logic fruit

JESD204b IP Design Document Technologies
Design Document for Porting
JESD204B
Transmitter and Receiver [P
on Elitestek TJ-Series FPGA

Prepared by (LFT): Date:
] ] Arpitha 12" May 2025
logic fruit
Technologies Reviewed by (LFT): Date:
Pavan 15" May 2025

This document and the information contained herein are the property of Logic Fruit Global
Technologies, Inc. Any reproduction, disclosure, or use thereof is prohibited except as
authorized in writing by Logic Fruit Global Technologies, Inc. The recipient accepts the

responsibility for maintaining the confidentiality of the contents of this document.

Page 1 of 161



logic fruit

JESD204b IP Design Document

Technologies

Document Identification

Document Name

Design Document for Porting JESD204b Tx and Rx IP on
Elitestek TJ-Series FPGA

Version No. 1.3

Date 16" May 2025
Total Number of Pages 161

Author of the Document Arpitha

Revision Record

Page 2 of 161



logic fruit

Technologies
JESD204b IP Design Document g
Revision Date Description of Change Submitter
0.1 3 October 2024 Initial Draft Arpitha
Done Alignments, Added
1.0 4™ October 2024 Pavan
images with more resolution
The addition of Simulation
architecture, waveform capture
1.1 27" November 2024 | images, and Resource Utilization Arpitha
done after Porting the Design in
Elitestek
e JESD204B TX and RX block
diagram Updation.
e Addition of the Hardware
1.2 26™ February 2025 Testing Chapter Arpitha
e Addition of the
Deterministic Latency
Testing
e Addition of 12.5Gbps testing
1.3 16" May 2025 Arpitha
results for ADC and DAC

Page 3 of 161



logic fruit

JESD204b IP Design Document Technologies
Table of Contents

1 INTRODUCTION......ctisetrirterisuetisuttissteiisaesesaesssatessasessss e sesaeseas s esas e ssas e sesae sesatseasesssbesesaesesanessssessnsesesnessnes 19
11 PURPOSE ...ttt et e et b e et e e e e st e e e e et a e e eaees 19
1.2 SCOPE «etttttteee ettt e e e a st e e e e s a et e e e e e a et e e e e e s b e s e e s e e e s s aaae 19
1.3 ACRONYMS AND ABBREVIATIONS ..uvvteutteeureenteeeseeenmeeesateesseessmeeessseesaseessaeesseeesmseesneesnseesnseeesnneesaresennes 19
1.4 APPLICABLE DOCUMENTS L.ceiiiiiiiiiiiiee ettt s e e e e s bbb e s e e e e e s s s abbaa e e e e e e 20

2 JESD204B PROTOCOL OVERVIEW .......ciiiiiiiiiiiiiiiiiissisiissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnnns 20
2.1 PROTOCOL ARCHITECTURE ..cetttttiiiiiittttteeeeesiittret et e e e s s sibrra s e e e e s e s saba s s et e e e s s s sabbbaeeeeeessssnbaaeeeeeeessaannraneeas 20
2.2 FEATURES OF LFT JESD204B LINK LAYER IP .ottt 22
2.3 AAPPLICATIONS eiitiiiittttiee et ettt et e e s ettt e e e e s bbb s et e e e e s s bbb e et e e e e s s s bbb s s e e e e e e s s nbbaaeeeeesssaannbaneeeeeenas 23

3 JESD204B TRANSMITTER CORE.......cccoiiiiiiiiiiiiisiiiinisnissssssssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 24
3.1 TRANSMITTER [P BLOCK DIAGRAM ...cooiiiiiiiiiiiiiiiiiiiiiiiiii e 24
3.2 TRANSMITTER IP [/O SIGNALS DESCRIPTION ..eeeeeeeeeeeeeeeeeeeeeeeeee e e e e e e e e e e e e e e e e e e e e e e et e e e e e e e e e e e et e ettt e et eeeeeeeeeeeeaeeeees 25
3.3 TRANSMITTER IP ATTRIBUTE DESCRIPTION ....cciiiiiiiiiiiiiiiiiiiiiiiiiiiiiieieee e 28
3.4 TRANSMITTER IP FUNCTIONAL BLOCK DESCRIPTION ...cceviiiiiiiiiiiiiiiiiiiiiiiiiiiiiennnnnn e 30
2 NN I 4 [ K o Lo Y o Ko ) V=] OO OO UPTPRPUPPPS PP 30
N N 1] g Ko | =1 Nt 31
R B o o}V [ole | o V=] OOt 44
3.4.4  Transmitter ReGiStEr INtEIFUCE ........ooueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee et eeeeteeeesaeaaasaasaasassssssaseens 45

3.5 JESD204B TRANSMITTER HARDWARE TESTING OVERVIEW .ceeeviiiiiiiiiiiiiiiiiiiiiiiinininnnnnnnnnnnn e 48
3.5.1 Hardware Testing BIOCK DiQQIGmM............ocoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeaeeeeaaaaaaaaesasassssssnssnens 48
3.5.2 /O SIGNQAI DESCIIPTION .....vvvveeeeeeeeeeeeee e eeeteeeee e e e ettt e e e e eee st aaeeeeestassaaaaeeeesssssssrasaeeenns 49
3.5.3  BIOCK DESCIIPION ...ttt et e e e et e e e e aaaaaaaaasaasasssssssssssssssssnsnnens 50

3.6 TXRESOURCE UTILIZATION . eetteiiieieeeeeeeeeeee ettt e e e e e e e e e s s e s e e e e e e e e e e e eaaaeeas 50

Page 4 of 161



logic fruit

JESD204b IP Design Document Technologies
4 JESD204B RECEIVER CORE ......cueiiiuiiiiieiieeiineiisstesseesssesesansssssessssesessssesassssasessssesessesesassssssesessesensessssnes 52
4.1 RECEIVER IP BLOCK DIAGRAM ....iiiiiiiiiiiiiei ettt ettt e et a et e s e et taa b s s s e e eeaaba s e eeaees 52
4.2 RECEIVER IP 1/O SIGNAL DESCRIPTION ..vvvveeeeeeeeutrreeeeeeeeeiessreeeeeeeeesasssssseeseeeeessssssssssseeessmsssrssessesessosssreseees 53
4.3 o\ oy oy 1= TU 0 Y of 1 T 56
4.4 RECEIVER IP FUNCTIONAL BLOCK DESCRIPTION ...cciiiiiiiiiiiiiiiiiiiiiiiiiiiinncceenenenenenneeeeeennneennenenn e 57

B 4.1 TEANSPOIT LAYEL ..ottt ettt e ettt e ettt e e et e s e tte s e etaa s s e asessessnssnssasesnananssnsnas 57
R N 1] g e =T PN 58
VN B o o}V [ole 1 [ 1 =] ([ =2 67
4.4.4  ReceiVer ReGiSter INTEI ACE. .........oouueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee ettt aaeaeeeesesaeesesnennnees 69

4.5 JESD204B RECEIVER HARDWARE TESTING OVERVIEW ..cceuiiiiiiiiieeeiiiiriineee e et ce e sinnes e e e e nnnne s 71
4.5.1 Hardware Testing BIOCK DiQQram...........cccueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeaeeaeseeeanneenes 71
4.5.2  1/O SigNQI DESCIIDTION ....vvveeeeeeeeeieeeeeeieieeeetaeeeeetaeeeeetaee e eetseeeeeeasaeeesaeeeeestseeeeesseeeeassseseenssseens 72
G B =1 oYl @ D=L Yol ¢ 1 1 Lo ) N 72

4.6 RX RESOURCE UTILIZATION . ..citiiiiieieeiieeee et s s e s e s e s e s e e s e s s e s e e e e e e e e s e e eaaeas 73

5 JESD204B TRANSMITTER AND RECEIVER CLOCKING ARCHITECTURE..........cccotttmmmmuniiiiirinennnnciiinnneennnnens 75
6 JESD204B SIMULATION ......ciiiiiimmeniiiiiiiieenneeiiiiiiiieemmeeiiiiiiteesssssiiistteessssssiisstttesssssssisssstssssssssssssssssssssnss 76
6.1 SIMULATION ARCHITECTURE t.ttttttttttttttststssssssssssssssssssssssssssssssssssssssssssesaasaas s s s s s aaas s s e s s s s s s s s s s s s asaebaaaasaaeesnees 76
6.2 BLOCK WAVEFORM CAPTURES....ceiiiiiiiiiiiiiiiiiiiiiiiiee ettt e e s e s e s s e e e e e e e s e e e s e s e seesesesseseesesessaeaneas 76
6.2.1  JESD20AD TX.oueeeveeeeieeiieeetee e e eeetittt e e e e e ettt e e e e s s sttt e e e e s s sttt e aaasssassbatetaaaeesaaatttnaaaesennanannes 76
6.2.2  JESD204B RX...eeeeeeeeeeeee ettt ettt ettt e ettt e e e e e e e tt e e e e e e e ennaaaans 78

6.3 SIMULATION STEPS 1.ttttttttttttttttttttstttttttstsssssssssssssssss s s s s s s s s s e s s s a4 e e e e s e e e e e e e e s 444444 e 44444 e e e e e s b abaa b e b b s b ababbaaaabbaaaes 80

7 HARDWARE VALIDATION FOR JESD204B TRANSMITTER WITH DAC .......ccitiiimmiiiiiininneeesiinnnnneeeesnenes 81
7.1 HARDWARE VALIDATION BLOCK DIAGRAM ...ooiiiiiiiiiiiiiiieccceeeeeeee e 81
7.2 TEST SET UP OF ELITESTEK EVALUATION BOARD WITH DAC .....eiiiiiiiiiiiiiiiiie 82

Page 5 of 161



logic fruit

JESD204b IP Design Document Technologies
7.2.1  TESt SELUP IMOGE ....cccovvvviiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieieieeieeeeieeeeeeettteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneees 82
7.2.2  HOrdware TeSt EQUIDIMENT .......cccccoeiiuiiiieeeeee ettt e e e e ettt e e e e e essssneeeas 82
7.2.3  SOFtWAIE USEU .......eeveeeeiieeeeee ettt e et e e sttt e ettt e e et e e e s steaeessteaessasneaens 83

7.3 TEST PROCEDURE ..cceiiiiiiiiiiee ettt e e s s bbb a e e e e e e s s b b e s e e e e e s s s ab b b s e e e e e e s s nnbanees 84
7.3.1  Hardware Connection PrOCEAUIE.................cocueeimmeuiieimeiiiieieeiiieeecieee sttt 84
7.3.2  TCL Script SeqUENCE TeSt PrOCEAUIE ..........ccceveeeeeeeeeeeiiiiieeieiiiieeiiiieeseeseeeessesessssssesssssssssssssssnnsnnnnes 84

7.4 TEST CASES FOR 5GBPS ...cvvviiiiiiiiiiiiiiiiiie ettt e e e a s e e e e e s s ab b b s e e e e e e s s abbaae e 89
7.4.1 Test Case 0: LMF =442, X1 interpolQtion ..............coeeeeeeeeeeeveeeeeeeeeieieeieiieeeieeeieeeeesssssssssssssssnnnnnnnes 92
7.4.2 Test Case 1: LMF =442, X2 iNterPOIAtiON ...........coeeeeeeeeeeeeeeeieeeeeieeeieieeeieeeeeeseseseesessssssssssssssnnssnnnnes 94
7.4.3 Test Case 2 : LMF =442, X4 interpolQtion ..............coueeeeeeeeeeeeeeeeeieeiiiieieiieeeieeeeseesessssssssssssssssnnnnnnes 97
7.4.4 Test Case 3 : LMF =244, X2 iNterpolQtion ..............cuuueeeeeeeeeeeeeeeeeeeiiieeiiieeeeeeesessesesssssssssssssssssnnnnnes 99
7.4.5 Test Case 4 : LMF =244, X4 iNterpolation ..............coeeeeeeeeeeeeeeeeeeeieeeeeieeeeeeeeeeseeessesssssssssssssssnnnnnns 101
7.4.6 Test Case 5 : LMF =244, X8 iNterpolQtion ...............oeeeeeeeeeeveereeeeeeeeeeeeieeeeeeeeesesessesssssssssssssssnnnnnns 103

7.5 TESTCASES FOR 12.5GBPS...cceiiiiiiiiiiiiiiiiiiiiiiiiiccc e 104
7.5.1 Test Case 0:LMF =442, X1 interpolQtion ...............ccuueeeeeeeeeeeeeeeeeeeeeeeeeieeeeeseseseseesssssssssssssssssnnnns 106
7.5.2 Test Case 1:LMF =442, X2 interpolQtion ..............coeeeeeeeeeeeeeveeeeeeeeeieeeeeeeeeeeeseseseesssssssssssssssssnnnns 107
7.5.3 Test Case 2 : LMF =442, X4 interpolQtion ...............ccuueeeeeeeeeeeeeeeeeeeeieieeieeeeesesesessesssssssssssssssssnnnns 108
7.5.4 Test Case 3 : LMF =244, X2 iNterpolation ..............cuuueeeeeeeeeveveeeeeieeeeeeeeeeeeeeeesssesssssssssssssssssssssnnns 110
7.5.5 Test Case 4 : LMF =244, X4 interpolation ...............cuuueeeeeeeeeeveeeeeeeeieeeeeeeeveesesseeseessssssssssssssssssnnns 111
7.5.6 Test Case 5 : LMF =244, X8 iNterpolQtion ..............cueueeeeeveeeeeveeeeeeeeeeeeeeeeeveesesesesesssssssssssssssssssnnns 112

7.6 DO\ o] o] B {1 1 0] P 113
7.6.1  MOAE = LIMIF = 442 ...ttt ettt ettt et e e e e e 113
7.6.2  MOQE = LIMIF Z 244 ...ttt ettt et e e 114

8  DETERMINISTIC LATENCY FOR JESD204B TRANSMITTER WITH DAC .....ccccovuerriiiunreiissueenisssneesssssessssnnns 115

Page 6 of 161



logic fruit

JESD204b IP Design Document Technologies
8.1 HARDWARE VALIDATION BLOCK DIAGRAM FOR  DETERMINISTIC LATENCY TESTING WITH DAC .....ccoevvviiiniinnnnnnn. 115
8.2 TEST SETUP OF ELITESTEK EVALUATION BOARD WITH DAC FOR DETERMINISTIC LATENCY .oovviiiiiiiiiiiiiiieieeeeeeee, 116
8.3 TEST PROCEDURE ...titiitititiiee ettt ettt e e et et e s e et e et s e s e e e aabba s e e e e eeba b s e s e e eeanbaaseeeenes 119
8.4 TEST CASES ..tttitteee ettt e bbb a et e e e s s bbb s e e e e e s s a e e e e e a e e e e e aae s 119

8.4.1 LMF =442, x4 interpolation ( 5 Gbps Deterministic LAtenCy)...........cccueeeeeeecvveeveeaeeeeiiiivveeeaaaann, 119
8.4.2 LMF =442, x4 interpolation ( 12.5 Gbps Deterministic LAtency) ..........cccoeeeevvuvvveeeeeeseeiiivvvenaaannn. 120
8.5 DETERMINISTIC LATENCY VARIATION WITH RESPECT TO HEAT SINK ON ELITESTEK EVAL BOARD .....uuuiiiiee 121
8.5.1 Test 0n Board With HEAt SiNK ...........cccceeeimiiiemniiiiieiieeeee et 121
8.5.2  Test on Board WithOUt HEAE SiNK ............ccoveueeemniuiiiiiiieeeiie e 122
8.6 DETERMINISTIC LATENCY VARIATION WITH RESPECT TO DIFFERENT DAC OUTPUT CHANNELS .....oevvvvreireeiiiinneneee. 123
8.6. 1 DAC CRANNCI Aottt e e e e e ettt e e e e e e sttt e e e e s sssabtaaaaeeeeas 123
8.6.2  DAC CRANNEI Bi....coveeeoiieeeeee ettt ettt e et e e e e ettt e e e e s sss st aaeeeeeas 124
8.6.3 10O @ T T2 o T-1 I O S 125
8.6.4  DAC CRANNCI D ..ccoveeeoieeeiee ettt e et a e e e s st aaeessnsssstaaaeeeenas 126

9 HARDWARE VALIDATION FOR JESD204B RECEIVER WITH ADC.....ccccccciiiiiiiimmnnnniiieniennnniiiiinninennneninns 128
9.1 HARDWARE VALIDATION BLOCK DIAGRAM ...covvviiiiiiiiiiiiiiiiiiiiiiincncenennnnee e 128
9.2 TEST SET UP OF ELITESTEK EVALUATION BOARD WITH ADC ... 130

LD R =X =4 (1| oI 1 1o o [PPSRt 130
9.2.2  Hardware TeSt EQUIPIMENT ........ccoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee et eeeaeeeaee et eeaaaaaaaaasaassasssssssssssssssnnes 130
LI B Yo 17 o [ =3 U LY=o PRt 131
9.3 Bl S 0ol L0 132
9.3.1  Hardware CONNECION PrOCEAUIE............ccceveeuiiiiiieeseessiiiiteeeeeesssiietaesssssssssssseasssssssssssaeassesnas 132
9.3.2 ADC GUI Configuration TeSt PrOCEAUIE...........cceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaaaaaaaaaassaaeassassssssssssnnes 132
9.3.3  TCL Script SeqUENCE TeSt PrOCEAUIE .........cceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaaeaaeaaasaaaaasssasasssssnnns 133

Page 7 of 161



logic fruit

JESD204b IP Design Document Technologies
9.4 TEST CASES FOR 5 GBPS ... ciiiiieieeeee ettt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeaaaaeeaaaeas 139
9.4.1 Test Case 0 : LMF =484 (40X MOUE).........ccc.uuueeeeeeeeeeiiiiriieeeeeeeseiiittaaaaeeessisssaaaaaeesssssssseaaaeeens 141

9.5 ADC IMODE DESCRIPTION ...ttt s 143
9.5.1  MOAE 40X,  LIMF Z 484 ..ottt ettt ettt s et e e e e e e 143
9.5.2 MO 160X, LIMF = T48 ...ccoeeeeoeeeeee ettt ettt ettt e e e e ettt e e e e s eibneeeeaeeeeas 145

9.6 TEST CASES FOR 12.5 GBPS ..ceiiiiiiiiiiiiiiiei ittt e e s a e e e e e e s nbaae s 146
9.6.1 TestCase 0:LMF =148 (160X MOAC) .........ooueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeveeeeeveeaans 147

10 DETERMINISTIC LATENCY FOR JESD204B RECEIVER WITH ADC.......ccccuuueeemmmmnnennnnnnnnnnnnnnnnnnnnnnensnnnnnes 150
10.1  DETERMINISTIC LATENCY FOR JESD204B RECEIVER WITH ADC AT 5GBPS ...vveeviiiiiieeiiiiiiieceeee e 150

10.1.1 Hardware Validation Block diagram for Deterministic Latency testing with ADC at 5Gbps . 150

10.1.2 Test Setup of Elitestek Evaluation Board with ADC for Deterministic Latency testing at 5Gbps152

10.1.3 TESE PIOCEAUIE ..ottt ettt et e ettt e e e e e et tae e e e e e e esestaeeesesesssaianneaees 153
10.1.4 = O Y =R 153
10.2 DETERMINISTIC LATENCY FOR JESD204B RECEIVER WITH ADCAT 12.5 GBPS...uuivviiieiiceiie e e eeceeee e e eennns 155

10.2.1 Hardware Validation Block diagram for Deterministic Latency testing with ADC at 12.5Gbps155

10.2.2 Test Setup of Elitestek Evaluation Board with ADC for Deterministic Latency testing at 12.5 Gbps

157
10.2.3 TESE PIOCEAUIE ..ottt ettt ettt e e e e e ettt e e e e e e et teeeesesessssaeeesaes 159
10.2.4 = O =2 160

Page 8 of 161



logic fruit

JESD204b IP Design Document Technologies
List of Figures
Figure 1. JESD204B Data Layer FIOW......uuuuuuuueiiiii s 21
Figure 2. ADC Application BIOCK DIi@gram ...........uuuuuuuuuuuuiiniii s 23
Figure 3. DAC Application BIOCK Di@agram ...........uueueuuuuuuuueiiiiiice e 23
Figure 4. JESD204B Transmitter BIOCK Diagram ..... ... e s 24
Figure 5. Transport layer Block design [/O SiBNals .......c.ueeeeiiieieiiiiiiee et e e e ireee e 30
Figure 6.TX Data phase state Machine ...........uuuueueuiiiii s 32
Figure 7.TX State machine Block design /O SINalS..........covvveiiiiiiiieeeiiiree et e e e eseveee e 32
Figure 8. Synchronization process for SUBCIAss O.........uuuuuuuii s 34
Figure 9.Synchronization process for SUDCIAss 1 ..... ... 35
Figure 10.Initial Lane AliIgNMENT SEQUENCE ......uuuuuuuiiiiiiii s 36
Figure 11. Frame Boundary BIOCK ...........uuuuuuueeuiii s 39
Figure 12. Scrambler module 1/0 SigNalS.........coocviiiiiiirieeiiiiieee ettt eeare e e eeareea e 40
Figure 13. Character Replacement I/O SigNalS........ccccuvvieiiiiiiiiiiiiiieeee et e e e e 42
Figure 14. Lane Mapping [/O SIZNAIS ......ccuuiiiiiiee ettt e e e et e e e e e e e e eetraaeeeaeeeeennnns 43
Figure 15. Elitestek PMA IP TX example deSigNn ......cccovviiiiiiiiiiiiii 44
Figure 16.FSM state diagram of Elitestek TX PMA IP initialization ..........cccccvviiiiiiiiiiiviviiieiieieinnnnnnnnn. 45
Figure 17. JESD204B IP Transmitter Testing Block diagram ..........cccoooiiiiiiiiiiiiiiiiiiececceccc e 48
Figure 18. JESD204B Receiver BIOCk Diagram ....... ... e 52
Figure 19. RX Transport [ayer /O SINalS.........ceiiiiiiiiiiiiieiie ettt e e e e e e e 57
Figure 20. RX Lane Mapping I/O SINAIS ........eeeiiiiiiiiiiiiieeee ettt e a e e e e e 58
Figure 21.Multi lane alignment 1/O SiZNalS..........coiiiiiiiiieiieee et e e e e e e e 59
Figure 22. CGS and ILA Detection [/O SiZNAIS .......ccoeiuiiiieiie et e et a e e e e eeaaes 61

Page 9 of 161



logic fruit

JESD204b IP Design Document Technologies
Figure 23. RX State MacChing ....uuuuueeiiieeiiii s 62
Figure 24. RX State Maching 1/O SINalS........ceeiiiiiieiiiiiiie e cciieee ettt e estre e e stre e e esavee e e earaeaeeaes 63
Figure 25. RX character Replacement [/O SigNalS .......ccueiiiiiieieiiiiiee ettt eivee e e esvre e e e e sivaee e 65
Figure 26. Descrambler BIOCK I/O SIgNAIS ......cccoiiuiiiiiiiiiie ettt ettt et eeave e e e areea e 66
Figure 27. Elitestek PMA IP RX example design........ccooeiiiiiiiiiiii, 68
Figure 28.CDR Recovered Data WiNGOW ...........uuuuuueuuuuuiiiiie s 68
Figure 29.JESD204B IP Receiver Testing BIock diagram ... 71
Figure 30.JESD204B [P ClOCK tFrEE ...uuuuueuueieiiiiiei s 75
Figure 31. Simulation architecture for the JESD204B Link and Transport Layer .......cccccceeeeeeiieceinennnn. 76

Figure 32. Hardware Validation Block Diagram of JESD204B Transmitter with DAC38J84 at 5 Gbps
[T L PSP PPPT R PUPPPPIN 81

Figure 33: Hardware Validation Block Diagram of JESD204B Transmitter with DAC38J84 at 12.5 Gbps

LiNE RATE ..uviiiiiiiiiiiiiiii s 81
Figure 34. Test Setup of Elitestek Evaluation Board with DAC ..., 82
Figure 35.Com port and Baud rate settings fOr DAC ..........uuiiii s 85
Figure 36.DAC TCL CONSOIEPIINTS L ...uuuuuuuuiiinnniiiiiiiiiiiii e nan 86
Figure 37. TCL CONSOIE PrINTS_2 ..uuuuueieiiiiiiiiiiiiiiii e nan 86
Figure 38.DAC TCL CONSOIE IMAGE_3....uuuuuiiiiuniiiiii s 87
Figure 39.DAC TCL CONSOIE IMAEGE_ A ....uuuuuneeunenin s 88
Figure 40.DAC TCL CONSOIE IMAGE_5...uuuuuiiiiiiiii s 88
Figure 41.DAC TCL CONSOIE IMAGE_B...uuuuuuuniunnninniiieiiii e nan 88
Figure 42.DAC output waveform for input frequency as 10MHZ ..........ccoeiiiiiiiiiiiiiiiiccciceceeeeeee e 89
Figure 43: Block Diagram depicting Clock Architecture for 5 Gbps Line Rate ........cccceeeeeeieiiiiiceiiennn. 89

Page 10 of 161



JESD204b IP Design Document

logic fruit

Technologies

Figure 44. TCO : Time domain 10 MHz output waveform for x1 interpolation, LMF =442 mode..... 92
Figure 45.TCO: Time domain 20 MHz output waveform for x1 interpolation, LMF =442 mode....... 92
Figure 46.TCO: Time domain 120 MHz output waveform for x1 interpolation, LMF = 442 mode..... 93

Figure 47.TCO:

Figure 48.TC1:

Figure 49.TC1:

Figure 50.TC1:

Figure 51.TC1

Figure 52.TC1

Figure 53.TC1:

Figure 54.TC2

Figure 55.TC2

Figure 56.TC2:

Figure 57.TC2:

Figure 58.TC3:

Figure 59.TC3:

Figure 60.TC3:

Figure 61.TC3:

: Time domain 120 MHz output waveform for x2 interpolation, LMF = 442 mode.....

