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Introduction

e In order to understand the applicability of FEC to backplane systems we
need to know how errors are distributed.

e This presentation provides error distribution data for one example
backplane channel.

e Equipment and silicon availability limited the test set-up to a 3.6Gbps DC
coupled channel, but it is assumed that the results can be extended to
10Gbps operation.
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Test Set-up, #1 :Silicon

e Tl 4Gbps SERDES testchip with 2 independent quad bidirectional
SERDES macros interconnected back-to-back by FIFOs.
- Macro A, Chn 0 Tx feeds Macro B Chn 0 Tx via a FIFO
e And vice-versa for this and the other 3 bi-di SERDES

- Each SERDES macro has its own PLL, but is fed from the same frequency
reference

e The Macros are Frequency locked, but not phase locked

e This arrangement allows a BERT to analyse a channel independent

of its own connections to the test-chip

- Macro A connects to the test channel, Macro B handles BERT connections
- BERT->B8b R2->B8a T2->Test channel->B8a R2->B8b T2->BERT

e Spare SERDES Transmitters on the ““B”” macro can be used as

crosstalk aggressors on the channel connected to the “A’ macro.
- The aggressor is frequency locked but not phase locked
- Internal self-test PRBS generators can be used as aggressor data
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Test Set-up, #2 :Test Channel

e Composite channel - to allow crosstalk injection

- 16” trace of Tyco “HM-Zd Legacy Backplane” + 2 Hm-
Zd Xaui Test Cards

- 12” Crosstalk injection channel on the Tl “TEDS” trace
evaluation board

e [njection point is at Rx’er end - FEXT
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Test Set-up, #3 :BERT

e Agilent 86130a 3.6Gbps “Bitalyzer”

- Provides extensive bit error distribution
analysis tools

eBurst length
ePattern sensitivity

e HP 70340a 1-20Ghz Signal generator
- Clock reference for BERT & testchip
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Test Set-up, #3 :Diagram

HP 70340a 1-20Ghz

Signalgenerator ¢ ¢

| | - 16” trace of Tyco “HM-Zd Legacy
PLL | | PLL Backplane” + 2 Hm-Zd Xaui Test Cards
v | |
| | INC3 ouTcs
> RX | P> FIFO | P X
Agilent86130a | |
3.6Gbps
“Bitalyzer” | |
| TX < | FIFO < | RX l— £ Y
».
| | 12" Crosstalk injection channel on a—L
| | TI“TEDS" trace evaluation board
(single-endedaggressor) 50
o | |
| TI3G SERDES | =
| Testchip |
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Test Set-up, #4 :Detalls

BERT->B8b R2->B8a T2->Tyco 16”’->TEDS 12”’->B8a R2->B8b T2->BERT
B8b T1 (223-1 PRBS aggressor) ---------- N (FEXT)

BERT PRBS pattern length varied (27, 210 ) 215 | 223)

Crosstalk aggressor (B8b T1) transmit amplitude varied
- Crosstalk agressor uses 223-1 PRBS (can never be in sync with channel PRBS)
- Crosstalk agressor uses 0% Tx pre-emphasis

e B8a Chn2 parameters
- DC coupled
- 500mV Tx amplitude
- 61.9% Pre-emphasis
- 3.61Gbps
e BERT burst analysis parameters
- Minimum burst size : 2 bits
- Burst error free threshold : 1584
e Distance between 2 errors for them NOT to be regarded as a burst
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Raw Results

e BERT Screen-shots, with my comments to the left

e Increasing PRBS lengths are evaluated for a range of crosstalk amplitudes
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PRBS7/1375 error statistics

Eille Pattern PG Setup ED Setup  Besulks  Emor Analpziz Ublity Help

e 27 P R BS ’—’—’—’—’—’— Error add ) Inserte |

11 -10 -8 @
——————
PG Setup B 5 .
Firt... roperties. ..
ED Setup s
: Results
e No errors seen In ——
- .. - Error AnalyEIs Counts Properties
thIS Ilmlted time .BE | Total Bits 1,015,759,765,536 Burst Err Free Thresh 1584
pe riod — Total Errars 0| |Minirmurn Burst Length 2
Bl ‘E’ MNon-Burst Related 0 Integration Period 1.00E+12
O ErrOrs Burst Pelated 0 Symbol Mode Bits
P Markers 0
— Eemaved Errors dizabled
Burst Length Rates
CO Total Errors 0.00E+00
..‘..;L. Mon-Burst Related 0.00E+00
. Burst Related 0.00E+00
C =t
OITEISHEn Markers 0 Hz
FEF=
—