Frequency domain 120 MHz output waveform for x1 interpolation, LMF = 442 mode

Time domain 10 MHz output waveform for x2 interpolation, LMF = 442 mode........

Frequency domain 10 MHz output waveform for x2 interpolation, LMF = 442 mode

Time domain 20 MHz output waveform for x2 interpolation, LMF = 442 mode........

: Frequency domain 20 MHz output waveform for x2 interpolation, LMF = 442 mode

Frequency domain 120 MHz output waveform for x2 interpolation, LMF = 442 mode

.................................................................................................................................. 96
: Time domain 10 MHz output waveform for x4 interpolation, LMF = 442 mode....... 97
: Time domain 20 MHz output waveform for x4 interpolation, LMF = 442 mode....... 97
Time domain 120 MHz output waveform for x4 interpolation, LMF = 442 mode..... 98

Frequency domain 120 MHz output waveform for x4 interpolation, LMF = 442 mode

Time domain 10 MHz output waveform for x2 interpolation, LMF = 244 mode........

Frequency domain 10 MHz output waveform for x2 interpolation, LMF = 244 mode

Time domain 20 MHz output waveform for x2 interpolation, LMF = 244 mode...... 100

Frequency domain 20 MHz output waveform for x2 interpolation, LMF = 244 mode

Page 11 of 161



JJ\,I_ogic fruit
Technologies

JESD204b IP Design Document

Figure 62.TC4: Time domain 10 MHz output waveform for x4 interpolation, LMF = 244 mode....... 101

Figure 63.TC4 : Frequency domain 10 MHz output waveform for x4 interpolation, LMF = 244 mode

Figure 64. TC4 : Time domain 20 MHz output waveform for x4 interpolation, LMF = 244 mode... 102
Figure 65.TC4 : Time domain 20 MHz output waveform for x4 interpolation, LMF = 244 mode.... 102
Figure 66.TC5: Time domain 10 MHz output waveform for x8 interpolation, LMF = 244 mode..... 103
Figure 67. TC5: Time domain 20 MHz output waveform for x8 interpolation, LMF = 244 mode.... 103
Figure 68: Block Diagram depicting Clocking Architecture for 12.5 GbPS .....cccceeeeiiiiiiiiiiiiiciccceienn 104
Figure 69:TCO: Time domain 25 MHz output waveform for x1 interpolation, LMF = 442 mode....... 106
Figure 70. :TCO: Time domain 75 MHz output waveform for x1 interpolation, LMF = 442 mode...... 106
Figure 71. :TC1: Time domain 25 MHz output waveform for x2 interpolation, LMF = 442 mode...... 107
Figure 72. :TC1: Time domain 75 MHz output waveform for x2 interpolation, LMF = 442 mode...... 107
Figure 73. :TC2: Time domain 25 MHz output waveform for x4 interpolation, LMF = 442 mode...... 108
Figure 74:TC2: Time domain 75 MHz output waveform for x4 interpolation, LMF = 442 mode....... 108
Figure 75:TC2: Time domain 250 MHz output waveform for x4 interpolation, LMF = 442 mode..... 109

Figure 76:TC2: Time domain & Frequency Domain 310 MHz output waveform for x4 interpolation,

LIMIF = 442 MOGE ..ttt e e s sttt e e st e e e s e bttt e e eabb et e e e eabbe e e e snbeeeeeanreeee s 109
Figure 77:TC3: Time domain 25 MHz output waveform for x2 interpolation, LMF = 244 mode....... 110
Figure 78:TC3: Time domain 50 MHz output waveform for x2 interpolation, LMF = 244 mode....... 110
Figure 79: TC4: Time domain 25 MHz output waveform for x4 interpolation, LMF = 244 mode...... 111
Figure 80: TC4: Time domain 50 MHz output waveform for x4 interpolation, LMF = 244 mode...... 111
Figure 81: TC5: Time domain 25 MHz output waveform for x8 interpolation, LMF = 244 mode...... 112

Figure 82: TC5: Time domain 50 MHz output waveform for x8 interpolation, LMF = 244 mode...... 112

Page 12 of 161



logic fruit
JESD204b IP Design Document Technologies

Figure 83. Deterministic Latency testing of JESD204B Transmitter with DAC.......cccoceeiiiiiiiiiiiiiinnnn. 115

Figure 84.Test set up of Elitestek Evaluation Board with DAC for testing Deterministic Latency with

L =] 1T Il Lo 1o T 116

Figure 85.Clocking Structure for JESD204B Transmitter testing with DAC at 5 Gbps Line Rate (Here
the oscillator input to the DAC LMK is ADC LMK clock OULPUL) ..eeeveeeeiiciiiiieeeeee et 117

Figure 86: Clocking Structure for JESD204B Transmitter testing with DAC at 12.5 Gbps Line Rate
(Here the oscillator input to the DAC LMK is ADC LMK clock oUtput)......cccevvvcciriiieeieeeeiiciiiieeeeee, 118

Figure 87.Deterministic Latency capture between trigger signal and DAC output at input frequency of

Figure 88.: Deterministic Latency capture between trigger signal and DAC output A at input

FreqUENCY OF 250IMIHZ ......ceiiiiiiieeeeeeeeeeeeeee ettt et e e e e e eeee e ae e e e e eeaa s aassaeasaassasssasssassssssssssssesnssnnnnnnnnnns 120

Figure 89: Deterministic Latency Delay of 327.17 ns with Heat Sink for input waveform of 75 MHz at
12.5 GOPS LINE RAEE ..uuuuuieiiiiiiiiiiiiitiit e nan 121

Figure 90: Deterministic Latency Delay of 327.17 ns without Heat Sink for input waveform of 75 MHz

At 12.5 GhPS LINE RAte.cccc i 122
Figure 91: DAC Channel A output waveform at 12.5 Gbps Line Rate .......ccccceeeeiiiiiiiiciiiiiciiiiienn, 123
Figure 92: DAC Channel B output waveform at 12.5 Gbps Line Rate......ccccceeeeiiiiiiiiiiiiiciiciieecenn, 124
Figure 93: DAC Channel C output waveform at 12.5 Gbps Line Rate......cccceeeiiiiiiiiiiiiiiiciccicciececenns 125
Figure 94: DAC Channel D output waveform at 12.5 Gbps Line@ Rate ......ccccceeeieiiiiiiiiiieiiicccieceeeenn, 126

Figure 95. Hardware Validation Block Diagram of JESD204B Receiver with ADC AFE58JD48 at 5Gbps

TN = 1 <R 128

Figure 96. Hardware Validation Block Diagram of JESD204B Receiver with ADC AFE58)D48 at

12.5GDPS [INE FALE ..uuuieiiiiiiiiiiit e nnannnn 129
Figure 97. Test Set up of Elitestek Evaluation Board with ADC ...............ccoooiiiii 130
Figure 98.Configuration file loading in the ADC GUI ..........uuuuuice s 133

Page 13 of 161



logic fruit

JESD204b IP Design Document Technologies
Figure 99.Com port and Baud rate settings fOr ADC ....... ... i 134
Figure 100.ADC TCL CONSOIE IMAGE 1 ...uuuuuuuuiiiieniiiii s 135
Figure 101. ADC TCL CONSOIE IMAZE 2...uuuuuuuiiiiiiniiii s 135
Figure 102. ADC TCL CONSOIE IMAEE 3 ...uuuuuuuuuunuuinuiiniiiiniii s 136
Figure 103. ADC TCL CONSOIE IMAGE 4 ...uuuuuuueuuuuniuinitiiii s 136
Figure 104. WaveVision SOfWEAre GUI...........uuuueueiiiii s 137
Figure 105. Selection of channel to view the wWaveform ..o 138
Figure 106. Frequency domain plot in WaveVision SOftware .........ccccceeeeeeeeiiiiiiiiiiiiiicccccccceccece e 139
Figure 107. Time domain Plot in Wave Vision SOftWare .........ccccccoeiiiiiiiiiiiiiicicceceec e 139
Figure 108 : Block Diagram depicting Clock Architecture for 5 Gbps Line Rate ........cccceeeeeviiieiiennnn. 139
Figure 109 .TC 0: Time domain plot for captured waveform for input frequency of 1 MHz............. 141

Figure 110.TC O: Frequency domain plot for captured waveform for input frequency of 1 MHz...... 141
Figure 111.TC 0: Time domain plot for captured waveform for input frequency of 62.5 MHz......... 142

Figure 112.TC 0: frequency domain plot for captured waveform for input frequency of 62.5 MHz. 143

Figure 113. Waveform generated through octave code with Input frequency as 62.5MHz............. 143
Figure 114: Block Diagram depicting Clock Architecture for 12.5 Gbps Line Rate .........ccccceeeeevnnnnn. 146
Figure 115 .TC 0: Time domain plot for captured waveform for input frequency of 1 MHz............. 147

Figure 116.TC 0: Frequency domain plot for captured waveform for input frequency of 1 MHz...... 148
Figure 117.TC 0: Time domain plot for captured waveform for input frequency of 39.0625 MHz ... 148

Figure 118.TC 0: frequency domain plot for captured waveform for input frequency of 39.0625 MHz

...................................................................................................................................................... 149
Figure 119. Waveform generated through octave code with Input frequency as 39.0625M........... 149
Figure 120. Deterministic Latency testing of JESD204B Receiver with ADC at 5Gbps .........cccceunn... 150

Page 14 of 161



logic fruit
. Technologies
JESD204b IP Design Document

Figure 121.Test set up of Elitestek Evaluation Board with ADC for testing Deterministic Latency at 5Gbps

Figure 122. Deterministic Latency capture between input square and ADC MSB bit at input frequency
(o T,/ L = RPN 153

Figure 123. Deterministic Latency testing of JESD204B Receiver with ADC at 12.5Gbps ................. 155

Figure 124.Test set up of Elitestek Evaluation Board with ADC for testing Deterministic Latency at
] ] o] LT O TSP P PP P PP PPPTOPPPRON 157

Figure 125. Deterministic Latency capture between input square and ADC MSB bit at input frequency
Loy |V | 2 PSPPSR 160

Page 15 of 161



logic fruit

JESD204b IP Design Document Technologies
List of Tables
TADIE 1: ADDIEVIGLIONS ...cccoeeeiiiiiieeee ettt ettt e e e e e ettt e e e e e s ettt ettt e e e e s s abbbeeeeaeesennnnes 20
Table 2. JESD204B Transmitter IP 1/0 signal DESCIPtION ...........ccccvueeeeciveeeeiiiieeeeeiiieeeeescveeeeseveeaesans 28
Table 3. JESD204B Transmitter IP Attribute deSCription .............ccceeeeeeeieiiieieeeeeeee e 30
Table 4. Transport layer /0 signals deSCription...........c....ouciueeeeiiieeeeeiiiieeeeeiireeeeeeireeeeesireeeessreeae e 31
Table 5.TX State machine 1/0 signals deSCrPtION ..............cccvueeeiiiieeeeiiiieeeeecireeeeeeireeeeescreeeessraea e 33
Table 6. CGS ILA module 1/0 Signals deSCriDtion ..........cc....occieeeeiiiiueeeieiireeeeecireeeeeeireeeeesiveeeessveeeeens 38
Table 7. Frame Boundary Indicator I/O signals description ...........c.....occvueeeeeciueeeeiiiiueeeeeciveeeescireeeeens 40
Table 8. Scrambler module 1/0 signal deSCriptioNs .............ccoueeeeiiieeeeiiiieeeeecireeeeeeireeeeeecreeeessreea e 40
Table 9. Character Replacement /O signal deSCriptions ..............ccvueeeecvueeeeiiireeeeisieeeeeeciveeeescireeaeens 43
Table 10. Lane Mapping I/O signal desCription.........cociveieiiieeeeeriieeeeeereeeeescreeeeeetreeeeeetreeeeearreaeenns 43
Table 11. PHY BIOCK 1/ SiGNQIS.........ccuueooiieeieieiieee et eecaee e eeeee e eetaee e eeetreee e seveee e setvaeeeesareeaeenns 45
Table 12. Transmitter ReqiSter AddreSss MAP............uuuuuuuunieiieeeeeeeeeeeeee e eeee e e aan 48
Table 13. JESD204B RX application I/O signal desCription...................eeeeeeeccciiuveeeeeeeeeicciiieeeeeeeeeeeeans 49
Table 14. TX ReSOUICe ULIliZOTION ..........ccoovueeiiiiiiiiiiiiiie ettt ettt et s e e 51
Table 15. JESD204B Receiver IP 1/0 Signal DeSCHDLION .............ccccevuveeeeeeeeeiecciiireeeeeeeeeeeccivveeeaaeeeeeeans 56
Table 16. JESD204B Receiver IP Attribute description ........cccccccceeeiioiiiiicccccce e 56
Table 17. RX Transport layer 1/O signal deSCription ................cocccevuueeeeieeeeeeciiiieeeeeeeeeeecciiieeeeeaeeeeeeeans 58
Table 18. RX Lane Mapping I/O Signal deSCripLions ................coccceiuueeeeeeeeeeeciiiieeeeeeeeeeeeciveeeeeaeeeeeeeans 59
Table 19. Multi-lane alignment 1/O signal A@SCrPION ..............ccccvuueeeiiieeeeeeciiieeeee e eeecciieeeee e e e 60
Table 20. CGS and ILA Detection I/O Signal deSCription .............ccccueeeeeeeeeecciiieeeeeeeeeeeeciiieeeeeeeeeeeeeans 62
Table 21.RX state machine 1/0 signals deSCription .................oocccevvueeeeeeeeeeeciiiieeeeeeeeeeeeciireeeeeaeeeeeeans 64
Table 22. RX character replacement 1/0 signal description....................cooeeeevvueeeeeieeeeeeciiieeeeeeeeeeeeeans 66

Page 16 of 161



logic fruit

JESD204b IP Design Document Technologies
Table 23. Descrambler Block 1/0 signal DesCription.............cccueeeciueeeiciiveeeeiiireeeeeeireeeeesiveeeesiseea e 67
Table 24. PHY BIOCK 1/0 SIiGNQIS.........c...ueoeciuieeeiciiee ettt eeciee e e etvee e e eetve e e e stbeee e seabeeeessttaeeessaraeaeanes 69
Table 25. Receiver RegiSter AAAreSS MO ........ ... nan 71
Table 26. JESD204B RX application 1/0 signal description..........cccceeeeiiiiieeeiiiiieee e eecireeeeeiveee e 72
Table 27. JESD204B RX application /O signal description.............cccc..occvueeeeiiiveeeeiiieeeeesciveeeescireeeeanns 72
Table 28. RX ReSOUICe ULilization.........eeiiiiiiiiiiiiieeeseee ettt 74
Table 29. RX Clock Signals deSCrIPION ............uuuuuuuneieee e aan 75
Table 30. Hardware Requirements for JESD204B Transmitter DEMO .........ueiiiiiiiiiiiiiiiiieceeceeeeeeceeann 83
Table 31. Elitestek Eval board and DAC Data rate Table .......coccuiiiiiiiiiiiiiieeccee e 90
Table 32. JESD204B Transmitter Test Cases fOr 5 GDhPS .....uuuuuuuiiii e 91
Table 33. Elitestek Eval board and DAC Data rate Table .......coocueeiiiiiiiiiiniieee e 104
Table 34: 12.5 GOPS TEST CaASES ..uuuuuuuuueueuiueuiiiiiiiiiiitta s nnnnnnnnnnnnnan 105
Table 35. DAC Lane Mapping for LIMF =442 ..........uuuuuuuce s 113
Table 36.DAC Parameter Values for LMF = 442 .......cooouiiiiiiiieeeeeeee et 113
Table 37. DAC Lane Mapping for LIMF = 244 ...........uuuuuuu s 114
Table 38. DAC Parameter Values for LIMF = 244 ............oiiiiiiiieieiieee et 114
Table 39: Deterministic latency variation table for JESD204B TX testing with DAC for 5Gbps ......... 120
Table 40: Deterministic latency variation table for JESD204B TX testing with DAC for 5Gbps ......... 121
Table 41: Deterministic Latency variation at 12.5 Gbps for 75 MHz input to DAC.......ccccceeeeeiiinnnnn. 122

Table 42: Deterministic Latency variation on different DAC Channels (Cold Reset, 12.5 Gbps Line

2 1 ) S 127
Table 43.Hardware Requirement for ADC DEMIO........uuuuuuuuuunieeeeee e aan 131
Table 44. Elitestek Eval board and DAC Data rate Table ........ocouvuiiiiiiiiieiecceee e, 140

Page 17 of 161



logic fruit

JESD204b IP Design Document Technologies
Table 45 .JESD204B Transmitter Test Cases fOr 5 GhPS ....uuuuuuuuuiiii 140
Table 46. ADC Lane Mapping fOr LIMF = 484 .........u e s 143
Table 47. ADC Parameter Values for 40 X MOdE..........uuiiiiieiiiniiiiiiieieee ettt e e e e 144
Table 47. ADC Parameter Values for 160 X MOde.......cvveieiiiiireiiiiieee et 145
Table 44. Elitestek Eval board and DAC Data rate Table .......ccoccviviiiiiiiiiiiiiiee e 146
Table 45 .JESD204B Transmitter Test Cases for 12.5 GOPS.......uuuuuiiiiiiiiicc e 147
Table 48. Deterministic latency variation table for JESD204B RX testing with ADC at 5Gbps........... 154
Table 48. Deterministic latency variation table for JESD204B RX testing with ADC at 12.5Gbps...... 161

Page 18 of 161



logic fruit
JESD204b IP Design Document Technologies

1 Introduction
1.1 Purpose

The purpose of this document is to specify the FPGA Architecture for
e JESD204B Transmitter and Receiver IP.

e Interfacing JESD204b Link Layer IP with Elitestek PMA.
1.2 Scope

The scope of this document is to explain the High-Level Design Description Details for JESD204B
IP and interface details between JESD204b Link Layer IP and Elitestek PMA IP. All the top-

level modules of JESD204B IP are explained in this Document.

1.3 Acronyms and Abbreviations

Abbreviations Definition
ADC Analog to Digital Converter
DAC Digital to Analog Converter
PHY Physical Layer
X Transmitter
RX Receiver
PMA Physical Medium Attachment
PCS Physical Coding Sublayer
IP Intellectual Property
ILA Initial Lane Alignment
CGS Code Group Synchronization
LMFC Local Multi frame Clock
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IN Input
ouT Output
FIFO First In First Out

Table 1: Abbreviations

1.4 Applicable Documents

1. JESD204B Specification: Serial Interface for Data Converters

2. Proposal Document for JESD204B porting on Elitestek TJ-Series FPGA
2 JESD204B Protocol Overview
2.1 Protocol Architecture

JESD204B is the standard serial interface between the data converters and the logic devices. It
describes the multi-gigabit serial data link between the Analog to Digital Converter (ADCs) and Digital
to Analog Converter (DACs) to the FPGAs or ASIC. JESD204B standard supports a maximum lane rate
of up to 12.5 Gbps with Multiple Lane feature support. It supports Multi-Lane and Multi-Device
synchronization. It is necessary for high-density systems as it provides reduced PCB area and package

size.
JESD204B protocol uses 8b/10b encoding and decoding in the Physical layer for DC balancing.