Error Statistics

e | More... | Elapsed 00:04:41
IF'G Ptm: 27 PRES IED Ptm: 27 PRES IF'G Clk Rate: 2.6100 GHz IED Clk Rate: 2.6100 GHz |J
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PRBS10/750 error statistics

Eille Pattern PG Setup ED Setup  Besulks  Emor Analpziz Ublity Help

e 210 PRBS
e /50mV Xt -

_ ’—’—’—’—’—’— Errar Add | Inserte |

Pattern
PG Setup B 5 .
— Firt... roperties. ..
ED Setup s
e 179 single bit Results
errors Error analysis Counts Properties
. . — | Total Bits 11,179,799,871,5201 |Burst Err Free Thresh 1584
* No multi-bit errors el Total Errors 179 | |Minimum Burst Length 2
—_— Mon-Burst Related 179 Integration Period 1.00E+12
Seen Carrelation Burst Pelated 0 Symbol Mode Bits
p— Markers 1]
= REemoved Errors dizabled
Error Statistics Rates
| Tatal Errors 1.60E-11
— Mon-Burst Related 1.60E-11
Error Eree Eﬂursl;c Related III.IIIIZIED-FE:ZI
Interval ATKErS Z

ESEEEETLJ;I I Mare. .. I Elapsed 00:51:37
IF'G Ptrn: 2'° PRES IED Ftrn: 210 PRES IF'G Clk Rate: 3.6100 GHz IED Clk Rate: 3.6100 GHz IJ
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PRBS10/750 Pattern Sensitivity

Eille Pattern PG Setup ED Setup  Besulks  Emor Analpziz Ublity Help

d 210 PRBS _ ’—’—’—’—’—’— Errar Add | Inserte |
e /50mV Xt |

PG Setup Errar PanfZoom
ED Setup Signature... | | cursor x2 s

e All 179 bit errors [ 2=t

Errar snalysis 183 : : [ 1

captured are ] 5 ! 538 | 628
associated with Ll : : Jes B, 169

—_— 1004 b .
jUSt two pa‘tte rn Carrelation : :
locations e

F=

73 SRS S B 1 S S—
- 169 (94%) at Errar Statistics : : : 5
the point shown

iefi | 1 : : ¥ :
b= 200 400 500 200 1000
RAM (Bits)

Errar Free
Interval QD0 QT 3T STaT 13T T T33aT 11111 151 T O 22 107 Q07 T 33T 33T 777 i

Fit Graph | Print... | F‘ruperties...'

CICCLIFFEnCes

Curs Area: 0 b B ] X2 555 D 33

_ratem .| | More.. | Elapsed 00:51:37
IF'G Ptm: 2'° PRES IED Ptm: 210 PRES IF'G Clk Rate: 3.6100 GHz IED Clk Rate: 3.6100 GHz |
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PRBS10/1375 error statistics

Eille Pattern PG Setup ED Setup  Besulks  Emor Analpziz Ublity Help
10
e 2'Y PRBS Delta BER: 0.421E-6 Bl [ o add) neerte |
A1 10 -9 - -F -6 -5 -4 -3 -2 -1 0
——————
PG Setup B 5 .
ED Setp Firt... roperties...
Results
e As overall BER e
Error AnalyEIs Counts Properties
goes Up, Burst = Total Bits 1,019,869,175,808 Burst Err Free Thresh 1584
errors start to be —_ Total Errors 332,214 Minimutm Burst Length 2
B —tL " MNon-Burst Related 332,014 Integration Period 1.00E+12
reported L Lerg Burst Related 00| [ Syribol Mode Bits
T Markers 0
..‘..;L. REemoved Errors dizabled
Correlation Rates
— Total Errors 3.26E-07
|l=_= Mon-Burst Related 3.26E-07
_ Burst Related 1.96E-10
E Statist
Frer ISHES Markers 0 Hz
&)
Error Free
nteval - | More. | Elapsed 00:04:42
IF'G Ptm: 21° PRES |ED Ptrm: 217 PRES IF'G Clk Rate: 3.6100 GHz IED Clk Rate: 3.6100 GHz |J
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PRBS10/1375 burst length distribution