Figure 1 illustrates data flow through different layers in the JESD204B protocol.
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JESD204B JESD204B
X RX
Pattern Data
Generator Samplelrs
| Processing
Transport Transport
Layer Layer
Link Layer ‘ Link Layer ‘
iE RX
Physical Physical
Layer Layer
High Speed Serial Transfer T

Figure 1. JESD204B Data Layer Flow
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2.2  Features of LFT JESD204b Link Layer IP

Following are the LFT JESD204B Transmitter and Receiver features:

e Design as per JESD204B Standard.

e  Supports up to 8 lanes per core (This limitation is due to the Transceivers).
e  Supports Transport and Link Layers.

e  Supports Subclass 0 and 1.

e Does not support Subclass 2.

e No of Frames per Multi-frame (K) = 1 to 32

e No of Samples per Frame (F) = 1 to 256

e  Supports Scrambling.

e  Supports Initial Lane Alignment.

e  Supports Character Replacement.

e  AXI Stream Data interface.

e AXI Lite Configuration interface.

e  Supports Error Detection and Link Retraining.

e  Supports Multi Device Synchronization: Proved Synchronization up to 32 Channels
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2.3 Applications

Figure 2 and Figure 3 illustrate the application of the JESD204B protocol. It provides an overview of

the interface between the ADC and DAC with the FPGA logic devices through JESD204B protocol

over the SERDES lanes.

ADC O

ADC 1

ADC Device

JESD204B
X

SERDES
Lanes

—

M number of converters

FPGA

JESD204B User
RX Application

ADC Application

Figure 2. ADC Application Block Diagram

FPGA

Application

User JESD204B

>

SERDES
Lanes

—

DAC Device

DACO >
DAC1 >
DAC

JESD204B
RX

M-1

M number of converters

DAC Application

Figure 3. DAC Application Block Diagram
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3 JESD204B Transmitter Core

3.1 Transmitter IP Block Diagram

JESD204B Transmitter

32- bit

32- bit
Transport Layer >

Reference
9. bit clock
Test Patterns 32- bit 32- bit 32- bit 32- bit 32- b 40- bit
Data
; ; Selection Character ; 8B/108
Device Clock Device Clock 32- bit // >  Scrambler // > Sl // Lane Mapping // Gear Box ENCODING PMA IP
JESD204B Transport Layer cgs ILA tDeua f X Device Clock TX.Out TX-Out Clock  TX-Out Clock
Rrerang Device Clock | Device Clock Device Clock Clock
AXI Clock Device
Register Interface > Clock
AXM Lite Frame
Configuration o Tx State
Interface v Machine
Generator
AXI Clock
» AXK4 Slave .
Device Clock SYS_ref Device Clock  Sync signal
signal 3 E—
JESD204B Register Interface ‘ ESD204B Link Layer Tx IP Physical Link Layer

Elitestek LFT
Control signals Clock Data

P IP
—

>

Figure 4. JESD204B Transmitter Block Diagram
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3.2 Transmitter IP 1/O Signals Description

Signal
Direction Width Description
Name
Clocks and Resets
refclk_p IN 1 Positive differential reference clock
refclk_n IN 1 Negative differential reference clock
sys_reset_i IN 1 On board system reset
Transceiver signals
txp_out IN 1 Transceiver positive transmitter signal
txn_out IN 1 Transceiver negative transmitter signal
JESD204B control signals
Sysref control signal to the Tx IP, used when
tx_sysref i IN 1
Subclass 1 is selected
tx_sync_i ouT 1 Sync signal to the TX IP
AXI Stream Input signals
tx_aresetn_o ouT 1 Active low reset signal to the transport layer
module
tx_tdata_i IN 32*L Input data from the transport layer
tx_tready o ouT 1 Ready signal to the transport layer
AXl-Lite Control Signals
tx_s_axi_aclk i IN 1 AXI Lite register interface clock
tx_s_axi_aresetn_i IN 1 AXI Lite register reset signal
tx_s_axi_awaddr_i IN 32 Write address. Specifies the address of the first
transfer in the write burst transaction. Associated
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control signals determine the addresses of
remaining transfers in a burst

tx_s_axi_awprot_i

Write protection type. This signal indicates the
privilege and security level of the transaction, and
whether the transaction is data access or
instruction access.

[0] — Privileged or Unprivileged

[1] — Secure or Non-secure

[2] — Instruction or data access

This feature is not supported and must be driven to
3'h0.

tx_s_axi_awvalid_i

Write address valid. This signal indicates that the
channel is signaling valid write address and control
information. Address and control information
remains stable until awready signal is high.

0: Address and control information not valid.

1: Address and control information valid.

tx_s_axi_awready o

ouT

Write address ready. It indicates that the slave is
ready to accept the address and associated control
signals.

0: Slave not ready

1: Slave ready

tx_s_axi_wdata_i

32

Write Data.

tx_s_axi_wstrb_i

Write strobes. This signal indicates which byte
lanes hold valid data. There is one write strobe bit
for every eight bits of the write data bus.

tx_s_axi_wvalid_i

Write valid. This signal indicates that valid write
data and strobes are available.

0: Write data and strobes not available.

1: Write data and strobes available.

tx_s_axi_wready o

ouT

Write ready. It indicates that the slave can accept
write data.

0: Slave not ready

1: Slave ready

tx_s_axi_bresp_o

ouT

Write response. Indicates status of write
transaction

This signal indicates an error if the data phase ID
does not match the address phase ID. For example,
if AWID = 0 and WID! = 0, the controller responds
with bresp error.
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Write response valid. Indicates that valid written
. . response is available.
tx_s_axi_bvalid_o out ! 0: Write response not valid.
1: Write response valid.
Response ready. This signal indicates that the
tx_s_axi_bready, i N 1 master can accept a written response.
0: Master not ready
1: Master ready
Read address. Gives the initial address of the read
tx_s_axi_araddr_i IN 32 burst transaction, and control signals issued
alongside the address show how the address is
calculated for the remaining transfers in the burst.
Read protection type. This signal indicates the
privilege and security level of the transaction, and
whether the transaction is a data access or
tx_s_axi_arprot_| IN 3 instruct.ic?n access. N
[0] — Privileged or Unprivileged
[1] — Secure or Non-secure
[2] — Instruction or data access
This feature is not supported and must be driven to
3'h0.
Read address valid. This signal indicates that the
channel is signaling valid read address and control
. - information. Address and control information
tx_s_axi_arvalid_i IN 1 . . . L
remains stable until arready signal is high.
0: Address and control information not valid.
1: Address and control information valid.
Read address ready. It indicates that slave is ready
to accept read address and associated control
tx_s_axi_arready o ouT 1 signals.
0: Slave not ready
1: Slave ready
tx_s_axi_rdata_o ouT 32 Read Data.
tx_s._axi_rresp_o ouT ) Read re_f,ponse. It indicates the status of the read
transaction. Currently, the controller always
responds with rx_s_axi_rresp_o=0.
Read valid. Indicates that required read data is
tx_s_axi_rvalid_o ouT 1 available and read trfamsfer can complete.
0: Read data not available.
1: Read data available.
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Read ready. This signal indicates that the master
can accept a read data and response.

0: Master not ready

1: Master ready

tx_s_axi_rready i IN 1

Table 2. JESD204B Transmitter IP I/O signal Description

3.3 Transmitter IP Attribute Description

Attribute Description
NUMBER_OF_LANES(L) Indication of the total number of transceiver lanes used
JESD204B_IP_REV_NO JESD204B Revision number

Tx Parameters

OCTETS_PER_FRAME Number of Octets in a frame

FRAMES_PER_MULTIFRAME Number of frames in a Multi frame

OCTETS_PER_MULTIFRAME Number of octets in a Multi frame

SUB_CLASS Type of Subclass
MULTI_FRAMES_IN_ILA Number of Multi Frames in an ILA
SCRAMBLING Scrambler enable and disable selection
SYSREF_ALWAYS Periodic or one-shot reference signal

ILA Settings Parameters

ILA_DID Device Identification number

ILA_ADIJCNT Number of adjustment resolution steps to adjust DAC LMFC.
ILA_BID Bank ID — extension to DID

ILA_ADIJDIR Direction to adjust DAC LMFC

ILA_PHADJ Phase Adjustment request to DAC
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ILA_SCR Scrambling Enabled

ILA_L1 Number of lanes per converter device
ILA_M1 Number of converters per device
ILA_CS Number of control bits per sample
ILA_N Converter Resolution

ILA_Nt Total number of bits per sample

ILA_SUBCLASSV

Device Subclass Version
000 — Subclass 0
001 —Subclass 1
010 — Subclass 2

ILA_JESDV JESD204 version
000 — JESD204A
001 -JESD204B
ILA_S Number of samples per converter per frame cycle
ILA_HD High Density format
ILA_CF Number of control words per frame clock period per link
ILA_RES1 Reserved field 1
ILA_RES2 Reserved field 2
ILA_LID Lane ldentification number
Test Data Generator Parameters
RPAT_EN Enabling Modified Random Pattern
JSPAT _EN Enabling Scrambled Jitter Pattern
PRBS_EN Enabling PRBS generator
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Table 3. JESD204B Transmitter IP Attribute description

3.4 Transmitter IP Functional Block Description

3.

4.1 Transport Layer

® The transport layer maps the sample data to required data format accepted by the DAC chip.

® |t will convert the sample data to octets and frames by adding additional control and tail bits if
necessary and transmit data on different lanes.
® When the link layer is ready to accept data, it asserts the ready signal, and the formatted data is
sent from the transport layer to the link layer.
® The channel mode and the number of lanes activated are sent from the register interface.
® The IQ mapper module will send the data only on the activated number of lanes
Lanes_in_use
sample_data_out
ready|  Transport -
channel_mode |ayer
—>
sample_data_in
—>
Figure 5. Transport layer Block design 1/0 signals
Signal
Direction Width Description
Name
lanes_in_use In 4 Number of transceiver Lanes in use.
ready In 1 Ready signal to send data from 1Q mapper.
0 - Quad Channel Mode (Real Data)
channel_mode In 1
1 - Dual Channel Mode (IQ Data)
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sample_data_in In 128 Input data

sample_data_out Out 255 Output data

Table 4. Transport layer /O signals description

3.4.2 Link Layer

The Link Layer of JESD204B Tx IP includes the following modules:

TX state machine

CGS_ILA Data Generator module
Frame Boundary Generator
Scrambler

Character Replacement

Lane Mapping

3.4.2.1 TX State machine

The TX state machine module defines the different states of JESD204B protocol as CGS, ILA and
data phase.

The TX device detects the low SYNC signal for at least four consecutive local frame clock periods
and interprets the SYNC pulse as a synchronization request.

Initially the State Machine is in IDLE State, when the Sync signal is high and Sysref is captured,
then state machine proceeds to CGS State. K28.5 characters are sent continuously in IDLE and
CGS states.

When SOMF is 1, then State Machine proceeds to ILA State. In ILA State, ILA information is
sent on the parallel data and state Machine proceeds to Data State.

The transition of the states is shown in the FSM diagram below
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DATA
TRANSMIT

Isync cgs_started
and and ila_over i==
sysref_captured_i =1 somf_i =4'd1
Figure 6.TX Data phase state machine
tx_out_clockk
sys_clk_i %
reset_i N gtx_reset_o
transceiver_reset_dpne_i
_ _gpne_|
SEE LR TX state machine
F i : tx_state_o
somf_i ~
sync_i N
ila_over_i
Figure 7.TX State machine Block design 1/0 signals
Signal Direction Bus Width Description
Name
Tx_out_clk In 1 Output clock from the PHY block
sys_clk_i In 1 System Clock
Reset i In 1 Active high reset
transceiver_reset_done_i In 1 Tx_reset done from the PHY block
Sync_i In 1 Sync signal from the receiver
Sysref captured i In 1 Input signal which provides the
reference phase for the clock signals
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Tx_state_o [1:0] ouT 2 00 - IDLE
01 - START_CGS
10- ILA

11 -DATA_TRANSMIT

ila_over_i n 1 Indicates the end of ILA Phase

Table 5.TX State machine I/0 signals description
3.4.22 CGS_ILA Data Generator module

The CGS_ILA Data Generator module generates the CGS, ILA Data for the transmission based on the

sync signal received from the receiver.

3.4.2.2.1 Code Group Synchronization (CGS)

In the CGS phase, the receiver aligns with the 10-bit symbol boundary of the transmitted symbols.
CGS is achieved by the following process:

® The receiver generates the synchronization request by asserting the ~SYNC signal low.

® Thetransmitter on issue of the synchronization request, transmits the stream of /K/=/K28.5/ (BC)

symbols

® The receiver synchronizes when it receives at least 4 consecutive /K28.5/ Symbols without any
error. It then deactivates the ~SYNC signal by asserting it high and moves to the next non-K28.5
symbol, which is the ILA phase, in case of any error the synchronization fails and the link stays in

CGS phase.
® The Subclass type of the transmitter device determines the start of next phase, as follows:

B Subclass 0: The transmitter on receiving the deactivated ~SYNC signal from the receiver,
continue transmitting the /K/ symbols until the start of next frame and from next frame it

transmits the ILA sequence.
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B Subclass 1: The transmitter on receiving the deactivated ~SYNC signal from the receiver
continues transmitting the /K/ symbols until the next LMFC boundary. The transmitter

transmits the ILA sequence on the chosen LMFC boundary.

The following two figures represent flow of the synchronization process:

Transmitter(s) Receiver(s)

A

sync_request

SYNC
1K28.5/
™ DATA__|
synchronized
SYNC
Wait for rising edge of |4~
frame clock
Li
send initial lane
alignment or user data
'\-\.\____H_h
DATM decode data

check synchronization

Figure 8. Synchronization process for Subclass 0
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Transmitter(s) Receiver(s)

sync_request -
f,_,SYNC//
1K28.5/
H‘“DATA\
synchronized
SYNC
Wait for rising edge of |4
LMFC
\i
send initial lane
alignment
“--..._‘_‘_‘_‘_H-
DATA
| decode data

check synchronization

Figure 9.Synchronization process for Subclass 1

3.4.2.2.2 Initial Lane Alignment (ILA)

The Lane synchronization is done using Initial Lane Alignment (ILA) sequence

The ILA phase begins after SYNC signal is asserted high.

In the ILA phase there are a minimum of 4 multi-frames and up-to 256 multi-frames containing

the alignment symbols and other character symbols.
A multi-frame is defined as a group of K successive frames
ILA symbols are always transmitted without scrambling, even if the scrambling is enabled.

After the CGS phase the first non-/K28.5/ symbol marks the start of frame, if the transmitter emits
an ILA sequence the first non-/K28.5/ symbol is /K28.0/ know as /R/ character.

The first four multi frames consist of the following:
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B Multi frame 1: The MF 1 starts with an /R/ character [K28.0] which represents the start of
sub-sequence and ends with an /A/ character [K28.3] which represents the lane alignment

character.

B Multiframe 2: The MF 2 starts with an /R/ character followed by /Q/ character [K28.4] which
represents the start of the link configuration data, followed by link configuration data

parameters over 14 configuration octets and ends with an /A/ character.
B Multi frame 3: same as multi frame 1.

B Multi frame 4: same as multi frame 1.

The below figure represents in detail transmission of the ILA sequence frames.

4 Multi-frames

[
.-

> l K28.3 lane alignment character

K frames K frames i Kframes | K frames JESD204 link configuration data

- R - SPRES - 5 - PP - Sl - FolPEe -
A - T

Code Group Sync Initial Lane Alignment Sequence (ILA Sequence) User Data EI

Dx.y data symbol

K28.5 SYNC comma

K28.0 start of subsequence

EE (T

K28.4 start of link configuration data

Figure 10.Initial Lane Alignment Sequence

Signal Direction Bus Width Description
Name
tx_out_clk IN 1 Output clock from the PHY block
reset i IN 1 Active high reset
sync_n IN 1 Sync pulse from the receiver (Active LOW)
. Represents the state value for different
tx_state_i IN 2
- - phases
multi_frames_in_ila_i IN 8 Total Number of Multi Frames in ILA
lanes_in_use_i IN 8 Number of lanes being used
transceiver_reset_done IN 1 Tx_reset done from the PHY block
ila_over ouT 1 Indicates the end of ILA Phase
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cgs_ila_data_out ouT L*32 CGS_ILA Data out from each lane
cgs_ila_charisk_out ouT L*4 CGS_ILA Char out from each lane
somf i IN 4 Start Of Multi frame Indicator
eomf_i IN 4 End Of Multi frame Indicator
Configuration Octets parameters
F_i IN 8 Number of Octets per Frame
K_i IN 5 Number of Frames per Multi frame
DID_i IN 8 Device/Link identification Number
ADJCNT _i IN 4 Used only in Subclass2
BID i IN 4 Bank ID, this is the extension of the DID
ADJDIR_i IN 1 Used only in Subclass2
PHADJ_i IN 1 Used only in Subclass2
SCR i IN 1 Indicates whether §crambling is enabled or
- disabled
L1 i IN 6 Number of lanes per converter device
LID_i IN 5 Number of lanes per converter device
M1 i IN 9 Number of converters per device
CS_i IN 2 Number of control bits per sample
N_i IN 6 Converter Resolution
Nt_i IN 6 Total Number of bits pert sample
Subclass version of device
® (000 - Subclass
SUBCLASSV_i IN 3
® (001 - Subclassl
® (010 - Subclass2
Version of JESD
JESDV_i IN 3 ® (000 - JESD204A
® (01-JESD204B
S i IN 6 Number of samples S;Lconverter per frame

Page 37 of 161




JESD204b IP Design Document

logic fruit

Technologies

HD i IN 1 High Density Format

Number of control words per frame clock

CFl N > period per link
RES1 i ouT 8 Reserved Field 1
RES2_i ouT 8 Reserved Field 2

Table 6. CGS ILA module 1/0 signals description

3.4.2.3 Frame Boundary Generator

® The frame boundary indicator module generates the frame boundaries named as sof, eof, sofm

and eofm and detects the sysref signal for subclass 1

® |[tisresponsible for Multichip synchronization using subclass 1

® Detection of Sysref signal

For Subclass 1 the sysref signal is distributed to all the devices in the system, this can be a

periodic signal or a pulse signal

Sysref signal is synchronized with respect to the PHY TX clock and rising edge detection is

done to know whether it is periodic or a pulse signal

On the rising edge of every sysref the number of octets per multiframe should be four or
zero so that the sysref is aligned to the LMFC clock, in case there is any mismatch then the

sysref alaram is raised high.

® Generation of frame boundary signals:

The frame boundary signals are dependent on the number of octets in a frame (F) and

number of multiframes (K).

The Sysref, Octets per Frame, Frames per Multiframe are programmed through Register

Interface.

This module is responsible to generate all the timing signals required for the IP
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tx_out_clock sof_o
»
transceiver_reset_dane_i eof_o N
} »
sysref | E B q somf_o
r 4 >
octets_per_mf i rame Boundary eomf o
—> Indicator >
sysref en_i sysref_captured o
» >
sysref_oneshot_enaple_i sysref_alarm_o
> >
Figure 11. Frame Boundary Block
Signal Direction Bus Width Description
tx_out_clk IN 1 Output clock from the PHY block
reset_i IN 1 Active high reset
F i IN 8 Number of Octets per Frame
K i IN 5 Number of Frames per Multi frame
octets_per_mf_i IN 13 Number of Octets per Multi frame
transceiver_reset_done IN 1 Tx_reset done from the PHY block
eof o ouT 4 End Of Frame Indicator
sof o ouT 4 Start Of Frame Indicator
somf_o ouT 4 Start Of Multi Frame Indicator
eomf o ouT 4 End Of Multi Frame Indicator
sysref i IN 1 Syref from JESD interface
1 =Subclass 1
sysref_en_i IN 1 0 = Subclass0
1 = Sysref one shot mode enabled
sysref_oneshot_enable_i IN 1 0 = Sysref periodic mode enabled
sysref_alarm_o OUT 1 Indicates any mlsmach between
Sysref and Local Multiframe clock
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(LMFC)

sysref captured o ouT 1 Sysref Status Signal

Table 7. Frame Boundary Indicator I/0 signals description

3.4.2.4 Scrambler

® The scrambler module, based on the scramble enable signal, transmits the scrambled data or

else the original data
® The scramble enable signal is disabled for the CGS and ILA phase.

® The polynomial used for scrambling the data is 1 + x** + x**

tx_out_clock
A

>
transceiver_reset_dane_i
~ data_out

scram_en_i -] Scrambler >
data_in
>
Figure 12. Scrambler module 1/0 signals
Signal N . A
Direction Bus Width Description
Name
tx_out_clk IN 1 Output clock from the PHY block
reset i IN 1 Active high reset
scram_en i IN 1 Enable signal for scrambler
data_in IN 32 Input for the scrambler
data_out ouT 32 Scrambled data out on lane

Table 8. Scrambler module 1I/0 signal descriptions
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3.4.25 Character Replacement

The character replacement module monitors the alignment characters in the transmitted data stream

and do corresponding character replacement based on frame and multi frame boundaries in data

transmission phase and can be by-passed in CGS and ILA phases.

In the data phase, frame alignment is monitored with control characters.

Character replacement is used at the end of frames since there is no additional overhead to

accommodate data or frame alignment during the data phase.

Character replacement allows an alignment character to be issued at a frame boundary “if and

only if” the last character of the current frame may be replaced with the last character of the last

frame, facilitating confirmation that the alignment has not changed since the ILAS sequence.

Character replacement depends on whether scrambling has been enabled or disabled.

When scrambling is disabled, the character replacement occurs as follows:

If the last octet of the current frame, which is not coinciding with the end of a multi-frame,
is equal to the last octet of the previous frame, then the transmitter shall replace the current

last octet and encode it as the control character /F/ = /K28.7/.

If the last octet of the current frame, which coincides with the end of the multi-frame, equals
the last octet in the previous frame, then the transmitter shall replace the current last octet

and encode it as the control character /A/ = /K28.3/.

On receiving the /F/ or /A/ symbol, the receiver replaces it with the value of the octet used

at the same position in the previous frame.

When scrambling is enabled, the character replacement occurs as follows:

If the last scrambled octet of the current frame, which is not coinciding with the end of a

multi-frame, is equal to OxFC, the transmitter shall encode it as a control character /F/.

If the last scrambled octet in a multi-frame equals 0x7C, the transmitter shall encode it as a

control character /A/.
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B Upon receiving an /F/ or /A/ symbol, the receiver shall input the corresponding data octet

OxFC or 0x7C to the descrambler.

tx_out_clock‘

>

transceiver_reset_done_i

. . 7
lanes_in_use_i

scrambler_en i

A
»

char_replace_en_i

F_i

eof i

Y

eomf i

\ 4

data_in_non_ary i

Y

charisk_in_non_ary i

Ll

A"

>

Character Replacement

data_out_non_a‘[y_o

charisk_out_non_ary_o
A -

»~

Figure 13. Character Replacement I/0 signals

Signal Direction Bus Width Description
tx_out_clk IN 1 Output clock from the PHY block
reset_i IN 1 Active high reset
lanes_in_use IN 4 Number of Transceiver lanes in use
scrambler_en IN 1 Enable signal for Scrambling
data_txd IN L*32 Enable signal for character replacement
charisk_in IN L*4 Data out after character replacement
F IN 8 Number of Octets per Frame
K IN 5 Number of Frames per multi-frame
char_replace_en IN 1 Enable signal for character replacement
eof IN 4 End Of Frame Indicator
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eomf IN 4 End Of Multi frame Indicator
char_replace_data_out ouT N*32 Data out after character replacement
char_replace_char_out ouT N*4 Indicator out for k character on the lane

Table 9. Character Replacement I/0 signal descriptions

3.4.2.6 Lane Mapping

®  The Lane mapping module maps the data in each lane.

® |t receives the input from character replacement block and transmits the output to the 8b/10b

encoder module

tx_out_clock

lanes _in_use i

mapped_data_tx_in |

»
T
[
y
»

mapped_char_tx_in_i

A 4

Lane Mapping

phy_tx_data

A 4

phy_tx_charisk %

Figure 14. Lane Mapping 1/0 signals

Table 10. Lane Mapping I/0O signal description

Signal Direction Bus Width Description
tx_out_clk IN 1 Output clock from the PHY block
lanes_in_use_i IN 8 Number of lanes connected to the receiver
mapped_data_tx [31:0] IN L*32 data in from the character replacement
mapped_char_tx [3:0] IN L*4 char in from the character replacement
phy tx_data [31:0] ouT L*32 Data transmitted on lane after mapping
phy_tx_charisk [3:0] ouT L*4 Indicator for K character in transmitted data

after mapping on lane
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3.4.2.7 TX Gear Box

e This module is used to handle the CDC between the data received from the Transceiver and the

data processed inside the JESD204B TX IP.
e The FIFO module is used to take care of the clock domain crossing, where the write clock is the

device clock from the LMK and read clock is the transceiver clock for each lane.
3.4.3 Physical Layer

e JESD204b Physical layer includes Elitestek PMA and PCS Blocks.

e The PMA IP supports 20-bit data width. Maximum serial data rates support up to 5Gbps.

o Elitestek PMA example design contains 8b10b Encoding and PMA initialization blocks. The
same example design will be used for the JESD204b Physical layer.

e Following block diagram gives an overview of the example design of Elitestek TX PMA IP

Elitestek PMA IP TX Example design
ck_100 p i l clk_10C_n
APE Clocy _
<::> AP3 raw_In_wragper
txp_out N | Q0 ‘ raw_ix_w-apper
— TX Clock ol {44'hD, txd_out}
qo |PMAP " o
L O [DuT] B4-hit ity pPCsS (reser raw_bi_ary_init_sag | ™59 o
¢ < £ BECE encoder ibi ! B
- V4 Virapper < il v !
/
B =20bis — > ClockPalh Elitestek IP
—» Daz Path

Figure 15. Elitestek PMA IP TX example design

3.4.3.1 Physical coding sublayer (PCS)

e The PCS module includes the 8b/10b encoder block.

e The 8b/10b encoding module encodes the 8-bit octets into 10-bit symbols depending on the

running disparity value (RD+/-)

e The encoding enables many bit transitions which are needed for the clock data recovery at the

receiver end.
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3.4.3.2 Elitestek TX PMA IP

e The Elitestek TX PMA block consists of timing FIFO, timing flipflop, and byte serializer.
e It supports only the FIFO mode

e The TX PHY initialization depends on the transceiver power state of request and
acknowledgment

e The following FSM state diagrams describe the different states of Elitestek TX PHY initialization

,/R\ init_done

PHY_DONE_INIT

\/

xcvr_power_state_ack
qX_pma_ r.mn | ready Xer_power_state_ack T)(RX active

n “*' Xour_power_state ack Pawerdmvnz
xcw pHcIk &n_ack = Pawerdown2 pma_x swgna\ de1ect
12“5 54ns delay
delay
\
e
\

52us
delay

‘ 200ns de\ay \ | \

n PRE_INIT DONE
.‘

\/

|
REQ_PSTATE A2

WA

Figure 16.FSM state diagram of Elitestek TX PMA IP initialization

PSTATE_IDLE

\/

PLLCLK_EN

i

REQ_PSTATE_AD
\

/

Signal Direction Bus Width Description
Reference clock IN 1 On board reference clock to the PHY block
sys_reset_i IN 1 System reset
tx_out_clk ouT 1 Output clock from the PHY block
reset_done_o ouT L*32 Reset done signal from the PHY block
txp ouT L Serial Differential signal out
txn ouT L Serial Differential signal out
txdata_in IN L*32 Data transmitted to the PHY block
txcharisk_in IN L*4 Indicator for K character in transmitted data

Table 11. PHY Block I/0 Signals

3.4.4 Transmitter Register Interface

The JESD204B TX core is configured using an AXl4-Lite Register Interface. The register map is shown

in below table.
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Offset Bits Mode Default Description
0x2 31:13 R 19'h0 Reserved
12:0 RW 13'h20 octets_per_mf_o
Number of octets per multi frame.
0x3 31:24 RW 8'hlc control_chars_R_o
ILA_CONTROL_CHARS_R
23:16 RW 8'h7c control_chars_A_o
ILA_CONTROL_CHARS_A
15:8 RW 8'9c control_chars_Q_o
ILA_CONTROL_CHARS_Q
7:0 RW 8'hbc control_chars_K_o
ILA_CONTROL_CHARS_K
0x4 31:24 RW 8'hfc control_chars_F_o
ILA_CONTROL_CHARS_F
23:16 RW 8'h55 DID_o
ILA_DID
15:12 RW 4'h0 ADICNT_o
ILA_ADIJCNT
11:8 RW 4'h0 BID_o
ILA_BID
7 RW 1'b0 ADIDIR_o
ILA_ADIDIR
6 RW 1'b0 PHADJ_o
ILA_PHADI
5 RW 1'b0 SCR_o
ILA_SCR
4:0 RW 4'h8 L1_o
ILA_L1
0x5 31:24 RW 8'hl M1_o
ILA_M1
23:22 RW 2'b10 CS_o
ILA_CS
21:17 RW 5'v01101 N_o
ILA_N
16:12 RW 5'v01111 Nt_o
ILA_Nt
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11:9 RW 3'b001 SUBCLASSV_o
ILA_SUBCLASSV
8:6 RW 3'b001 JESDV_o
ILA_JESDV
5:1 RW 5'h0 S_o
ILA_S
0 RW 1'b0 HD_o
ILA_HD
0x6 31:30 RW 2'b01 CF_o
ILA_CF
29:22 RW 8'h5a RES1_o
ILA_RES1
21:14 RW 8'ha5 RES2_o
ILA_RES2
13:0 R 14'h0 Reserved
0x8 31:1 R 31'h0 Reserved
0 RW 1'b0 reg_ip_reset_o
Reset the JESD204b IP.
0xD 31:1 R 31'h0 Reserved
0 RW 1'bl sub_class_o
0: backward compatible with JESD204a.
1: uses external reference signal SYSREF.
OxF 31:24 RW 8'h3 multi_frames_in_ila_o
Error counter for disparity errors received
in transceiver lines.
16 RW 1'b0 scrambling_o
0: Scrambler is disabled.
1: Scrambler is enabled.
13 RW 1'b0 prbs_en_o
0: Incremental data.
1: PRBS data.
12:8 RW 5'hif frames_per_multiframe_o
Number of frames per multi frame.
7:0 RW 8'hl octets_per_frame_o
Number of octets per frame.
0x10 31:8 R 24'h0 Reserved

Page 47 of 161




logic fruit
JESD204b IP Design Document Technologies

7:0 RW 8'hff lanes_in_use_o

Number of transceiver lanes in use.

0x14 31:1 R 31'h0 Reserved

0 RW 1'b0 sysref_always_o

0 - LMFC counter aligns for every SYSREF
event.

1 - LMFC counter aligns only on the first
SYSREF event after
transceiver_reset_done and ignores all
the subsequent SYSREF events.

0x18 31:1 R 31'h0 Reserved

0 R 0 sysref_alarm_i

Indicates the misalignment between
LMFC and SYSREF.

Table 12. Transmitter Register Address Map

3.5 JESD204B Transmitter Hardware Testing Overview

3.5.1 Hardware Testing Block Diagram

JESD204B IP Transmiter Testing
Elitestek FPGA DAC38JB4EVM
Host
| _ A SRl FPGA Clk
PC UARTAP Conroller | i —r
FPGA Sysref| LMKD4E28

b =
Pattern
Memory
ERAM

F ———> Oscillescope
M DAC Clk DAC Sysref
TX-out FPGA (G
Clk Clk
e —
JESD204B Elitestek
AX-Mester ——> Ty |P " pcsepma DAC3BIEL
C |OC5 T Reference ‘
Clk
Data

Figure 17. JESD204B IP Transmitter Testing Block diagram
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3.5.2 1/O signal Description
Signal
Direction Bus Width Description
Name
clk_100_p IN 1 Positive differential reference clock
clk_100_n IN 1 Negative differential reference clock
clk_25 IN 1 On-board system clock
sys_reset IN 1 On-Board reset
uart_tx ouT 1 UART TX signal
uart_rx IN 1 UART RX signal
txp ouT L Transceiver positive transmitter signal
txn ouT L Transceiver negative transmitter signal
tx_sysref IN 1 LMK sysref clock to FPGA p/n
tx_sync IN 1 Sync signal from the DAC
dac_sck ouT 1 SPI clock
dac_sdo ouT 1 SPI data output
dac_sdi IN 1 SPI data input
dac_cs ouT 1 SPI chip select for DAC
Imk_cs ouT 1 SPI chip select for LMK

Table 13. JESD204B RX application /0O signal description
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3.5.3 Block Description

3.5.3.1 SPI controller

The SPI controller module is used for programming the registers in the DAC evaluation board,
which includes the DAC and clock generator (LMK) registers,

The chip selects signal Imk_cs and dac_cs are used to select between the DAC or clock generator
block registers.

For the JESD link up, the DAC and clock generator must be programmed.

3.5.3.2 Pattern Memory

The data samples which are sent to the DAC are fed to the pattern memory block using UART.
These samples are continuous sinusoidal waves of fixed sample generated using Matlab/Octave
software.

These samples are stored in a Block RAM in the pattern memory module.

On JESD link up, the samples in the Block RAM are played continuously on the DAC.

3.5.33 UARTIP

The UART modaule is used for the user control interface
The dynamic programming of the JESD204B IP Registers is done through the UART interface
The configuration of the DAC registers sent through SPI is done through the UART interface

The samples are fed to the pattern memory block through UART interface

3.5.3.4 AXI Master

The AXI-Lite master module will be used for the configuration of the register interface required
for programming the register set of JESD204B RX IP

This register set configuration is must for the link up of JESD204B IP.

3.6  TX Resource Utilization

e The following resource utilization is done for the JESD204B TX Link layer, Transport layer,

Physical layer, and Application layer
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Modules Resources
LUTs FFs SRLs ADDs RAMs DSP/MULTs

JESD204B TX link
layer 3956 5793 17 229 0 0
Transport layer 123 128 0 0 0 0
Physical Layer 1191 1208 0 164 32 0
Application layer | 2598 2084 75 366 32 0
TX_top_module 7868 9213 92 759 64 0
Available 362880 362880 67200 362880 2688 1344
Utilization % 2.168209877 | 2.53885582 | 0.136904762 | 0.209160053 | 2.380952381 | O

Table 14. TX Resource Utilization
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4 JESD204B Receiver Core
4.1 Receiver IP Block Diagram
JESD204B Receiver
Reference JESD204B Transport Layer ‘
clock
Axi Stream Data
RX 40-bit 40-bit 32 b 30-bit 32-bit 32-bit 32-bit 32-bit 32- bi 32-bit
> L SR il / i /
—  PMAIP /| word aligner  / ity Gear Box / ].an.e f—> M!lIhLane s CGSILA il Descrambler Tripint
» 4, decoder / Mapping | / | Alignment | _ __,JReplacement _ 4] _,  Layer
Recovered — ’ . = ] . Deviceclock
Recovered Recovered clock Device clock Device clock Device clock Device clock Device clock
clock clock
Register AX) Clock
sys_ref signal Device clock| Test Pattern g —
- 7 Frame R State —|  Checker Interface
Device clock| Boundary —— . |syncsignal o F
e Machine 5 AX4 Lite
Generator == Configuration
Device clock Interface AXI Clock
AXl4 Slave ——
Physlical Link Layer EEsnzms Link Layer Rx IP | JESD204B Register Interface ‘

Elitestek IP

LFTIP

Control Signals Clock Data

Figure 18. JESD204B Receiver Block Diagram
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4.2 Receiver IP 1/O signal Description
Signal Name Direction Width Description
Clocks and Resets
refclk_p IN 1 Positive differential reference clock
refclk_n IN 1 Negative differential reference clock
sys_reset_i IN 1 On board system reset
Transceiver signals
rxp_in IN 1 Transceiver positive receiver signal
rxn_in IN 1 Transceiver negative receiver signal
JESD204B control signal
rx_sysref i IN 1 LMK Sysref control signal to the RX IP
rx_sync_o ouT 1 Sync signal from the RX IP
Transport layer input signals
rx_aresetn_o ouT 1 Active low reset signal to the snapshot module
rx_tdata_o ouT 32*L Output data from the RX transport layer
rx_tvalid_o ouT 1 Valid signal from the transport layer

Start of frame signal from the frame boundary

rx_sof o ouT 1
generator module
Start of multi frame signal from the frame boundary
rx_somf o ouT 1
generator module
End of frame signal from the frame boundary
rx_eof o ouT 1

generator module
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rx_eomf_o

ouT

End of multi frame signal from the frame boundary

generator module

AXI-Lite Interface Signals

rx_s_axi_aclk_i

AXI Lite register interface clock

rx_s_axi_aresetn_i

AXI Lite register reset signal

rx_s_axi_awaddr_i

32

Write address. Specifies the address of the first transfer
in the write burst transaction. Associated control signals
determine the addresses of remaining transfersin a

burst

rx_s_axi_awprot_i

Write protection type. This signal indicates the privilege
and security level of the transaction, and whether the

transaction is a data access or instruction access.

[0] — Privileged or Unprivileged

[1] — Secure or Non-secure

[2] — Instruction or data access

This feature is not supported and must be driven to 3'h0.

rx_s_axi_awvalid_i

Write address valid. This signal indicates that the channel
is signaling valid write address and control information.
Address and control information remains stable until
awready signal is high.

0: Address and control information not valid.

1: Address and control information valid.

rx_s_axi_awready_o

ouT

Write address ready. Indicates that the slave is ready to
accept the address and associated control signals.
0: Slave not ready
1: Slave ready

rx_s_axi_wdata_i

32

Write Data.

rx_s_axi_wstrb_i

Write strobes. This signal indicates which byte lanes hold
valid data. There is one write strobe bit for every eight

bits of the write data bus.
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rx_s_axi_wvalid_i

Write valid. This signal indicates that valid write data and
strobes are available.
0: Write data and strobes not available.
1: Write data and strobes available.

rx_s_axi_wready_o

ouT

Write ready. Indicates that the slave can accept write
data.
0: Slave not ready
1: Slave ready

rx_s_axi_bresp_o

ouT

Write response. Indicates status of write transaction

This signal indicates an error if the data phase ID does
not match the address phase ID. For example, if AWID =

0 and WID! =0, the controller responds with bresp error.

rx_s_axi_bvalid_o

ouTt

Write response valid. Indicates that valid write response
is available.
0: Write response not valid.
1: Write response valid.

rx_s_axi_bready_i

Response ready. This signal indicates that the master can
accept a write response.
0: Master not ready
1: Master ready

rx_s_axi_araddr_i

32

Read address. Gives the initial address of the read burst
transaction, and control signals issued alongside the
address show how the address is calculated for the

remaining transfers in the burst.

rx_s_axi_arprot_i

Read protection type. This signal indicates the privilege
and security level of the transaction, and whether the
transaction is a data access or instruction access.

[0] — Privileged or Unprivileged
[1] — Secure or Non-secure
[2] = Instruction or data access
This feature is not supported and must be driven to 3'h0.

rx_s_axi_arvalid_i

Read address valid. This signal indicates that the channel
is signaling valid read address and control information.
Address and control information remains stable until
arready signal is high.

0: Address and control information not valid.

1: Address and control information valid.
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Read address ready. Indicates that slave is ready to
accept read address and associated control signals.
0: Slave not ready
1: Slave ready

rx_s_axi_arready_o ouT 1

rx_s_axi_rdata_o ouT 32 Read Data.

Read response. Indicates the status of the read
rx_s_axi_rresp_o ouT 2 transaction. Currently, the controller always responds

with rx_s_axi_rresp_o=0.

Read valid. Indicates that required read data is available
and read transfer can complete.
0: Read data not available.
1: Read data available.

rx_s_axi_rvalid_o ouT 1

Read ready. This signal indicates that the master can
accept a read data and response.
0: Master not ready
1: Master ready

rx_s_axi_rready_i IN 1

Table 15. JESD204B Receiver IP I/0 signal Description

4.3 Receiver IP Attribute Description

Table 16. JESD204B Receiver IP Attribute description

Attribute Description
NUMBER_OF_LANES(L) Indication of the total number of transceiver lanes used
JESD204B_IP_REV_NO JESD204B Revision number

Register Interface Parameters

OCTETS_PER_FRAME Number of Octets in a frame

FRAMES_PER_MULTIFRAME Number of frames in a multi-frame

OCTETS_PER_MULTIFRAME Number of octets in a multi frame

SUB_CLASS Type of Subclass
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MULTI_FRAMES_IN_ILA

Number of multi frames in an ILA

SCRAMBLING

Scrambler enable and disable selection.

SYSREF_ALWAYS

Periodic or one-shot reference signal

4.4 Receiver IP Functional Block Description

4.4.1 Transport Layer

® This block will map the decoded sample data to the required data format and recover octets from

data based on whatever mechanism is used before sending data from the transmitter.

® This is not a part of the JESD204B standard because different ADCs will follow a different

methods for sample mapping, so it varies from device to device.

® Depending on the ADC modes, the received data is mapped and sampled at the output

device_clk
rx_tdata
rx_tvalid
sample_data_in

adc_mode_select
—>

pattern_select

RX
Transport
layer

samples_out
—

samples_out_valid
_—=

Figure 19. RX Transport layer I/0 signals

Signal Direction Bus Width Description
device_clk IN 1 Receiver Clock
rx_tdata IN 128 Received Data
rx_tvalid IN 1 Received data valid
samples_out ouT 128 Mapped output data
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sample_out_valid

ouT

Mapped Output valid

adc_mode_select

ouT

ADC mode selection bits

Table 17. RX Transport layer I/O signal description

4.4.2 Link Layer

The Link Layer of JESD204B Receiver IP includes the following modules:

Lane Mapping

Multi lane alignment

CGS ILA

Frame boundary indicator
Character Replacement
RX state machine

Descrambler

4.42.1 Lane Mapping

The lane mapping maps the data received from the transceiver

The data assignment is done as per the number of lanes

recovered_clock

lanes_in_use i

»

phy_rx_data_i

phy_rxcharisk i "

»

RX Lane Mapping

mapped_data_ogt

»

mapped_charisk _out

A .
»

Figure 20. RX Lane Mapping 1/0O signals
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Signal Direction Bus Width Description

recovered_clock IN 1 Recovered clock from the PHY block
lanes_in_use_i IN 8 Number of lanes connected to the receiver
phy_rx_data_i IN L*32 Received data from the transceiver
hy_rxcharisk_i IN L*4 Indicator for K character in received data
mapped_data_out ouT L*32 Mapped data out
mapped_char_out ouT L*4 Mapped char out

Table 18. RX Lane Mapping I/0O signal descriptions

4.4.2.2 Multi-lane alignment module

® The multilane alighment module receives the mapped input data and transmits the data on all

the lanes in an aligned manner.

® Onthe completion of the CGS phase, this module stores the data on all the lanes and releases the

data on the detection of the next LMFC rising edge.

® The ILA first sample data will be flushed out of this block from all the lanes at the same time.

® This module implements the LMFC Buffer Required for synchronization.

recovered_clock

device_clock

Y

reset_i

Y

lanes_in_use_i

state_i

Y VYY

data_in_lane_non_ary_i

charisk_lane_non_ary,

e 4

somf_i

Y Y

no_of octets in_m
A -

»
sysref_enable_i
— N

>

buffer_adjust_i ~

>

Multi lane alignment

data_out_buf_larle_no n_ary_o
»

charisk_out_buf lane_non_ary o

>
>

Figure 21.Multi lane alignment I/0 signals
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Signal Direction | Bus Width Description
recovered clk IN 1 Recovered clock from the PHY
block
device clk IN 1 Device clock derived from the
recovered clock
data_in_lane_non_ary_i IN L*32 Unaligned input data
charisk_lane_non_ary_i IN L*4 K Character indication for
unaligned data
data_out_buf_lane_non_ary_o ouT L*32 Aligned Output data
charisk_out_buf_lane_non_ary_o ouT L*4 K Character indication for aligned
data
state_i IN 2 State information from the state
machine
lanes_in_use_i IN 8 Number of lanes used
somf_i IN 4 Start of multiframe
no_of octets_in_mf i IN 11 Number of octets in a multiframe
sysref_enable_i IN 1 It indicates the sub-class
information
buffer_adjust i IN 13 Buffer adjust information

Table 19. Multi-lane alignment /0 signal description

4423 CGS ILA data detection module

® The CGS and ILA characters are detected in this module

® [t generates the flag cgs_over andila_over

® The cgs_over flag is generated after detection of four octets of /K28.5/ character
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® Theila_over flag is generated after the detection of four ILA multi-frames

device_clock

reset i

>

lanes_in_use_i

Ll

data_out_from_cgs_ila_rx_o

A -
>

charisk_out_from_cgs_ila_rx_o

-
>

state_i i cgs_over_io
: : CGS and ILA Detection >
data_in_lane_i
charisk_lane i ila_over_io R
multi_frames_in_ila_i "
B N jesd_lock_o
Figure 22. CGS and ILA Detection I/O Signals
Signal Direction Bus Width Description
device_clock IN 1 Device clock derived from the recovered clock
reset_i IN 1 Active high reset signal
lanes_in_use_i IN 8 Number of lanes used
state_i IN 2 RX states for different data phase
data_in_lane_i IN L*32 Input data to the CGS_ILA module
charisk_lane_i IN L*4 Input K Character indication
multi_frames_in_ila_i IN 8 Number of multi-frames
data_out_from_cgs ila_
ouT L*32 Output data from the CGS_ILA module
rx_o
charisk_out_from_cgs |l
ouT L*4 Output K Character indication
a_rx_o
Status flag for indication of CGS data phase is
cgs_over_io ouT 1
done
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ila_over_io

OouT

Status flag for indication of ILA data phase is

done

jesd_lock o

ouT

1 Status flag for indication of data phase to start

4424 RX State Machine

Table 20. CGS and ILA Detection I/O Signal description

The RX state machine defines the state of the JESD204B RX IP according to the received status

flag inputs.