Eille Pattern PG Setup ED Setup  Besulks  Emor Analpziz Ublity Help

d 210 PR BS WI—’—’—’—’— Errar Add | Inserte |

1 bt LU

e 1375mV Xt r

PG Setup FET— PanfZoom
ED Setup Signature... ' Zoom X v

e Bursterrors have |Besuts
Error Analysis - - ; i i | :

4 specific lengths [ Lo e e

Fit Graph | Print... | F‘ruperties...'

1

Burst Length 186 === - emeobone oo s PR EES SRR P RRCE EEFDEE

Carrelation

CICCLIFTRNCES

ledd-------- - ER— e HER S - R

e e e e e e e e

Error Statistics

200 4010 = 200 1000 1200 1400
Burst Length (Bits)

Sy B Bin Res: 2 Err free thresh: 1554 | Syrbol mode off | Timebase off |

nteval - | More. | Elapsed 00:04:42
IF'G Ptm: 210 PRBS IED Ptrm: 210 PRES IF'G Clk Rate: 2.6100 GHz IED Cl Rate: 2.6100 GHz |
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PRBS10/1375 Pattern Sensitivity

Eille Pattern PG Setup ED Setup  Besulks  Emor Analpziz Ublity Help

o 210 PR BS WI—’—’—’—’— Error add ) Inserte |

11 bt LU

e 1375mV Xt —
Pattern
PG Setup Error Ran/Zoorm _ Brint .
ED Setp Signature... |Cur5|:|r il y; Fit Graph FInt... Properties...
e 80% of errors are S—Tre
located at the Error Analysis 1e6 : : : :
same point in the " N 0 i i Bt |
pattern s a  1ledft—— 1626 | ]
—  This point was Correlation E ' ; ; '
responsible for . ! : : :
94% with § 1004 e e
750mV of Xtalk Error Statistics ‘
* There are now 3 :;' 1I:I EEEIEI 4EE||:I E\I'_Ell:l' EIIZEIEI 1000
failing pattern Error ros RAM (Bits)
p0|nts Interval Q00T QT 0TI OT 100 T 10317171111 'IE'I 10T OS] T3] 7T 00T 3T 1771050
— The burst 4 Bin Res: 1 1024 bits in cycle Symbol mode aff Timebase aff
|engths seen “L“l Curs Ares: 0 a1 626 m2 0 Dt 626

pairs of errors

at these points IF'G Ptm: 21 PRES IED Ptm: 2'° PRES IF'G Clk Rate: 3.6100 GHz IED Clk Rate: 3.6100 GHz |
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PRBS15/250 error statistics

Eille Pattern PG Setup ED Setup  Besulks  Emor Analpziz Ublity Help

e 2 15 P R BS WI—’—’—’—’— Error add ) Inserte |

-1 -1 -9 -8

. m ——————
2 5 O V Xt F\attern
PG Setup B 5 .
ED Setp Firt... roperties...
Fesults
e No burst errors e
- - .. Error AnalyEIs Counts Properties
seen in thIS Ilmlted = Total Bits 1,358,591,831,232 Burst Err Free Thresh 1584
time period —_ Total Errars 4,188 | |Minirmurn Burst Length 2
B —t L erath MNon-Burst Related 4,188 Integration Period 1.00E+12
HrstLeny Burst Pelated 0 Symbol Mode Bits
T Markers 0
..‘..;L. 5 Remaoved Errors disabled
Correlation Rates
— Total Errors 3.08E-09
|l=_= MNon-Burst Related 2.08E-09
L Burst Related 0.00E+00
E Statist
Frer ISHES Markers 0 Hz
&)
Error Free
Irlter"-"al ;I — MDrEI . Elapsed I:":I :DEl : 1?