The states defined are IDLE state, Start CGS state, ILA state, and Data state

The reset to the transceiver IP is generated from the RX state machine module

The RX comma alignment enable signal is asserted in the CGS state

® At the ILA state, the sync signal from RX is asserted as high

The transition of the states is shown in the FSM diagram below:

sysref_captured_i==1

DATA

Receiving

cgs_over_j==1
and
sysref captured i ==1

ila_over i==1

Figure 23. RX State Machine
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recovered_clock

A

. ~
device_clock
— |

reset_i

transceiver_reset_donge_i

>

ila_over_i

cgs_over_i

sysref_captured_i

RX State Machine

transceiver_reset_o
A

>

rx_state_o

3
»>
sync_n_o

A -
>

rxencommaalign_o

A
>

Figure 24. RX State Machine I/0

signals

Signal Direction Bus Width Description
recovered_clock IN 1 Recovered clock from the PHY block
device_clock IN 1 Device clock derived from the recovered clock
reset i IN 1 Active high reset signal
transceiver_reset_done_i | IN 1 Reset done signal from the PHY block
ila_over_i IN 1 Status flag for indication of ILA data phase is
completed
cgs_over_i IN 1 Status flag for indication of CGS data phase is
completed
sysref_captured _i IN 1 Indication for detection of sysref event in
subclass 1
transceiver_reset_o ouT 1 Reset input to the transceiver
rx_state_o ouT 2 RX state:
® (00-IDLE
® (01-CGS
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® 10-ILA

® 11 - Data acquisition

sync_n_o ouT

Sync signal out from Rx

rxencommaalign_o ouT

RX comma alignment enables signal

Table 21.RX state machine I/0 signals description

4.4.2.5 Frame Boundary Indicator

Refer to the Frame Boundary Indicator module in the Transmitter section.

4.42.6 Character Replacement

® The character Replacement module monitors the alighnment characters in the received data

stream and does corresponding character replacement based on frame and multi-frame

boundaries in the data acquisition phase and will be bypassed in the CGS and ILA phase

® Character replacement depends on whether scrambling has been enabled or disabled.

® When Scrambler is disabled, the procedure for character replacement is as follows:

B When the received control character is /A/, that equals 0x7C at the present end of the

frame and in the previous end, if there is a special character /A/ or /F/, then the present

octet needs to be replaced with the previous of previous end of frame data

B When the received control character is /F/ that equals OxFC at the present end of the

frame, then it needs to be replaced with the previous end of frame data

® When Scrambler is enabled, there won’t be any character replacement process since it will be

taken care of by the descrambler module
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device clock

= »

N L4

reset |
= »
”
lanes_in_use i

A 9

L

descram_en i
»

char_replace_rx_data_out_1d_array

»

L4

F RX Character Replacement
eof_| char_replace_rx_charisk_out_1d_array
»
Y
char_replace_rx_charisk_in_1d_array
>
char_replace rx_data_in_{ld_array
Figure 25. RX character Replacement /0 Signals
Signal Direction Bus Width Description
Device_clk IN 1 Device clock derived from the
recovered clock
reset i IN 1 Active high reset signal
lanes_in_use_i IN 8 Number of lanes inactive
descram_en _i IN 1 Indicates whether descrambler s
enabled or disabled
char_replace_en_i IN 1 Indicates whether Character
replacement is enabled or disabled
eof i IN 4 Indicates the end of the frame
F i IN 8 Indicates the total number of octets in
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a Frame
char_replace_rx_charisk_in_ 1 | IN L*4 Indication of K character on the input
d_array data
char_replace_rx_data_in_1d_ | IN L*32 Input data to the character
array replacement module
char_replace_rx_data_out_1d | OUT L*32 Output data after the character
_array replacement
char_replace_rx_charisk_out_ | OUT L*4 Indication of K character on the output
1d_array data

Table 22. RX character replacement I/0 signal description

4.4.2.7 Descrambler

® The descrambler module descrambles the incoming data based on the enabled signal.

® |nthe CGS and ILA phases, the descrambler is disabled

® |n the data acquisition phase, the descrambler is enabled. Based on the enabled signal, it

transmits original or descrambled data.

® The polynomial used for descrambling the data is 1 + x** + x*®

device_clk o
ks ~ data_out o
descram_en_i Descrambler »
data_in
Figure 26. Descrambler Block 1/0 signals
Signal Direction Bus Width Description

Page 66 of 161




logic fruit

JESD204b IP Design Document Technologies
device_clock IN 1 Device clock derived from the recovered clock
reset_i IN 1 Active high reset signal
descram_en_i IN 1 Enable signal for descrambler
data_in IN L*32 Input to the descrambler module
data_out ouT L*32 Descrambled or original data to the output

Table 23. Descrambler Block /0 signal Description

4.4.2.8 RX Gear Box

e This module handles the CDC between the data received from the Transceiver and the data
processed inside the JESD204B RX IP.

e The FIFO module is used to take care of the clock domain crossing, where the write clock is the
recovered clock from the transceiver for each lane, and the read clock is the device clock from

the LMK.

4.4.3 Physical Interface

e JESD204b Physical layer includes Elitestek PMA and PCS Blocks.

e The PMA IP supports 20-bit data width. Maximum serial data rates support up to 5Gbps.

e Elitestek PMA example design contains 8b10b Decoding, word Alignment, and PMA
initialization blocks. The same example design will be used for the JESD204b Physical layer.

o The following block diagram gives an overview of the example design of Elitestek RX PMA IP
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Elitestek PMA IP RX Example design
1 clk_100 o l ck_ 100 n
APB Clck
= TIW_X_VilEpoer
rXp_In <—:|| p APE PCS
e | Q| 20-bil 169t |
B 0 | PMAP | gt / were i #bi10p i RX
— } T > aligner / decoder '/ checker
/ QO_LC_RXNBH 0] /
Irecovered [cl
ClockPath Elitestek IP

B = 2D-bits —» [aaPsth

Figure 27. Elitestek PMA IP RX example design

The below diagram represents the RX valid data capture window

XCVR_POWER_STATE_ACK A2 ¥Idle¥ AO

RX_SIGNAL_DETECT ~

\\

X_cr_ceinit

S t|';<74.:r7nomit

RX Read Clock recovered data

J L The PCS forces data to all zeros (blank)

during clock path training and early data
path training.

There is a 200 ns to 500 ns period
where unrecovered data is presented.

Figure 28.CDR Recovered Data window

4.4.3.1 Physical coding sublayer (PCS)

e The PCS module consists of the word aligner and 8b/10 decoder blocks
e The data received from the PMA IP is aligned using the word aligner block and passed to the

decoder block.
e The 8b/10b decoding module receives the encoded data as input, recovers the clock from serial
data, and decodes the encoded data.
4.4.3.2 Elitestek RX PMA IP

® The Elitestek RX PMA block consists of a timing flipflop, FIFO, and byte deserializer.
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® The PMA RX block has two different modes of operation: FIFO mode and register mode.

® The FIFO path has extra latency but better timing, and the Register mode has lower latency with

timing closure

Signal Direction Bus Width Description

clk_100_p IN 1 Onboard differential reference clock to the PHY
block

clk_100_n IN 1 Onboard differential reference clock to the PHY
block

sys_reset_i IN 1 System reset

recovered_clock ouT 1 Output clock from the PHY block

reset_done_o ouT 1 Reset done signal from the PHY block

rxn_in IN L Serial Differential signal in

rxp_in IN L Serial Differential signal in

rxdata_out ouT L*32 Data received on lane:- N

rxcharisk_out ouT L*4 Indicator for K character in received data on lane-

Table 24. PHY Block I/0 Signals

4.4.4 Receiver Register Interface

The JESD204B RX core is configured using an AXI4-Lite Register Interface. The register map is shown

in the table below.
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Offset Bits Mode Default Description
0x1 31:12 R 20'h0 Reserved
11 R 1'b0 prbs_error_flag_i
1: thereis an errorin PRBS data.
0: No error in PRBS data was received.
10:0 R 0 Reserved
0x2 31:13 R 19'h0 Reserved
12:0 RW 13'h20 octets_per_mf_o
Number of octets per multi frame.
0x8 31:1 R 31'h0 Reserved
0 RW 1'b0 reg_ip_reset_o
Reset the JESD204b IP.
0xD 31:1 R 31'h0 Reserved
0 RW 1'bl sub_class_o
0: backward compatible with JESD204a.
1: uses external reference signal SYSREF.
OxF 31:24 RW 8'h3 multi_frames_in_ila_o
Error counter for disparity errors received in transceiver
lines.
16 RW 1'b0 scrambling_o
0: Scrambler is disabled.
1: Scrambler is enabled.
15 RW 1'b0 prbs_en_o
0: Incremental data.
1: PRBS data.
14 RW 1'b0 prbs_sync_o
Toggle this bit to reset the error flag.
12:8 RW 5'h1f frames_per_multiframe_o
Number of Frames in a multi-frame.
7:0 RW 8'hl octets_per_frame_o
Number of Octets per frame.
0x10 31:8 R 24'h0 Reserved
7:0 RW lanes_in_use_o
Number of transceiver lanes in use.
0x11 31:13 R 19'h0 Reserved
12:0 RW 13'h0 buffer_adjust_o
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0x14 31:1 R 31'h0 Reserved
0 RW 1'b0 sysref_always_o
0 - LMFC counter aligns for every SYSREF event.
1 - LMFC counter aligns only on the first SYSREF event
after transceiver_reset_done and ignores all the
subsequent SYSREF events.
0x18 31:3 R 29'h0 Reserved
2 R sysref_alarm_i
Indicates the misalignment between LMFC and SYSREF.
1 R sysref_captured_i
0 R 1'b0 Reserved

Table 25. Receiver Register Address Map

4.5 JESD204B Receiver Hardware Testing Overview

45.1 Hardware Testing Block Diagram

Signal
Generator

Clock

—
Data
—_—

JESD204B IP Receiver Testing

AFES8JD28

FPGA Clk
Sy

Clock Generator
(LMK0482x)  |FPGA Sysref
——>

— > apcck ADC Sysref M

AFE58JD28

IFPGA Cli¢
[——=c

Elitestek FPGA

Host
UART IP PC

Snapshot
upload
(FIFO)

Recovered
| ok ;
Elitestek JESD204B
O | RX IP ———  AXl-Master
T Reference
Clk

Figure 29.JESD204B IP Receiver Testing Block diagram
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4.5.2 1/0O Signal Description
Table 26. JESD204B RX application I/0 signal description
Signal Direction Bus Width Description
clk 100 p IN 1 Positive differential reference clock
clk_100_n IN 1 Negative differential reference clock
clk_25 IN 1 On-board system clock
sys_reset IN 1 On-Board reset
uart_tx ouT 1 UART TX signal
uart_rx IN 1 UART RX signal
rxp IN L Transceiver positive receiver signal
rxn IN L Transceiver negative receiver signal
sysref_p IN 1
LMK sysref clock to FPGA p/n
sysref_n IN 1
adc_sync_ab_p ouT 1
adc_sync_ab_n ouT 1
SYNC signal from FPGA to ADC
adc_sync_cd_p ouT 1
adc_sync_cd_n ouT 1

Table 27. JESD204B RX application /0O signal description

4.5.3 Block Description

4.5.3.1 Snapshot upload

e The Snapshot upload module contains a FIFO of fixed size (64k samples) to store the incoming
data.
e When the user requests data, the JESD204b Rx IP data is captured in this block and uploaded to

the host machine using UART.
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e This block cannot stream the data continuously. It is used only to analyze data from fixed

samples.

4532 UARTIP
e The UART module is used for the user control interface
e The dynamic programming of the JESD204B IP Registers is done through the UART interface.

4533 AXI- Master

e The AXI-Lite controller module will be used for the configuration of the register interface
required for programming the register set of JESD204B RX IP

e This register set configuration is necessary to link up JESD204B IP.

4.6 RX Resource Utilization

e The following resource utilization is done for the JESD204B RX Link layer, Transport layer,

Physical layer, and Application layer

Modules Resources
LUTs FFs SRLs ADDs RAMs DSP/MULTs

JESD204B RX link layer | 4214 7903 0 237 288 0

Transport layer 460 396 0 0 0 0

Physical Layer 5361 4366 0 256 64 0
Application layer 1,875 1,950 76 313 256 0
TX_top_module 11910 14615 76 806 608 0

Available 362880 362880 67200 362880 2688 1344
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Utilization % ‘ 3.28207672 ‘ 4.027502205 | 0.113095238 ’ 0.222111993 ‘ 22.61904762 | O

Table 28. RX Resource Utilization
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5 JESD204B Transmitter and Receiver Clocking Architecture

The below clock tree shows the JESD204B Transmitter and Receiver clocking scheme.

DAC/ADC

Elitestek EVM board

—»TX_OUT_CLK

h 4

PHY IP RX_OUT_CLK
(recovered clock)

EVM Reference
clock
Sysref
LMK
Device clock

> Test Design

Link Layer x
AXI clock/APB clock = 50MHz

PLL
A

Elitestek FPGA

On Board
Oscillator

Figure 30.JESD204B IP clock tree

The table below describes the JESD204B Transmitter and Receiver clock signals

Clock Signal Description

Reference clock Differential reference clock as an input to the Transceiver

Sysref Clock signal used for synchronization of the clocks and other
parameters in DAC and ADC

Device clock The link layer operates at this clock. The frequency is the same
as the transceiver output clock

TX out clock The transceiver TX output clock

RX out clock Recovered clock from the transceiver

AXI clock The test application modules operate at the AXI clock.

Table 29.

RX Clock Signals description
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6 JESD204B Simulation

6.1  Simulation Architecture
The following block design describes the simulation flow for testing the JESD204B TX and RX

Design with the Elitestek PMA IP.

tb_top

< Sysref_gen
JESD TX Link and g X_p > JESD RX Link and
Transport Layer PMA IP Transport Layer

—————tx n rx_n

—>
sync_i
Pattern Generator Pattern Checker
Simulation of JESD204B Transmitter and Receiver Link and Transport layer

Figure 31. Simulation architecture for the JESD204B Link and Transport Layer

6.2 Block Waveform Captures

The simulation is done for the following JESD204B configuration:

* Number of Lanes =4
*  Number of octets (F) =2 (0,1)
*  Number of Frames per multi-frame (K) =32 (0,1,2....31)
*  Number of Octets per frame =F x K =64
6.2.1 JESD204b TX
» Pattern Generator module
The pattern generator module is instantiated in the test bench top module (tb. v) and generates

the incremental data
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» Sysref Generation module
The sysref generator module is instantiated in the test bench top module (tb. v) and generates

the sysref signals in terms of pulses for subclass 1

» TX State module

The below waveform describes the transition of different states concerning the control signal.

r_i 04k_1FE_£x_| r_inst 204h_1TE_tx_wrapper_inst.j
I 0 00 0O 0O O O 0 R A
O O 0 0 0 0 O A

-
—

» TXCGS ILA Data

The below waveform represents the CGS and ILA data generated with respect to the states.

» TXlane mapping

The TX data is transmitted to the selected four lanes of the transceiver
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» TX Gear Box
The 36-bit data (32-bit data and 4-bit character indicator) is converted to 18-bit data (16-bit

data and 2-bit character indicator) and transmitted to the Physical layer.

6.2.2 JESD204B RX

» RX Gear Box
On the receiver end, the 18-bit data from the physical layer is converted to 36-bit data and

transmitted to the RX link layer.

> RXlane mapping

The 32-bit data received from 4 lanes are mapped to 128-bit for further processing.

> Multilane alignment
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In this module, the data is released when an R character is received on all the lanes for subclass

0 and for subclass 1 when an R character is received and an LMFC rising edge is detected.

» RX State module

The waveform below describes the transition in the RX states concerning the received control

signals.

Wrapper_tx_rx_dut $02040_tX_TX_Wrapper.J E£_r_Wrapper_inst 4b_LFE_tx_Tx_wrapper_inst.jesdzadb_LFE_ri_wr

> RXCGSILA data

The detection of CGS and ILA data concerning the states.

__dut_inst.gen_j| Wrapper_bx_rx_dut_inst.gen_jes anper 3 TX_Wrapper_inst . jesuzBah_IfL_Cx_Tx_WTADIST_LNst. Jesdz04b_LF t_rx_wrapper_inst.jesuzadn

(LR HIIHIHHHIIHIIHII\IIIHII\IHHIIHIIHII\Ii\II\IHHHIIIHIIHIIHIIHHI\IIIIIIIIHIHIIIHIIHIIHIIIHIIHIHII\II\IIIHIIIIIHIIHIIHIIHHI\IIIHII\I[

> RXout data

The output data is descrambled and transmitted to the Transport layer
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6.3 Simulation Steps

Simulation is done using the Quest Sim IDE in the Linux Environment
The following are the steps to run the JESD204B TX and RX simulation with PMA IP:

1. Go to the demo sim directory and execute the following to run the simulation:
a. Export the Questa Sim software by the command:
export PATH=/Disk_Drive/Software/Questa_sim-2023.4/questasim/bin:SPATH
b. Run the design using the command: make simgrun mode=FIFO
c. Once the simulation is run, to load the waveform, run the command: run the
visualizer &

d. Load the design.bin and wave.db file to check the waveforms
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7 Hardware Validation for JESD204B Transmitter with DAC
7.1 Hardware Validation Block Diagram
Host PC
l Elitestek T)-Series FPGA DAC38J84 EVM
Pa"?é;m’)““”’ < UART SPI Controller
FPGA Clk
100 Mhz
FPGAClk Device Clk
Transport Layer 100 Mhz 125Mhz | LMK04828
Device Clk FPGA Sysref
125 MHz 3.90 MHz
JESD204B Tx IP
e F
Sorambler  ——»| Rg;‘;:’;‘;;‘ L LaneMapping h— M »
c DAC CIk DAG Sysref
T > s 3| Elitestek PMA IP ) 250 MHz 3.90 MHz
- Fram Boway | s s Wasrie
? - DAGC38J84
FPGA Sysref

Figure 32. Hardware Validation Block Diagram of JESD204B Transmitter with DAC38J84 at 5 Gbps Line Rate

Host PC
Elitestek T)-Series FPGA
DAC38J84 EVM
Pattern Memory | - &
(BRAM) UART SPI

FPGA Clk

158,25 Mhz

FPGA Clk Device Clk

Transpart Layer 156.25 Mhz 3125 Mhz LMK04828
<
Device Clic FPGA Sysraf
31Z5MHz ptiabe |
JESD204B Tx IP ¥
PMA Clk
. 312,5 MH. F
haracter ——
Scrambler M Replacement || LaneMapping M
c DAC Cik DAC Sysref
3 ) e K PMA IP 625 MHz 458 MHz
T PCSIP = =
ccés ILA Bata Frame Boundary Tx Siate Machine
encrator Generator i
T } DAC38J84
FPGA Sysref
4.88 MHz

Figure 33: Hardware Validation Block Diagram of JESD204B Transmitter with DAC38J84 at 12.5 Gbps Line Rate

Note: For Detailed information on blocks, refer to section 3.5 (JESD204B Transmitter Hardware

Testing Overview)
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7.2 Test Set up of Elitestek Evaluation Board with DAC

7.2.1 Test Setup image

Figure 34. Test Setup of Elitestek Evaluation Board with DAC

7.2.2 Hardware Test Equipment

Following are the test set up equipments:

S.No. |Hardware Requirement for DAC Demo Quantity
1 Elitestek TJ375N1156X Eval board 1
2 Type A to Type C USB cable 1
3 12V - 6A Power Adapter 1
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4 DAC EVAL board 1

5 5V 3A power adapter 1

6 SMA Female connectors for DAC outputs 4

7 50-ohm terminations for DAC outputs 4

8 SMA to female header jumper cable 1

9 SMA to SMA cable 2

10 Scope probe 1

11 Some studs to make setup mechanically stable 20-25

12 Oscilloscope 1

13 Oscilloscope power cord 1

14 Laptop (should have Efinity 2024.2 and tcl installed in it ) 1

15 Laptop charger 1
Table 30. Hardware Requirements for JESD204B Transmitter Demo

7.2.3 Software Used

7231 LMK Tool

The LMK Tool version used is v1.7.7.6

This tool configures the LMKO04828 chip in the DAC evaluation board.

After selecting the LMK device, according to the required clock values, the user needs to

make the settings in the GUI and update the register set values in the tcl procs accordingly.

7.2.3.2 DAC GUI

The DAC GUI version used is 1.3.

This tool configures the DAC chip DAC38J84 and the JESD204B Rx Protocol on the DAC38)84

EVM.
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According to the required mode, the user must select the settings in the DAC GUI and

update the register set values in the tcl procs accordingly.

7.3 Test Procedure

7.3.1

1.

7.3.2

Hardware Connection Procedure

Connect TI DAC EVM (Tl DAC38)84 )with the Elitestek TJ-Series Evaluation (TJ375N1156X)
Board on the J14 FMC connector (Quad 3).

Connect host PC with Elitestek TJ-Series Evaluation Board via USB cable, which can be used

as UART and JTAG
Start the Oscilloscope and connect it with DAC EVM through SMA cables.
Open the Efinity Programmer and program the required bit file or Hex file.

To provide a 100MHz clock input to the DAC LMK, you can either connect the SMA cable
from the "J28" SMA connector of the ADC to the "J17" SMA connector of the DAC or supply
the clock from an external clock generator and connect it to the "J17" SMA connector of the

DAC.

If Clock is through ADC, make sure to upload the ADC configuration file for 100MHz LMK

output

TCL Script Sequence Test Procedure

1. The following steps to be followed for the installation of LFT TCL Software

i. Go to Control Panel -> Add / Remove Program -> Turn Windows Feature on or

off - > Enable.NetFramework 3.5
ii. Let it be downloaded from Windows Update

iii.  Copy LFT_TCL folder present in the path :
..\JESD204B_Porting_Efinix_REL 1 O\TCL_Software inside the C:\

iv. Install TcITk-8.3_for_N2X.exe

V. Install vcredist_x86.exe
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vi.  Run Win_Driver.bat (present in the path LFT_TCL\bin_USB_UART) as

Administrator to confirm the correct installation

2. There are two tcl files present inside the below path:
..JJESD204B_Porting_Efinix_REL_1_O\JESD204B_TX_DAC_Files\TCL_Script_Software\TCL
_Script:

i.  tclshrc.tcl: This TCL script contains the possible modes and is the main TCL script

used to run the possible test cases.

ii. jesd204b_tx_procs.tcl: This tcl contains the procs to configure LMK04828,
DAC38J84, LFT JESD204B TX IP.

3. Keep the tclshrc.tcl file in the path: C:\Users\user (Note: username can change from PC

to PC)

4. Make sure the jesd204b_tx_procs.tcl file is present in the path:
C:\LFT_TCL\bin_USB_UART

5. Inside the path C:\LFT_TCL\bin_USB_UART, there is a Ukko_init.tcl file, where we need

to set the baud rate and com port

Set the baud rate to 115200 and the com port according to the detected port.

set g_baudrate

Figure 35.Com port and Baud rate settings for DAC
Note: Initially, while setting up the tcl, the user needs to make these directories

6. Ensure all sample input data hex files for different modes are inside the path:
C:\LFT_TCL\bin_USB_UART. (These hex files are also separately present in the path
D:\Effinity\Release\JESD204B_Porting_ Efinix_REL 1 O\JESD204B_TX_DAC_Files\Sample

_input_data)

7. Open the TCL IDE from the start menu by default. The required TCL script is sourced
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8. The console will display 4 options to select the testing for the JESD204B Transmitter with

DAC or JESD204B Receiver with ADC. Select option 1 to test the JESD204B Transmitter
with DAC at 5 Gbps line Rate.

Figure 36.DAC TCL Consoleprints_1

9. The user must select the DAC test cases (Modes) and enter a number from 0 to 7 according

to the requirement.

Figure 37. TCL console prints_2
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10. The second input is the selection of the sub-modes,

i Selection of the mode ‘a’ is done when LMKO04828 is configured for the first time
after being powered up. This mode ensures that LMK04828 is configured so that
clocks are available to Elitestek PMA IP, as it requires clocks before bit file

configuration to generate the necessary PMA clocks.

ii. Selecting mode ‘b” will run the complete sequence required to link JESD204B TX IP
with the DAC and configure the pattern memory with data samples.

This mode runs the following procs in the order given below :

a. LMKO04828 Configuration

b. DAC38J84 Configuration

c. LFTJESD204B TX IP Configuration
d. LFTJESD204B TX IP Reset

e. DAC38)84 JESD204B RX IP reset
f.  JESD Lock Status checking

g. Clear DAC Alarms

h. Check DAC Alarms

i. Sending DAC Samples

j.  Selection of the frequency

Note: This mode should only be run after mode “a” has been run at least once after

powering up.

Figure 38.DAC TCL Console image_3

11. On selection of ‘a’, LMK gets configured.
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ration with PLL2

Figure 39.DAC TCL Console image_4

12. Reprogram the bit file after selection of the ‘a” mode or, in the case of the MCS file

programmed, power cycle only the Elitestek Evaluation Board

13. Select the ‘b’ option. This will display the JESD204B lock status and DAC errors

Phase. JESD204B IP is ready to send the data.

Figure 40.DAC TCL Console image_5

14. Select the input frequency

20 MHz
45 MHz
DAC MODES

Figure 41.DAC TCL Console image_6
15. View the output waveform on the oscilloscope.

For example, the input frequency is 10MHz,
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SeOW |BIILSA | Seal 3wl

-244 ns -194 ns -144 ns 944 ns 444 ns
— d— A— , d— - i
© 5000y [AN)s-56000ns (N0 > 1@ T < 1
B | Results: Measurements (Measure All Edges)

Measurement [ ﬁrnge (Max-Min) Count
Frequency(4) 99860377 MHz  9.9949868 MHz 99379940 MHz  10.060928 MHz  122.93476 kHz 61.954050 kH 3
@ Frequency(2) 99752215 MHz 10000917 MHz 99007004 MHz  10.105576 MHz  204.87651 kHz 42886957 kH 121

Figure 42.DAC output waveform for input frequency as 10MHz

7.4 Test Cases for 5Gbps

125 MHz
100 MHz LMKO04828
1000 MHz
250 ani 1000 MHz
hd A 4 v Y
Trigger UESD204B | | Elitestek TX . | bpac
Generation > TXIP > UESHEE ”| samplin

P Rx IP pling
- Serdes Clock = 5Gbps / 20 = 250 MHz
¢ DAC Sampling Clock = DAC Input Sampling Clock * Interpolation

= 250 * 4 = 1000 MHz

Figure 43: Block Diagram depicting Clock Architecture for 5 Gbps Line Rate

SerDes Clock = SerDes Rate / SerDes Data Width
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Chipset SerDes Rate SerDes Data width SerDes Clock
(Resolution after 8b10b)

LFT JESD204B TX 5 Gbps 40 bits 125 MHz

(Elitestek FPGA)

TI DAC38)84 5 Gbps 20 bits 250 MHz

Table 31. Elitestek Eval board and DAC Data rate Table

Serdes Rate = 5 Gbps

FPGA JESD204B Clock = 125 MHz

FPGA Reference Clock = 100 MHz

FPGA Sysref = 3.90 MHz

DAC Clock = 250 MHz

DAC Sysref = 3.90625 MHz

No. Of Frames per MultiFrame (K) =32

DAC Input sampling rate = SerDes Rate / (DAC Resolution after 8010b * No of converters in a single

lane)

DAC Output sampling rate = DAC Input sampling rate * Interpolation Factor

The following are the different modes of testing done for DAC:

Test | Modes | Interpolation | No. of DAC Input DAC Output LMK Sysref | PLL2
Case | (LMF) convertersin | Sampling Sampling Input
single-lane Rate (MSPS) | Rate (MSPS) Frequency
(MHz)
0 442 x1 1 250.00 250.00 Continuous | 100.00
1 442 x2 1 250.00 500.00 Continuous | 100.00
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2 442 x4 250.00 1000.00 Continuous | 100.00
3 244 X2 125.00 250.00 Continuous | 100.00
4 244 x4 125.00 500.00 Continuous | 100.00
5 244 x8 125.00 1000.00 Continuous | 100.00
Deterministic Latency Testing
6 442 x4 250.00 1000.00 Pulsed 100.00
Multiple Reset testing
7 442 X4 250.00 1000.00 Pulsed 100.00

Table 32. JESD204B Transmitter Test Cases for 5 Gbps
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7.4.1 Test Case 0 : LMF =442, x1 interpolation

7.4.1.1 Input Frequency = 10MHz

-250 ns -200 ns -150 ns -100 ns -50.0 ns
- | m— — o arensasV -V S
OiS0.0 ns/ [(WAJS\Jo.os < “m > @ £
Results: Measurements .

Range (Max-Min)

Frequency(2) 10.006387 MHz  9.9988254 MHz  9.8664237 MHz  10.074656 MHz 20823270 kHz 22486294 kH 86

Figure 44. TCO : Time domain 10 MHz output waveform for x1 interpolation, LMF = 442 mode

7.4.1.2 Input Frequency = 20MHz

dhed ]
Channel 2

Click a waveform in t
grid or right-click the
scale to change the

channel displayed.
-100 ns -80.0 ns -60.0 ns -40.0 ns -200 ns 60.0 ns

@0 [ O® ~ <9

Range (Max-Mim) | StaDev | Coumt |

20.778918 MHz  20.778880 MHz  20.763474 MHz  20.792957 MHz  29.483564 kHz 5.2208696 kH 397

Figure 45.TCO: Time domain 20 MHz output waveform for x1 interpolation, LMF = 442 mode
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7.4.1.3 Input Frequency = 120MHz

-100 ns -60.0 ns 400 ns 200 ns
e — —-— — =
o 20.0ns/ AIT\I0.0s < U > @ €a

Figure 46.TCO: Time domain 120 MHz output waveform for x1 interpolation, LMF = 442 mode
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130 kHz 12 M4z 25 MHz 37 MHz S0 MKz 63 MHz 75 MHz B8 MHz 101 Mz 114 MH:z
—
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»

Figure 47.TCO: Frequency domain 120 MHz output waveform for x1 interpolation, LMF = 442 mode
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7.4.2 Test Case 1: LMF =442, x2 interpolation

7.4.21 Input Frequency = 10MHz

-~

-134 ns -34 ns 66 ns 166 ns 266 ns 366 ns
e e
@ 0onsy AL CIBE66.30000ns (RJOI> 1@ T < 0
| Results: Measurements

Current | Min | Max Range (Max-Min) | Std Dev

Frequency(d) 10011184 MHz 99993583 MHz 97957766 MHz 10217056 MHz 42127946 kHz  35.862887 kH 780

Figure 48.TC1: Time domain 10 MHz output waveform for x2 interpolation, LMF = 442 mode
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® Peak 1 9.995 MHz -4.263 dBm

Figure 49.TC1: Frequency domain 10 MHz output waveform for x2 interpolation, LMF = 442 mode
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7.4.2.2 Input Frequency = 20MHz
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Figure 50.TC1: Time domain 20 MHz output waveform for x2 interpolation, LMF = 442 mode
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Figure 51.TC1 : Frequency domain 20 MHz output waveform for x2 interpolation, LMF = 442 mode
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7.4.2.3 Input Frequency = 120MHz
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Figure 53.TC1: Frequency domain 120 MHz output waveform for x2 interpolation, LMF = 442 mode
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7.4.3 Test Case 2 : LMF =442, x4 interpolation

7.4.3.1 Input Frequency = 10MHz

[ Range (Max-Min)

Frequency(2) 99871039 MHz 67187542 MHz 22737661 MHz 38947110 GHz  38.944837 GHz 3.6273207 G+ 19498

Figure 54.TC2 : Time domain 10 MHz output waveform for x4 interpolation, LMF = 442 mode

7.4.3.2 Input Frequency = 20MHz
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Megcyrements

Figure 55.TC2 : Time domain 20 MHz output waveform for x4 interpolation, LMF = 442 mode
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7.4.3.3 Input Frequency = 120MHz
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Figure 57.TC2: Frequency domain 120 MHz output waveform for x4 interpolation, LMF = 442 mode
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7.4.4 Test Case 3 : LMF = 244, x2 interpolation
7.4.4.1 Input Frequency = 10MHz
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Figure 58.TC3: Time domain 10 MHz output waveform for x2 interpolation, LMF = 244 mode
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Figure 59.TC3: Frequency domain 10 MHz output waveform for x2 interpolation, LMF = 244 mode
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7.4.4.2 Input Frequency = 20MHz
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Figure 60.TC3: Time domain 20 MHz output waveform for x2 interpolation, LMF = 244 mode
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Figure 61.TC3: Frequency domain 20 MHz output waveform for x2 interpolation, LMF = 244 mode
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7.45 Test Case 4 : LMF = 244, x4 interpolation
7.45.1 Input Frequency = 10MHz
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Figure 62.TC4: Time domain 10 MHz output waveform for x4 interpolation, LMF = 244 mode

@ 100 dBm/;-'ﬁ [-9.80 dBm 'Y-:-UT-A‘Q 3|
()

Seal [EIILAA | SeaW awiL

| . -
N ,
n&ldbuﬂd.%hﬂnLULJ I M‘Jduﬂ.jﬂlljﬂhufhldﬁtl Wt b e J.AlILUHLL‘LJL,;LJ‘“IJLAjA.LJL“]h.LJ!ULMJJILLLIJL..,'LJ;UJMJJHLLD.’[8948

100 kHz 6.3 MHz 12 MHz 18 MHz 25 MHz 31 MHz 37 MHz 43 MHz 50 MHz 56 MHz 62 MHz

start[100 kHz [ <> Istop/62.5 MHz [< > IcF31.3 MHz [<I> |span|62.4 MHz [V | A IRBW[50.0 kHz | \/\|
|Preset Mark Peaks T € 0
%) Results

Label Horizontal edx‘(al | Pop-up on}g_n}_ 1

® Peak1 9995 MHz  -4.372 dBm

Figure 63.TC4 : Frequency domain 10 MHz output waveform for x4 interpolation, LMF = 244 mode
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7.45.2 Input Frequency = 20MHz
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Figure 65.TC4 : Time domain 20 MHz output waveform for x4 interpolation, LMF = 244 mode
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7.4.6 Test Case5: LMF = 244, x8 interpolation

7.4.6.1 Input Frequency = 10MHz

f\/\f\f\f\/\/\f\/\

\/\e/éVw&

-500 ns -400 ns -300 ns -200 ns -100 ns

@ TDbo:  DOBI® 7 < 3]

Mean Min I | Range (Max-Min) Std Dev
62679 mV 625.067 mV 620.70 mV 63158 mV 10.88 mV 2550 mV
10017322 ns 100.029908 ns  99.53970 ns 100.74672 ns 1.20701 ns 215729 ps
99827078 MHz  9.9970556 MHz 99258818 MHz 10046242 MHz 12036064 kHz 21.508184 kH
30.20865 ns 29.715169 ns 26.79482 ns 3125896 hs 444384 ns 1.081242 ns

Figure 66.TC5: Time domain 10 MHz output waveform for x8 interpolation, LMF = 244 mode

7.4.6.2 Input Frequency = 20MHz

-50.0 ns 40 Ons -300 ns

= A
o [10.0 ns/ \/\ ~lo.os

| Results: Measurements 5 . : :

: Range (Max-Min) | Count
Vp-p2 644.66 mV 646.488 mV 640.94 mV .36 13 2.847 mV 119
Period(2) 2224919 ns 22.258654 ns 2201352 ns 22.79560 ns 782.08 ps 264.150 ps 119
Frequency(2) 44945450 MHz  44.932544 MHz  43.868111 MHz 45426623 MHz 15585117 MHz 526.78603 kH 119

Figure 67. TC5: Time domain 20 MHz output waveform for x8 interpolation, LMF = 244 mode
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7.5 Test Cases for 12.5Gbps

312.50 MHz
156.25 MHz LMKO04828
‘ 2500 MHz
625 MHzl 2500 MHz
A 4 v A 4 Y
Trigger JESD204B Elitestek o DAC DAC
G t. T ip A > JESD204B » ;
eneration Rx IP Sampling
* Serdes Clock = 12.5Gbps / 20 = 625 MHz
* DAC Sampling Clock = DAC Input Sampling Clock * Interpolation
= 625 * 4 = 2500 MHz
Figure 68: Block Diagram depicting Clocking Architecture for 12.5 Gbps
SerDes Clock = SerDes Rate / SerDes Data Width
Chipset SerDes Rate SerDes Data width SerDes Clock
(Resolution after 8b10b)
LFT JESD204B TX 12.5 Gbps 40 bits 312.5 MHz
(Elitestek FPGA)
TI DAC38J)84 12.5 Gbps 20 bits 625 MHz

Table 33. Elitestek Eval board and DAC Data rate Table

e Serdes Rate = 12.5 Gbps

e FPGA JESD204B Clock = 312.5 MHz

e FPGA Reference Clock = 156.25 MHz

e FPGA Sysref = 4.88 MHz

e DAC Clock =625 MHz
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DAC Sysref = 4.88 MHz

No. Of Frames per MultiFrame (K) =32

DAC Input sampling rate = SerDes Rate / (DAC Resolution after 8b10b * No of converters in a single

lane)

DAC Output sampling rate = DAC Input sampling rate * Interpolation Factor

The following are the different modes of testing done for DAC:

Test | Modes | Interpolation | No. of DAC Input | DAC LMK Sysref | PLL2

Case | (LMF) converters | Sampling | Output Input
in single- Rate Sampling Frequency
lane (MSPS) Rate (MHz)

(MSPS)

0 442 x1 1 625.00 625.00 Continuous | 100.00

1 442 x2 1 625.00 1250.00 Continuous | 100.00

2 442 x4 1 625.00 2500.00 Continuous | 100.00

3 244 X2 2 312.50 625.00 Continuous | 100.00

4 244 x4 2 312.50 1250.00 Continuous | 100.00

5 244 x8 2 312.50 2500.00 Continuous | 100.00

Deterministic Latency Testing

6 442 x4 1 625.00 2500.00 Continuous | 100.00

Multiple Reset testing

7 442 x4 1 625.00 2500.00 Continuous | 100.00

Table 34: 12.5 Gbps Test Cases
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7.5.1 Test Case 0 : LMF =442, x1 interpolation
7.5.1.1 Input Frequency = 25MHz

~]
3
@
7 3
@
©
7]
<
@
=
o
=
=
I
@
2

-100 ns -80.0 ns -60.0 ns
e A
| @ [20.0nsy [AS]o.0s
3 | Resuits: Measurements
Measurement

[ S __ I Mesn | M | M Range(Max-Min) | StdDev | Coumt | = '@y
) 25004408 MHz  24.989504 MHz 24210491 MHz 25870413 MHz 16599226 MHz 26595793 kH 182

Figure 69:TCO: Time domain 25 MHz output waveform for x1 interpolation, LMF = 442 mode

7.5.1.2 Input Frequency = 75MHz

Sea [BIILIA | SeaW awiL

Frequency(4) 70248303 MHz  74.831386 MHz2 70.075708 MHz  77.831915 MHz 7.7562074 MHz 3.5561651 Mi 309

Figure 70. :TCO: Time domain 75 MHz output waveform for x1 interpolation, LMF = 442 mode

Page 106 of 161



JJ\’I_ogic fruit
Technologies

JESD204b IP Design Document

7.5.2 Test Case 1: LMF =442, x2 interpolation
7.5.21 Input Frequency = 25MHz

=
=
[
=
o
o
8
<
(<]
a
o
8
=
[}
o
8

Frequency(4) 24984953 MHz  25.001151 MHz 24.627238 MHz  25.368301 MHz 34847617 kH 288

Figure 71. :TC1: Time domain 25 MHz output waveform for x2 interpolation, LMF = 442 mode

7.5.2.2 Input Frequency = 75MHz

I~~~ L~~~ —~_—~I33.0 GHz

K& < 0|

|Seal [eaaA | el awiy |

-50.0 ns -40.0 ns

(@00onss AL
% Results: Measurements

Messurement | Coment | Mean | Mn ] Range (Max-Min)

Frequency(4) 77388808 MHz  75.084079 MHz  73.706713 MHz  77.601494 MHz  3.8947805 MHz | 1.6953710 Mt 359

Figure 72. :TC1: Time domain 75 MHz output waveform for x2 interpolation, LMF = 442 mode
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7.5.3 Test Case 2 : LMF =442, x4 interpolation

7.5.3.1 Input Frequency = 25MHz

-500 ns

© 100 ns/
Rell;s: Measurements (Measure All Edges) g . S
[~ Messurement | Cument |  Mesn | Min |  Max | Range(MaxMin)

Frequency(4) 24856516 MHz  25.000073 MHz = 24.739143 MHz 25265397 MHz = 526.25333 kHz 66.750689 kH 63624

Figure 73. :TC2: Time domain 25 MHz output waveform for x4 interpolation, LMF = 442 mode

7.5.3.2 Input Frequency = 75MHz

| Seap [e21SA | SeaW Awil |

-100 ns -80.0 ns -60.0 ns

6"200 Y T

¥ | Results: Measurements (Measu

Messurement |  Cument |  Mean |  Mm |  Max | Range(MaxMin)

Frequency(4) 75425557 MHz ~ 75.004808 MHz  73.812973 MHz  75.891202 MHz  2.0782293 MHz 600.00799 kH 3290

iview X8

Figure 74:TC2: Time domain 75 MHz output waveform for x4 interpolation, LMF = 442 mode

Page 108 of 161



JJ\,I_ogic fruit
Technologies

JESD204b IP Design Document

7.5.3.3 Input Frequency = 250 MHz

_ MORe«x

—~ |
3
o
=
o
&
@
<
@
=1
5
-
=
)
)
[

-250ns -200 ns 150 ns
———
0\5 00 ns/ W] ’\, o.0s

"% | Results: Measurements :
e T T T

Frequency(4) 24932205 MHz  250.00418 MHz 24837127 MHz 25197739 MHz  3.6061236 MHz 518.92598 kH 846

Figure 75:TC2: Time domain 250 MHz output waveform for x4 interpolation, LMF = 442 mode
7.5.3.4 Input Frequency = 310 MHz

g

.
| »*1‘“,!' M n"'“""‘-f 'tlT‘

Seal [BIIUAA | Sedl awil | @

Peak Level _s

.2
.2

2
.2
2
.2

N

80.2

kil ot} ks, Jimmhhumummmmmwmwmmjmﬂwmmmmmmt 90.2
-250 kHz 31 MHz 62 MHz 93 MHz 125 MHz 156 MHz 188 MHz 219 MHz 250 MHz 281 MHz 313 MHz f
Start|0.0 Hz (<> Jstopp13 MHz [ >]cFli56 MHz (<> |span(313 MHz [W | AJRBW[100 kHz [ A

preset| B Mark Peaks T € 0

sults (Measure All Edges)
Label Horizontal ferticz Pop-up Content Label Horizontal Vertical ‘Pop-up Content

s>ueun|oo"s1l4‘I

@ Peak1 3098 MHz  -41215dBm @ Peak s 3152MHz  -43.561 dBm
1 @ Peak 2 3100MHz  -8.824 dBm

| @ Peak3 3148MHz  -43.709 dBm
\ ® Peak4 3150MHz  -10.641dBm

SjUBWAINSeal

Figure 76:TC2: Time domain & Frequency Domain 310 MHz output waveform for x4 interpolation, LMF = 442 mode
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7.5.4 Test Case 3 : LMF = 244, x2 interpolation
7.5.41 Input Frequency = 25MHz

=
3
m
=
@
Y
2
<
o
=
5
—
=
[}
o
L

-100 ns -80.0 ns -60.0 ns
| @) [20-0 ns/ W\ Jo-os
Results: Measurements
Messurement | Cument |  Mean |  Min |  Max | Range (Max-Min)

Frequency(4) 25.018878 MHz 25.010274 MHz 24154955 MHz 25.866985 MHz 1.7120300 MHz 24519224 kH

Figure 77:TC3: Time domain 25 MHz output waveform for x2 interpolation, LMF = 244 mode

7.5.4.2 Input Frequency = 50MHz

Seal |ealUaA | Seaw awil | £

-100 ns -80.0 ns -60.0 ns

© 0.0 ns/ BRI o-0 s

5| Results: Measurements

Messurement |  Coment | Mean |  Min |  Max | Range(MaxMin)

Frequency(4) 48478218 MHz  38.552053 MHz  24.154955 MHz 103.78530 MHz  79.630350 MHz 22,040660 Mt 7866

Figure 78:TC3: Time domain 50 MHz output waveform for x2 interpolation, LMF = 244 mode
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7.5.5 Test Case 4 : LMF = 244, x4 interpolation
7.5.5.1 Input Frequency = 25MHz

|

)

=
5|
@
=
@
2
&
5
=3
=
—
=
o
3
&

[ Max |
Frequency(4) 25.006058 MHz 254.60906 MHz2 6.0425623 MHz 34.637595 GHz 34.631552 GHz
Figure 79: TC4: Time domain 25 MHz output waveform for x4 interpolation, LMF = 244 mode
7.5.5.2 Input Frequency = 50MHz

‘,«: 00 K
_MORAe<n|

pts I~~~ ~—~—~—~B33.0GH

SEOW |BIILSA | SEI 3wl

-50.0 ns -40.0 ns

‘07‘10.0 ns/

(%) Results: Measurements

Measurement [ Cument [  Mean | Range (Max-Min)

Frequency{4) 49973458 MHz  49.999081 MHz  49.769814 MHz  50.188094 MHz  418.28003 kHz 77403330 kH 124

Figure 80: TC4: Time domain 50 MHz output waveform for x4 interpolation, LMF = 244 mode
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7.5.6 Test Case 5: LMF = 244, x8 interpolation

— |
3
@
=
@
S
]
<
@
=]
5
8
=
(1]
o
@

SEI |BIIUSA | SEaW B

7.5.6.1 Input Frequency = 25MHz

-100 ns -80.0 ns -60.0 ns -20. X .0 ns 800 ns
——
© 20.0 ns/ WAoo s

Range (Max-Min)
Frequency(d) 24540995 MHz 25002404 MHz 24793387 MHz 25254019 MHz  460.63286 kHz 48.621311 kH 252

Figure 81: TC5: Time domain 25 MHz output waveform for x8 interpolation, LMF = 244 mode

7.5.6.2 Input Frequency = 50MHz

-100 ns -80.0 ns -60.0 ns
—
© 20.0 ns/ W oo s

(¥ | Results: Measurements

Measurement

Frequency(4) 49.988762 MHz 26.607669 MHz 24757892 MHz 50.728371 MHz 25.970478 MHz 6.1315816 Mi 5101

Figure 82: TC5: Time domain 50 MHz output waveform for x8 interpolation, LMF = 244 mode

Page 112 of 161



logic fruit

JESD204b IP Design Document Technologies
7.6 DAC Mode Description
7.6.1 Mode = LMF =442

Lanes Lane Mapping

Lane O DAO[15:8] DAO[7:0] DA1[15:8] DA1[7:0]

Lane 1 DBO0[15:8] DBO0[7:0] DB1[15:8] DB1[7:0]

Lane 2 DCO0[15:8] DCO0[7:0] DC1[15:8] DC1[7:0]

Lane 3 DDO[15:8] DDO[7:0] DD1[15:8] DD1[7:0]

Table 35. DAC Lane Mapping for LMF = 442

Note: Here, A, B, C, and D are the four converters in DAC. The Data from each converter are

sent individually among the four lanes.