IF'G Ptrm: 2'5 PRES IED Ptr: 2'% PRBS IF'G Clk Rate: 3.6100 GHz IED Clk Rate: 3.6100 GHz |J

®i? TEXAS INSTRUMENTS




PRBS15/250 Pattern Sensitivity

Eille Pattern PG Setup ED Setup  Besulks  Emor Analpziz Ublity Help
15
® 2 PR BS Delta EER D 554E-3 WI— Errar f-‘uddl EEECEE I
-1 -0 -9 - -6
m ——————
® 250 V Xt F\attern
PG Setup Errar PanjZoom _ ) orint _
ED Setp Signature... | Cursor w1 7 Fit Grap Properties...
Fesults
 All errors stem —_— 106
. ; Error Analysis : | ; | 1
from one point in J—— 5 15358 5 \ [15800
the pattern - — ! — 542 . »
'—. m E4' """"""" i STy TTTTEEsEsEETs I S
Correlation E 4158
= F= = E E E E
— E 1004 - -omeme - R B RlREEEEEEEEEE FERRERY CEREEEE
Error Statistics
E:‘I;-l"i 1 1 ' : 1 1
— 15000 15200 15400 15600 15200 16000
Error Free RAM (Bits)
Interval 1011010101 TTaT 1211111111111 151 T Q000 T 07 OO0 T O
: Bin Fes: 1 32768 bits in cycle Syrnbal mode off Timebase aff
ul..l Curs Area; 0 xl: 15358 x2: 15900 s 542
EEEEt?rﬂh _I — MDrE | Elapsed |:||:| |:|El 1?
IF'G Ptm: 2% PRES |ED Ptrm: 219 PRES IF'G Clk Rate: 3.6100 GHz IED Clk Rate: 3.6100 GHz |J
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PRBS15/500 error statistics

2 15 P R BS Eille Pattern PG Setup ED Setup  Besulks  Emor Analpziz Ublity Help
[ J
Delta BER: 0.327E-6 WI— Error add ) Inserte |
A1 10 -9 -8 -F -6 -5 -4 -3 -2 -1 0
e 500MV Xt |
attern
PG Setup B 5 .
— Firt... roperties. ..
ED Setup s
Results
Error Analysis Counts Properties
— | Total Bits 1,272,295,000,334 Burst Err Free Thresh 1584
P L Total Erraors 361,135 Minirmum Burst Length 2
c A_I’.c Mon-Burst Related 361,135 Integration Period 1.00E+12
OFFEIEtion Burst Pelated 0 Symbol Mode Bits
p— Markers 1]
= REemoved Errors dizabled
Error Statistics Rates
| Tatal Errors 2.84E-07
— Mon-Burst Related 2.B4E-07
Error Eree Eﬂursl;c Related III.IIIIZIED-FE:ZI
Interval ATKErS Z
_ratem .| | More.. | Elapsed 00:05:52
IF'G Ptm: 2% PRES |ED Ptrm: 219 PRES IF'G Clk Rate: 3.6100 GHz IED Clk Rate: 3.6100 GHz |J
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PRBS15/500 Pattern Sensitivity

Eille Pattern PG Setup ED Setup  Besulks  Emor Analpziz Ublity Help
® 215 PRBS b eaEE 2 EdﬁE'T WI— Error Addl Insert B I
® 500mv Xt F\attern

PG Setup Error Pan/Zoom _ Brint _

ED Setp Signature... | Cursor w1 7 Fit Graph FInt... Properties...