Parameter Value
Number of lanes 4 4
DAC SerDes Rate 5 Gbps 12.5 Gbps
DAC Resolution 20 bits 20 bits
No. of converters in single lane 1 1
DAC Input sampling rate 5/ (20*1) = 12.5/(20*1) =625 MSPS
250MSPS

DAC Output sampling rate for x1

interpolation

250MSPS*1 = 250MSPS

625 MSPS*1 =625 MSPS

DAC Output sampling rate for x2

interpolation

250MSPS*2 = 500MSPS

625 MSPS*2 = 1250 MSPS

DAC Output sampling rate for x4

interpolation

250MSPS*4 = 1000MSPS

625 MSPS*4 = 2500 MSPS

Table 36.DAC Parameter Values for LMF = 442
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7.6.2 Mode = LMF =244
Lanes Lane Mapping
Lane O DAO[15:8] DAOQ[7:0] DBO0[15:8] DBO[7:0]
Lane 1 DCO[15:8] DCO0[7:0] DDO[15:8] DDO[7:0]
Table 37. DAC Lane Mapping for LMF = 244
Note: The Data from two converters are sent across two lanes.
Table 38. DAC Parameter Values for LMF = 244
Parameter Value
Number of lanes 2 4
DAC SerDes Rate 5 Gbps 12.5 Gbps
DAC Resolution 20 bits 20 bits
No. of converters in single lane 2 2
DAC Input sampling rate 5/ (20%*2) = 125MSPS 12.5/(20*2) =312.5 MSPS
DAC Output sampling rate 125MSPS*2 = 250MSPS 312.5 MSPS*2 = 625 MSPS
for x2 interpolation
DAC Output sampling rate 125MSPS*4 = 500MSPS 312.5 MSPS*4 = 1250 MSPS
for x4 interpolation
DAC Output sampling rate 125MSPS*8 = 1000MSPS 312.5 MSPS*8 = 2500 MSPS
for x8 interpolation
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8 Deterministic Latency for JESD204B Transmitter with DAC

8.1 Hardware Validation Block diagram for Deterministic Latency testing with DAC

« DAC Analog Qutput

» Sine Samples are output

« DAC Qutput is connected to
the second Channel of the

« Trigger is generated inside FPGA
« This Trigger is square wave
. Data is sent to JESD IP when the Trigger signal is high. from the DAC
« Trigger is connected to ene channel of Oscilloscope
« Sine Samples are sent from the pattern memory when Trigger is high
i scope
Elitestek Evaluation Board DAC38J84 Evaluation Board
o JESD Tx . FMC JESD Rx JESD Rx
Trigger Pattarn «| JESD Tx Elitestek Tx | : «| JESD Rx oo o
; — —» Transport b —> » Phyical S » Transport - DAC
Generation Memory Layer Link Layer PMA Layer Link Layer Layer
GPIO Reference Signal
|( Latency

g

Qscilloscope

Figure 83. Deterministic Latency testing of JESD204B Transmitter with DAC
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o The trigger signal is generated inside the FPGA in terms of a square wave, which is used as the
reference signal for checking the deterministic latency

o When the trigger signal is high, the sine samples are transmitted from the FPGA to the DAC

e  Thedeterministic latency is determined from the start of the trigger signal to the start of the DAC

output sine wave.

8.2 Test Setup of Elitestek Evaluation Board with DAC for Deterministic Latency

Oscilloscope

= ' e DAC Output
Trigger Signal / \\

|
DAC Evaluation Board

Figure 84.Test set up of Elitestek Evaluation Board with DAC for testing Deterministic Latency with external clock

e The Trigger signal from the DAC is connected to one channel of CRO and the DAC output s
connected to another channel.

e The 100Mhz input to the DAC LMK is fed from the ADC LMK output.
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The block diagram below explains the clocking structure for JESD204B Transmitter testing with DAC

evaluation Board

AFE58JD48 EVM
Clk : 125
Data
AFE58JD48 >
Sysref
100MHz | OSC_in
Vexo [ | LmKodszs | Clk: 100 S| Fmc
Sysref
Primary | Device Clock : 125
LMK
Spare Clock
100 Mhz
DAC38J84 EVM
Clk : 125
Data
DAC38J84 |«
OSC_in Sysref
100
> Lmkoaszs | Clk: 100 LS
Sysref
Secondary
LMK Device Clock : 125 >

Figure 85.Clocking Structure for JESD204B Transmitter testing with DAC at 5 Gbps Line Rate (Here the oscillator input to the
DAC LMK is ADC LMK clock output)
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AFE58JD48 EVM
Clk :312.5
Data
AFE58JD48 >
Sysref
100MHz | OSC_in
vcxo > Lmkoaszs | _Clk: 100 5| FMC
Sysref
Primary | Device Clock : 3125
LMK
Spare Clock
100 Mhz
DAC38J84 EVM
Clk :312.5
Data
DAC38J84 |«
OSC_in Sysref
100
>| LmKkoaszs | Clk: 15625 5| FMC
Sysref
Secondary
LMK Device Clock :312.5

Figure 86: Clocking Structure for JESD204B Transmitter testing with DAC at 12.5 Gbps Line Rate (Here the oscillator input to
the DAC LMK is ADC LMK clock output)

Note: Refer to sections 6.2.2 and 6.3.3 for the Hardware Test Equipment and Software used
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8.3 Test Procedure

Note: The procedure to execute the test case for Deterministic Latency testing is the same as

discussed in Section 6.3.
For Deterministic Latency testing, the trigger condition in the oscilloscope must be set up.

8.4 Test Cases

The 6™ Test case mentioned in section 7.4 and Section 7.5 is used to test the deterministic latency

for 5 Gbps and 12.5 Gbps respectively.

8.4.1 LMF =442, x4 interpolation ( 5 Gbps Deterministic Latency)

8.4.1.1  Input Frequency = 10Mhz

Figure 87.Deterministic Latency capture between trigger signal and DAC output at input frequency of 10MHz

The green color waveform is the trigger and pink color waveform is the DAC output at 10MHz input

frequency captured for data rate 5Gbps at LMF = 442 with x4 interpolation

Deterministic latency in the path is in range of 850.00 ns with variation of 150ps on every power

cycle.
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Reset Type | Mode |Interpolation| Min Value | Typical Value | Max Value No. of Variation
ns ns ns Iterations s
(LMF) (ns) (ns) (ns) (ps)
Cold 442 x4 852.00 852.00 852.15 30 150
Warm 442 x4 852.00 852.00 852.10 30 100

Table 39: Deterministic latency variation table for JESD204B TX testing with DAC for 5Gbps

8.4.2 LMF =442, x4 interpolation ( 12.5 Gbps Deterministic Latency)
8.4.21  Input Frequency = 250 MHz

-~
=
©
=
o
@
@
<
@®
=
o
—
=
')
@
2

o
-329ns 41ns 411 ns 781 ns 115 ns

© 70 [AS)152.07000 v (YOI @ T < 3
$ | Results

Measurement ] 861.230 ps
Frequency(4) 156.04571 MHz  188.29722 MHz  154.67098 MHz 316.043880 ns 692.581 mV -
317.805110 ns 217926 MV/s
3.1465825 MHz
55.7812 mV

Figure 88.: Deterministic Latency capture between trigger signal and DAC output A at input frequency of 250MHz

The green color waveform is the trigger and pink color waveform is the DAC output A at 250MHz

input frequency captured for data rate 12.5 Gbps at LMF = 442 with x4 interpolation

Deterministic latency in the path is in range of 317.00 ns with variation of 150ps on every power
cycle
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Reset Type| Mode | Interpolation Min Typical Max No. of Variation
Value Value Value Iterations (ps)
(LMF)
(ns) (ns) (ns)
Cold 442 X4 317.800 317.805 317.933 30 133
Warm 442 x4 317.800 317.805 317.947 30 147

Table 40: Deterministic latency variation table for JESD204B TX testing with DAC for 5Gbps

8.5 Deterministic latency variation with respect to Heat Sink on Elitestek
Eval Board

8.5.1 Test on Board with Heat Sink

B
-379ns 21ns 421 ns 821ins 122 ns

—_—— P
(@) }40.0 ns/ [\AJ][162.06000 ns [< D> ® ~
(% | Results "
Measurement [ Min | F -861.230 ps v2(4) 184.140 mV
Frequency{4) 75134184 MHz 78371845 MHz  73.579506 MHz 16§ g‘ X2(4) 326.316680 ns 15413 mV
&
| AX 32717791 ns 471.094 kV/s

1/A8X 3.0564410 MHz
30.0080 mV

Figure 89: Deterministic Latency Delay of 327.17 ns with Heat Sink for input waveform of 75 MHz at 12.5 Gbps Line Rate
Deterministic Latency is around 327.17 ns for the FPGA Eval Board with Heat Sink attached.
Green waveform represents the trigger to BRAM and pink waveform represent the DAC

Output of 75 MHz.
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8.5.2 Test on Board without Heat Sink

~|
3
™
=
w®
&
w
<
)
=
o
&
=
]
@
a

F N
-326ns 74ns

Measurement I x1@  -861230ps 206.824 mV
Frequency(4) 75384394 MHz  863.02564 MHz 25496358 MHz 35 § X2(8) 326.316680 ns 206.06 mV -
¥ | Ax 327.17791 ns 629.811 kV/s
1/8X 3.0564410 MHz
763.531 pV

Figure 90: Deterministic Latency Delay of 327.17 ns without Heat Sink for input waveform of 75 M\Hz at 12.5 Gbps Line Rate

Deterministic Latency is around 327.17 ns here also for the FPGA Eval Board without Heat Sink
attached. Green waveform represents the trigger to BRAM and pink waveform represent the DAC
Output of 75 MHz

Hence, it can be concluded that Heat Sink does not have noticeable effect on Deterministic Latency
when compared to FPGA Eval Board without Heat Sink .

Reset Type| Mode | Interpolation Min Typical Max No. of Variation
Value Value Value Iterations (ps)
(LMF)
(ns) (ns) (ns)
Cold 442 x4 327.095 327.177 327.242 30 0.147
Warm 442 x4 327.095 327.177 327.242 30 0.147

Table 41: Deterministic Latency variation at 12.5 Gbps for 75 MHz input to DAC
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8.6 Deterministic latency variation with respect to different DAC Output
Channels

FPGA Evaluation Board used for this test is without the Heat Sink. Input Waveform Frequency used is

250 MHz .

8.6.1 DAC Channel A

=
3 {
]
=
o

@
v
<
)
=
0O
L
=
o
o
"

P
-329ns 41ns 411ns 781ns 115ns

@700 [AC)152.07000ns (RJOI> 1@ T < O

861.230 ps 748.362 mV
188.29722 MHz  154.67098 MHz 316.943880 ns 692.581 mV q
317.805110 ns 2.17926 MV/s
3.1465825 MHz
55.7812 mV

Figure 91: DAC Channel A output waveform at 12.5 Gbps Line Rate

Deterministic Latency is around 317.805 ns here for the FPGA Eval Board without Heat Sink attached.

Green waveform represents the trigger to BRAM and pink waveform represent the DAC Output of 250
MHz .

For DAC Channel A, Minimum value of deterministic Latency Value comes out to be 317.800 ns and

Maximum value being 317.933 ns, typical value being 317.805 ns. This results in a delay variation of
133 ps for DAC Channel A.
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8.6.2 DAC Channel B

-~

-284ns 86 ns 456 ns 826 ns 120 ns 157 ns
. . . . | | — -
@700 (AT 15659100 ns [KJOIZ 1@ T < 0

| Results S — ——
Measuriment Cgrﬂ?nt Mean X112 -1.264000 ns 164.03 mV

Frequency(d) 282.04868 MHz  227.85823 MHz _ 154.86186 MHz _ X2(4) 316.875450 ns 515.589 kV/s

AX 31813945 ns

1/8X 3.1432757 MHz
20.8914 mV
184.921 mV

Figure 92: DAC Channel B output waveform at 12.5 Gbps Line Rate

Deterministic Latency is around 318.139ns here for the FPGA Eval Board without Heat Sink attached.
Green waveform represents the trigger to BRAM and pink waveform represent the DAC Output of 250
MHz .

For DAC Channel B, Minimum value of deterministic Latency Value comes out to be 318.045 ns and
Maximum value being 318.181 ns, typical value being 318.139 ns. This results in a delay variation of
136 ps for DAC Channel B.
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8.6.3 DAC Channel C

‘ﬁf/v‘v"v/“\_/—\/“\_/‘v"\_/’:" 3.0 GHz faJ_4 o mvVv
2 MOXe«n

=
3
o
=
)
o
7]
<
)
=]
O
-8
=
)
&
‘!’

50.5 ns 87.5ns 125 ns
e =
[161.52300 ns | ('U‘ > @

~ Measurement  Curent | Mean | = = -1.264000 ns AY 230.96 mV
Frequency(4) 15553021 MHz  196.17440 MHz G 316.740890 ns AY/AX 794.221 kV/s
318.00489 ns
3.1446057 MHz
15.0293 mV
267.596 mV

Figure 93: DAC Channel C output waveform at 12.5 Gbps Line Rate

Deterministic Latency delay is around 318.005 ns here for the FPGA Eval Board without Heat Sink
attached. Green waveform represents the trigger to BRAM and pink waveform represent the DAC
Output of 250 MHz .

For DAC Channel C, Minimum value of deterministic Latency Value comes out to be 317.947 ns and
Maximum value being 318.082 ns, typical value being 318.004 ns. This results in a delay variation of
135 ps for DAC Channel C.
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8.6.4 DAC Channel D

\

N~~~ e~~~ —~A1[33.0 GHz fe_r~ 0 mVv S@ ’7;7
MOXe<n

-
-30.1 ns 70ns 439ns 809 ns 118 ns 155 ns

O57onsy (A C)154.94700ns[RYOI> 1@ T < 0

| Results : v
Measurement [ Mean |  Min | |& Xu2) -1264000ns 19256 mV
Frequency() 28108007 MHz 22613560 MHz _ 100.72613 MHz _ 281 2| X2(4) 316740890 ns 605533 kV/s
ax 318.00489 ns
1/AX 3.1446057 MHz -
11.1432 mV
203.706 mV

Figure 94: DAC Channel D output waveform at 12.5 Gbps Line Rate

Deterministic Latency delay is around 318.005 ns here for the FPGA Eval Board without Heat Sink
attached. Green waveform represents the trigger to BRAM and pink waveform represent the DAC
Output of 250 MHz .

For DAC Channel D, the Minimum value of the deterministic Latency Value comes out to be 317.947
ns, the Maximum value being 318.005 ns, and the typical value being 318.080 ns. This results in a delay
variation of 133 ps for DAC Channel D.
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Mode |[Interpolation DAC Min Typical Max Value No. of Variation
Channel Value Value ns Iterations S
e (ns) (ps)
(ns) (ns)
442 x4 A 317.800 317.805 317.933 30 133
442 x4 B 318.045 318.139 318.181 30 136
442 x4 C 317.947 318.004 318.082 30 135
442 x4 D 317.947 318.005 318.080 30 133

Table 42: Deterministic Latency variation on different DAC Channels (Cold Reset, 12.5 Gbps Line Rate)
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9 Hardware Validation for JESD204B Receiver with ADC

9.1 Hardware Validation Block Diagram

PC ADC GUI

Elitestek T)-Series FPGA

Snapshot
Upload 3 UART
(FIFO)
Transport Layer FPGAClk
100 Mhz
T Device Clk
125 MHz
JESD204B Rx IP h 4 PMA Clic
125 MH2
e —— ]
Descrambler Shiaradses Ra— CGSILA ——o MF"iLa"e Lane Mapping
Replacement Alignment
T T & PCSIP [ Elitestek PMA IP [«
RX State Erame
hi ——> Boundary
L Generator
A
FPGA Sysref
3.90 MHz

OZm

AFE58JD48 EVM

1\

FPGA Clk
100 Mhz
Device Clk
<125 Mhz LMK04828
FPGA Sysref

3.90 MHz
ADC Clk ADC Sysref
125 MHz 3.90 MHz

AFE58JD48

A

Signal

Figure 95. Hardware Validation Block Diagram of JESD204B Receiver with ADC AFE58/D48 at 5Gbps line rate
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Pc  [ADcoUl
v
Elitestek T)-Series FPGA
—_— AFES58JD48 EVM
device_clock LMK Clkin|
Snapshot *312.6 Mz PLLZ 78.125 Mh:
Upload | UART FPGA Clkc
(R 100 Mz _|
A FPGA Clk LMK Clkin
100 Mhz 78.125 Mhz LMK04528
Device Clk
FPQA Sysrof
3125 MHz Ejtin
JESDZ04B Rx IP PMA Clk
312.5 MHz
« Signal
Character MultiLane F < ignal
Descrambler &——| ] CGSILA [e— Lane Mappi
Replacement Alignment FRing M ADC Clk ADC Sysref
T T - | ecse [ Elitestek PMA IP <€ ¢ e ||| S8
RX St; Frame
ate | 5 Boundary
iachine: Generator
. AFE58JD48
=
FPGA Sysref
2.44 MHz

Figure 96. Hardware Validation Block Diagram of JESD204B Receiver with ADC AFE58JD48 at 12.5Gbps line rate

Note: The block information is mentioned in section 4.5 (JESD204B Receiver Hardware Testing Overview
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9.2 Test Set up of Elitestek Evaluation Board with ADC

9.2.1 Test Setup image

Figure 97. Test Set up of Elitestek Evaluation Board with ADC

9.2.2 Hardware Test Equipment

Following are the test set up equipments:

Sr No. |[Hardware Requirement for ADC Demo Quantity
1 Elitestek TJ375N1156X Eval board 1
2 Elitestek JTAG : Type A to Type C USB cable 1
3 Elitestek : 12V - 6A Power Adapter 1
4 AFE58JD48EVM board 1
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5 Type A to Mini B USB cable 1

6 5V 3A power adapter 1

7 Power Splitter (currently we only have 1x6 power splitter) 1

8 Power attenuator 1

9 50-ohm terminations for power splitter spare ports 4

10 SMA to female header jumper cable 1

11 SMA to SMA cable 2

12 SMA to BNC cable 2

13 Some studs to make setup mechanically stable 20-25
14 Oscilloscope 1

15 Scope probe 1

16 Oscilloscope power cord 1

17 Laptop (should have Efinity, tcl and AFE58ID48EVM Gui installed in it ) 1

18 Laptop charger 1

19 Signal generator (JDS6600) 1

Table 43.Hardware Requirement for ADC Demo

9.2.3 Software Used
9.2.3.1 LMK Tool

e The LMK Tool version used is v1.7.7.6

e This tool configures the LMK04826 chip in the ADC evaluation board.
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9.3.2

After selecting the LMK device, according to the required clock values, the user needs to

make the settings in the GUI and update the register set values in the tcl procs accordingly.
9.2.3.2 ADC GUI

The ADC GUI version used is 1.2.3

This tool configures the ADC chip AFE58JD48 and the JESD204B TX protocol present on the
ADC EVM.

According to the required mode, the user must select the ADC GUI settings and save the

configuration file.
9.2.3.3 Wave Vision Software

The Wave Vision Software version used is 5.0.6.465 (P2R1 Beta).

This software plots the waveform from the data received through UART IP.

Test Procedure
Hardware Connection Procedure
Connect TI ADC EVM (TI ADS54J66 )with the Elitestek TJ-Series Evaluation (TJ375N1156X)
Board on J15 FMC connector (Quad 2) .
Connect host PC with Elitestek TJ-Series Evaluation Board via USB cable, which can be used
as UART and JTAG

Start the Signal Generator and connect it with ADC EVM through SMA cables.

ADC GUI Configuration Test Procedure

The ADC is configured through the GUI

Open the GUI and load the required configuration (.cfg) file through which we want to
operate the ADC eval board GUI.

Select the File option - Open configuration = Go to folder :
../JESD204B_Porting_Efinix_REL_1 O\JESD204B_RX_ADC_Files\ADC_Configuration_Files and
select the JESD 125MSPS_Subclassl_8L_updated.cfg for 5Gbps.

select the JESD 31.25MSPS_Subclassl.cfg for 12.5Gbps
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a ~

Ede Script Debug Hep

omZrue

E} Quick Setup LFVCA £} ADC ¥ DEMOD == Register Map Configuration

Reset and Initialize the device HSDC Pro related Parameters

fsamp 80MHZ
Preset Configurations ADC Input Target Frequency Slakz
OUTPUT FORMAT -~ ADC FORMAT ~ herent Frequencies []
[ LVDS: 40M 16x 166 LVDS,_1X [ Ramp Pattem
[ LVDS: 60M 16x 165 LVDS_1X [ Anslog Input

[ LVDS: 80M 16x 166 LVDS_1X
[ LVDS: 20M 16x 165 LVDS_IX, Dec-<
] LVOS: S0M 16 160 LVDS_0.5X Dec v v

Choose Analog Configuration

VCA GAIN A | LPFSETTING ~

(] Max Gain [ 10MHz

) Min Gain MHz

5 :A»:gfm S ;::A:: Device Status

[ 30MHz Parameters Status
v | [ 40MH: v PAGE_SEL_ADC All ADC Chs Disables

PAGE_SEL_DIG % Al DIG Chs Disabled
CTRL_MOOE Custom PLL Mode
PLL_MODE 40x
EN_DEMOD Disadlec
DWN_CNV_BYPASS Dawn-conversion is enabe:
DEC_BYPASS Decimation is enadled
COMPR_FACTOR 0
JESD_SUBCLASS Suddass 1
LVDS_0.5X_EN Disabdled
LVDS_2X_EN Disadled

#7) Wite Register: AFESQJD48_VCARegister 197{0xC5)- [0<7400)

© connecten | W TEXAS INSTRUMENTS

Figure 98.Configuration file loading in the ADC GUI
4. Once ADC is configured, program the bit file to the Elitestek evaluation board.

9.3.3 TCL Script Sequence Test Procedure

a) Following steps to be followed for the installation of LFT TCL Software

i Go to Control Panel -> Add / Remove Program -> Turn Windows Feature on or

off - > Enable .NetFramework 3.5
ii. Let it be downloaded from Windows Update

iii.  Copy LFT_TCL folder present in the path :
..\JESD204B_Porting_Efinix_REL_1 O\TCL_Software inside the C:\

iv. Install TcITk-8.3_for_N2X.exe

V. Install vcredist_x86.exe

vi. Run Win_Driver.bat (present in the path LFT_TCL\bin_USB_UART) as

Administrator to confirm correct installation

b) There are four tcl files presentinside the folder :

../JESD204B_Porting_Efinix_REL_1_O\JESD204B_RX_ADC_Files\TCL_Script_Software\TCL
_Script
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i tclshre.tcl:  Source file

ii. jesd204b_sequence_test 5Gbps.tcl/jesd204b_sequence_test 12 5Gbps.tcl:

Automated sequence of procs for ADC
iii.  streaming_8_channels.tcl: Script to decrypt the hex data received from the ADC

jesd204b_rx_procs_verilog.tcl: Script that includes individual procs for ADC

‘E.

c) Keep the tclshre.tcl file on the following path: C:\Users\user (Note: username can

change from PC to PC)
d) Make sure the file given below are in the path: C:\LFT_TCL\bin_USB_UART

i. jesd204b_tx_procs.tcl
ii. jesd204b_sequence_test_5Gbps.tcl
iii. jesd204b_sequence_test_12 5Gbps.tcl

iv.  jesd204b_rx_procs_verilog.tcl

e) Make sure the file streaming_8_ channels.tcl file is in the path:

C:\LFT_TCL\scripts\tcl\efinix

f) Inside the path C:\LFT_TCL\bin_USB_UART, there is a Ukko_init.tcl file, where we need

to set the baud rate and com port

Set the baud rate to 115200 and com port according to the detected port.

#g_comPort: UART => UART

set g_comPort

#g_comPort: UART => UART BaudRate

set g_baudrate

Figure 99.Com port and Baud rate settings for ADC
Note: Initially, while setting up the tcl user need to make these directories
g) Open the TCL IDE from the start menu by default the required TCL script is sourced

h) The console will display the option to select the testing for the JESD204B Transmitter with
DAC or JESD204B Receiver with ADC. Select option 2 or 4 for testing the JESD204B

Receiver with ADC with respect to the required line rate.
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Figure 100.ADC TCL console image 1

The script jesd204b_sequence_test.tcl includes the complete sequence from the
JESD204B configuration to the capturing of the data through snapshot streaming interface

and data decryption for each ADC input

After selection of ADC testing the sequence of measuring the clock frequency, JESD204B
RX IP configuration for 40X mode/160X mode and status of errors and link up information

are displayed as shown in the below image

once to update all the Parai

Figure 101. ADC TCL console image 2
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& Tclshe3

ced
IP Entered Data Phase. JESD2084B IP is ready to receive the data.

ing Not-i|
IP will s the LinkUp aga ! in-Table and Disparity Errors.

Figure 102. ADC TCL Console image 3

k) Once link up is done without any errors, the captured ADC sample data are uploaded to

the host PC with user permission, if user wants to upload the data select the option 1

Started Sending Data......

Figure 103. ADC TCL Console image 4

[) Once the decryption is done for captured samples, open the Tl wave vision software to

view the waveform for the captured file.
v.  Open the WaveVision tool

vi.  Once the GUI is open, select the import option from the plot
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N WaveVision5.0.6.465 (P2R1 Beta) [No Hardware Connected]

. " 3
File |Plots | Utility Tools Help ﬂ @‘* Wy L o] e l.L,w_
d Load Ctrl+Alt+L  [nnel 1
= Import S o A bl | X
Wl New TimeDomain CHitalttr R

SpLIS) | | s[auLeys | 2

SINOPEEY UIE Wog] 2]

Figure 104. WaveVision Sofwtare GUI

vii.  Select the required ADC decrypted samples.
viii. Mention the sampling frequency as 125MHz for 40X mode and the resolution as
16-bits
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Import ASCIl Data n
Import Data Path: .C:'\lFr_TCL'&cnpts \tcd\efinix\ Default
File Name Samples Channels Date/Time
hocaerenoe i 1| moseon B
ADC_Channel_C.txt 4,091 1 02-12-25 16:17:34
ADC_Channel_B.txt 4,000 1
ADC_Channel_E.txt 4,091 1
ADC_Channel_D.txt 4,091 1
ADC_Channel_H.txt 4,091 1
ADC_Channel_G.txt 4,091 1
ADC_Channel_MSB. txt 4,090 1 02-12-25 16:17:34 ¥

o, Channel 1 | ~  Channel interleave order
£ | 32767 Channel 1
@ 3 32767
g 3 32767
o |4 32767
<
g 5 32767
® ||g 32767
w

7 31828

8 -32768

9 -32768

10 -32768

11 -32768 v

Channel Name: | ADC_Channel_A.txt

Sampling Rate: m Megahertz

Import Cancel

Figure 105. Selection of channel to view the waveform

ix.  Click on the import after all configurations are done

X. Both frequency and time domain waveforms are plotted

) WaveVision5.0.6.465 (P2R1 Beta) [No Hardware Connected] - X

W e [ R
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Figure 106. Frequency domain plot in WaveVision software

' WaveVision5.0.6:465 (P2R1 Bete) [No Hardware Connected] - X

Fie Plats Utiity Tools Hep Bﬂ WL ] 'y

Plot_File_7_TimeDomain, Active Channel: C:\ FT_TCL \seripts td/\efinix |ADC_Channel_ (Channel 1)

s e L) 3

SIn0pERY Ule Wog S

25,000 -

0 10 0

| )+ [ | - | <

Figure 107. Time domain Plot in Wave Vision Software

9.4 Test Cases for 5 Gbps

125 MHz
LMK04826
125 MHz
A 4 4
Y Y Y Y
Pulse JESD204b | Elitestek Rx | ADC » ADC |-
Generation Rx IP PMA JESD204b Sampling |

+ Serdes Clock =5 Gbps / 40 bits = 125 MHz
« ADC Sampling Clock = 125 * 2 Samples / 2 Converters = 125 MHz

Figure 108 : Block Diagram depicting Clock Architecture for 5 Gbps Line Rate
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SerDes Clock = SerDes Rate / SerDes Data Width
SerDes Rate SerDes Data width SerDes Clock
(Resolution after 8b10b)
LFT JESD204B RX(Elitestek FPGA) | 5 Gbps 40 bits 125 MHz
TI ADC AFE58JD84 5 Gbps 40 bits 125 MHz

Table 44. Elitestek Eval board and DAC Data rate Table

The following are the different modes of testing done for ADC:

ADC Input sampling rate = SerDes Rate / (ADC Resolution after 8b10b * No of converters in a single

lane)
Test Modes No. of convertersin | ADC Input Sampling | ADC Output Sampling | LMK Sysref
Case (LMF) single lane Rate (MSPS) Rate (MSPS)
0 484 (40X) 2 125.00 125.00 Continuous

Table 45 .JESD204B Transmitter Test Cases for 5 Gbps
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Test Case 0 : LMF =484 (40X Mode)
9.4.11 Input Frequency = 1IMHz

[1pau03 ubig] [s02005 pubis]

| s;00peay upwog Wiy -

780 800

.|| — ¢ ¢ [— <

Figure 109 .TC 0: Time domain plot for captured waveform for input frequency of 1 MHz
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Figure 110.TC 0: Frequency domain plot for captured waveform for input frequency of 1 MHz
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9.4.1.2 Input Frequency = 62.5 MHz
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Figure 111.TC 0: Time domain plot for captured waveform for input frequency of 62.5 MHz
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Figure 112.TC 0: frequency domain plot for captured waveform for input frequency of 62.5 MHz
Note: For reference purpose, Below is the waveform generated through the Octave Input frequency =

62.5 MHz with fs = 125MHz

Time Domain Plot

Ampitude

Figure 113. Waveform generated through octave code with Input frequency as 62.5MHz

9.5 ADC Mode Description
9.5.1 Mode 40X, LMF =484

Lanes Lane Mapping
Lane O D1, D2
Lane 1 D3, D4
Lane 2 D5, D6
Lane 3 D7, D8
Table 46. ADC Lane Mapping for LMF = 484

Note: Here, the Dx stands for the ADCx[15:0], with ADC1 data coming out first on the lane and ADC2

data coming out last from lane 0
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Parameter Value
Number of lanes 1
ADC SerDes Rate 5 Gbps
ADC Resolution after 8b/10b 20 bits
No. of converters in single lane 2
ADC Input sampling rate 5/ (20*2) = 125MSPS

Table 47. ADC Parameter Values for 40 X mode
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9.5.2 Mode 160X, LMF =148

Lanes Lane Mapping

Lane O D1, D2, D3, D4, D5, D6, D7, D8

. ADC Lane Mapping for LMF = 148

Note: Here, the Dx stands for the ADCx[15:0]

Parameter Value

Number of lanes 1

ADC SerDes Rate 12.5 Gbps

ADC Resolution after 8b/10b 20 bits

No. of converters in single lane 8

ADC Input sampling rate 12.5/(20*8) =78.125 MSPS

Table 48. ADC Parameter Values for 160 X mode
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9.6 Test Cases for 12.5 Gbps
78.125 MHz
LMK04826
100 MHz
78.125 MHz
A 4 Y
x4 2.44MHz
Pulse Generation
x4 <€
312.5 MHz v 312.5 MHz ‘r73.1 25 MHz
JESD204b | Elitestek Rx ADC | ADC
RxIP [ PMA JESD204b Sampling [€

« Serdes Clock =12.5 Gbps / 40 bits = 312.5 MHz
s ADC Sampling Clock = 312.5 * 2 Samples / 8 Converters = 78.125 MHz

Figure 114: Block Diagram depicting Clock Architecture for 12.5 Gbps Line Rate

SerDes Clock = SerDes Rate / SerDes Data Width

SerDes Rate SerDes Data width SerDes Clock
(Resolution after 8b10b)
LFT JESD204B RX(Elitestek FPGA) | 12.5 Gbps 40 bits 312.5 MHz
TI ADC AFE58JD84 12.5 Gbps 40 bits 312.5 MHz

Table 49. Elitestek Eval board and DAC Data rate Table

The following are the different modes of testing done for ADC:

ADC Input sampling rate = SerDes Rate / (ADC Resolution after 8b10b * No of converters in a single

lane)
Test Modes (LMF) | No. of converters| ADC Input Sampling | ADC Output Sampling | LMK Sysref
Case in single lane Rate (MSPS) Rate (MSPS)
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0 148 (160X) 8 78.125 78.125 Continuous

Table 50 .JESD204B Transmitter Test Cases for 12.5 Gbps

9.6.1 Test Case 0: LMF =148 (160X Mode)

9.6.1.1 Input Frequency = 1MHz

Figure 115 .TC 0: Time domain plot for captured waveform for input frequency of 1 MHz
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Figure 116.TC 0: Frequency domain plot for captured waveform for input frequency of 1 MHz

9.6.1.2 Input Frequency = 39.0625 MHz

09 Wiewsis ons 05 465 241 Bete) INo Hardusre Connected
Be Eots Uty Toos Hep HWD) L e e

7 O |

Figure 117.TC 0: Time domain plot for captured waveform for input frequency of 39.0625 MHz
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Figure 118.TC 0: frequency domain plot for captured waveform for input frequency of 39.0625 MHz

Note: For reference purpose, below is the waveform generated through the Octave Input frequency =

39.0625 MHz with fs = 78.125MHz

Time Domain Plot

Figure 119. Waveform generated through octave code with Input frequency as 39.0625M
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10 Deterministic Latency for JESD204B Receiver with ADC
10.1 Deterministic Latency for JESD204B Receiver with ADC at 5Gbps

10.1.1 Hardware Validation Block diagram for

Deterministic Latency testing with ADC at 5Gbps

Oscilloscopa

FY

+ ADC Resolution = 16 bits -> 1 sign bit and 15 data bits

» For Square wave, since the Duly Cycle = 50%, half samples will be +ve and other

GFIO

half will be -ve, S0 MSB / sighed bit of ADC samples will be a square wave
= The M5B bit of received data can be used a8 a trigger to check the latency

}

« Syuare wave with 50% duly eycle is sent from
the FPGA

+ Port 1 of Splitter is connected to ADC input

+ Port 2 of Splitter is connected to Cscilloscope

GPID

Fulse Generatien

Elitestek Evaluation Board

ADC Signed

Bil Mapping

JESD Rx
Transport
Layer

AFES2.)D48 Evaluation Board

F

JESD Rx litestek Rx| FHE
Link Layar PMA

JESD Tx
Phyical
Layer

o——

JESD Tx
Link Layar

JESD Tx
Transport
Layer

——

ADC

F 3

!

Refarence Signal

Latency

Splitter

h 4

Figure 120. Deterministic Latency testing of JESD204B Receiver with ADC at 5Gbps
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o The pulse generation block in the Elitestek FPGA will generate a square wave, which is fed to
the splitter.

o The Port 1 of the splitter port will be connected to the Oscilloscope as a reference signal and the
Port 2 is given as an input to the ADC.

e The MSB bit of the received data from the JESD204B RX Transport layer present in Elitestek
FPGA is used as a trigger to check the latency.

e The deterministic latency is determined from the start of the reference signal to the start of the

signed bit of the ADC sample.
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10.1.2 Test Setup of Elitestek Evaluation Board with ADC for Deterministic Latency
testing at 5Gbps.

=

L Bl Elitestek Evaluation Board \

RGP0 Output from JESD s

i 3

Figure 121.Test set up of Elitestek Evaluation Board with ADC for testing Deterministic Latency at 5Gbps

e One of the outputs from the Power splitter is connected to one channel of CRO, and the other is
given to the ADC evaluation board.

e The MSB bit of the output data is mapped to the GPIO, which is connected to another channel of
the CRO.

Note: Refer to sections 8.2.2 and 8.3.3 for the Hardware Test Equipment and Software used for the

testing
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10.1.3 Test Procedure

Note: The procedure to execute the test case for Deterministic Latency testing is the same as

discussed in Section 8.3.
For Deterministic Latency testing, the trigger condition in the oscilloscope must be set up.

10.1.4 Test Cases
10.1.4.1 Test Case 0 : LMF =484 (40X Mode)

10.1.4.1.1 Input Frequency = 6.25 MHz
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Vp-p(2) 49384 mV 49384 mV 49384 mV " AX 789.124240 ns Ay 9.55057 mV
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Figure 122. Deterministic Latency capture between input square and ADC MSB bit at input frequency of 6.25MHz

The green colour waveform is the input square waveform, and the red colour waveform is the MSB

bit of the received data.
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Deterministic latency in the path is in range of 789.1ns with variation of 150ps on every power cycle

Below table shows the Minimum, Typical and Maximum deterministic latency values including

variation on cold and warm reset.

Reset Type | Mode Min Value Typical Value Max Value No. of Variation
(ns) (ns) (ns) Iterations (ps)

Cold 40X 789.81 789.95 790.1 30 150

Warm 40X 789.81 789.91 790.03 30 100

Table 51. Deterministic latency variation table for JESD204B RX testing with ADC at 5Gbps
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10.2 Deterministic Latency for JESD204B Receiver with ADC at 12.5 Gbps
10.2.1 Hardware Validation Block diagram for Deterministic Latency testing with ADC at 12.5Gbps

« ADC Resolution = 16 bits --> 1 sign bit and 15 data bits = Square wave with 50% duty cycle is sent from
- For Squarc wave, since the Duty Cycle = 50%, half samples will be +ve and other LMK for ADC input

half will be -ve. So MSB / signed bit of ADC samples will be a square wave - One output of LMK is connected to ADC input
. The MSB bit of received data can be used as a trigger to check the latency » One output of LMK is connected to

Oscillos:rze

Elitestek Evaluation Board AFEG8JD48 Evaluation Board l
GPIO 2 JESD Rx P FMC JESD Tx JESD Tx
- ;‘E:\:ﬂs'g[‘“’ €— Transport [« L'_'EEE B EI|tePs'::: Rxl e Phyical [ L‘_jEf‘E T Transport [ ADG < LMK
it Mapping Layer ink Layer Layer ink Layer Layer
QOscilloscope
Reference Signal

I Latency i

ol b .
I" ’I

Figure 123. Deterministic Latency testing of JESD204B Receiver with ADC at 12.5Gbps
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e One output of LMK is used for ADC input data generation and reference signal for checking
deterministic latency .

e Another Output of LMK will be connected to the Oscilloscope as a reference signal and the output
P is given as an input to the ADC.

e The MSB bit of the received data from the JESD204B RX Transport layer present in Elitestek
FPGA is used as a trigger to check the latency.

o The deterministic latency is determined from the rising edge of reference input to the rising edge

of ADC_MSB bit.
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10.2.2 Test Setup of Elitestek Evaluation Board with ADC for Deterministic Latency
testing at 12.5 Gbps.

N
m MBI A2 sod DNmuE Ul

\

; ADC Input

ADC_MSB Output from JESD RX

Figure 124.Test set up of Elitestek Evaluation Board with ADC for testing Deterministic Latency at 12.5Gbps

e One output of LMK is used for ADC input data generation which will be mapped on ADCO input

and other output is used as reference signal for checking deterministic latency on oscilloscope .
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e The MSB bit of the output data is mapped to the GPIO, which is connected to another channel of
the CRO.

10.2.2.1 Setup Details

o Forreference input to ADC use J40 pin 5 as signal header of female header to SMA cable and
pin 1 of connector J50 as GND header of female header to GPIO cable. SMA side of this cable

will be mapped on the J6 connector on ADC Eval Board(this is ADC channel 0).

C|‘|I79 CLKM_1X
1 n
01uF N w|——< CW1X_CLEAN_N « ADC sampling Input

J40

I CWIX_CLEAN.P | ﬁ Scope Reference Input

CLKP_1X

e Forreference input to oscilloscope use J40 pin 6 as signal header of female header to SMA
cable and pin 2 of connector J50 as GND (Enable 500hm termination on the oscilloscope).

This signal will be used as reference wave for the latency measurements.

+1.8VD
Reference GND for
header cables » J50 | st
1 4 (S TGC UP DOWN 4
2 : o3 S TGC SLOPE : 3
3le ' 2 CS TGC PROFILE 1| o2
4l o 1 (S TGC PROFILE 0 el I
J26
GND

ADC_MSB Reference for Scope
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e For ADC_MSB bit use J51 connector pin 3 as signal and pin 3 of connector J50 as GND(Enable
500hm termination on the oscilloscope). This signal will be used as the captured data

reference for latency measurements.

Note: The same setup can be used for 5 Gbps testing also, if we want to keep the setup for both 5
Gbps and 12.5 Gbps design the same. Just use the provided 5 Gbps MCS file on the FPGA and use
the ADC config provided with the release 1.1.

10.2.3 Test Procedure

e Load the MCS provided 12.5 Gbps on the EVAL Board and then turn off the board.

e Configure the ADC board first with the given config file (JESD JESD 31.25MSPS_Subclass1.cfg)
and then turn on the FPGA Eval board.

e Open tcl and run the script, once reset and configuration is done adjust cursors on the

oscilloscope and check the rising edge to rising edge delay.
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10.2.4 Test Cases
10.2.4.1 Test Case 0 : LMF = 148 (160X Mode)

10.2.4.1.1 Input Frequency = 2.44 MHz
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Frequency(d) 24406232 MHz 20205206 GHz  1.2754434 MH2 233392110 ns 346951 MV/=
4.2846350 MHz
909.888 mV

Figure 125. Deterministic Latency capture between input square and ADC MSB bit at input frequency of 2.44 MHz

The green-colored waveform is the input square waveform, and the red-colored waveform is the

MSB bit of the received data.
Deterministic latency in the path is in range of 233.4ns with variation of 150ps on every power cycle

Below table shows the Minimum, Typical and Maximum deterministic latency values including

variation on cold and warm reset.
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Reset Type | Mode Min Value Typical Value Max Value No. of Variation
(ns) (ns) (ns) Iterations (ps)

Cold 160X 233.32 233.4 233.47 30 150

Warm 160X 233.34 233.4 233.45 30 110

Table 52. Deterministic latency variation table for JESD204B RX testing with ADC at 12.5Gbps
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