« Astheerrorrate [EE o
) Error Analysis 250037 ] ] 0 |
InCcreases g ! \_,_ﬂ%'% 5 \ [15000
additional pattern ﬁ P S L P — sq2l—+ |
positions fail. Coivelifon  § s | | ' |

« The dominant ER | E E E

. . . o T A R
fallure pOInt Stl” Error Statistics . . . .
accounts for efi | . ; , i :
09.9% of errors == 15000 15200 15400 15600 15800 16000
' _ Errar F RAM (Bits)

e Pattern failure E;Dt;w;'ﬁe 101107010107010110111111111171181 1000000000001 101 000000000071 01
pOintS are too far _L_‘ Bin Res: 1 32768 bits in cycle Symbal mode off Timebase off
apart tO cause | Curs Area; 0 xl: 15358 x2: 15900 s 542
burst errors o | ore.. | Elapsed 00:05:52

IF'G Ptrn: 219 PRBS IED Ptrn: 219 PRES IF'G Clk Rate: 3.6100 GHz IED Clk Rate: 3.6100 GHz I
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PRBS15/625 error statistics

Eille Pattern PG Setup ED Setup  Besulks  Emor Analpziz Ublity Help

d 215 PR BS WI—’—’—’—’— Error add ) Inserte |

A1 10 -9 - -F -6 -5 -4 -3 -2 -1 0
m ——————
® 6 2 5 V Xt F\attern
PG Setup B 5 .
Firt... roperties. ..
ED Setup s
Results
Error Analysis Counts Properties
.BE | Total Bits 1,244,397,493,112 Burst Err Free Thresh 1584
— Total Errors 1,077,375 Minimutm Burst Length 2
Bl ‘E’ MNon-Burst Related 1,077,215 Integration Period 1.00E+12
O ErrOrs Burst Related 160 | |Symbol Maode Bits
P Markers 0
— Eemaved Errors dizabled
Burst Length Rates
CO Total Errors 8.66E-07
..‘..;L. Mon-Burst Related 8.66E-07
. Burst Related 1.29E-10
Correlation
Markers 0 Hz
FEF=
=

Error Statistics

e | More... | Elapsed 00:05:44
IF'G Ptr: 215 PRES IED Ptrm: 215 PRES IF'G Clk Rate: 3.6100 GHz IED Clk Rate: 3.6100 GHz |J
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PRBS15/625 Pattern Sensitivity

Eille Pattern PG Setup ED Setup  Besulks  Emor Analpziz Ublity Help
e 215 PRBS T ea EIER 1D15E-G W|— Error Add) Inserte |
——————
e 625MmV Xt Patten |
PG Setup Errar PanjZoom _ ) orint _
—ED St Signature... | Cursor w1 7 Fit Grap Properties...
L. L Results
pattern positions neE 1o 2430 | oeceo=s 155 1069370 |- poeseze==oed
have now appeared e a ———J12000 . | |
e Correlation g qeado Ao —— ]
- Some are within T : ; : : :
1584 bits of g ElE . . . .
each other, So istics W0 A e ]
burst errors can _ N ‘J ‘ i Ll
gt | 1 : ; : :
occur. — 5000 10000 15000 20000 25000 30000
) — RAM (Eits)
Error Free
° Th_e domlr?ant ) Interval WL WA RS RRESeRREs 1 101010101010110111111111117101 [leessssiRls
fallure pOInt Stl” : Bin Res: 30 32768 bits in cycle Syrnbal mode off Timebase aff
accounts for _l.l Curs Areal 0 ®1: 15330-15359 K2 2430-2459 D: 12900
99.2% of errors Jatem o T e | Elapsed 0iosiad
IF'G Ptrn: 219 PRES IED Ptrm: 2% PRES IF'G Clk: Rate: 3.6100 GHz IED Clk: Rate: 3.6100 GHz I
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PRBS15/625 burst length distribution

Eille Pattern PG Setup ED Setup  Besulks  Emor Analpziz Ublity Help
® 215 PRBS Delta BER: 0.816E-6
- V. E add | | tB
41 -0 9 -§ -7 6 5 -4 -3 -2 -1 0 WI— p— flser I
——————
® 625mv Xt F\attern
PG Sehp Error Pan/Zoam . : .
Print...
ED Setup Signature... | ' Zoom X s P E o Properties...
 All 160 burst E—
errors are exactly  |\Erar snalysis s : : ! : ; ; ;
e e e e il e it e S
the same length Bef = - - - ! ! ! !
EHE 1 1 1 1 1 1 1
~1350 bits long Black Errars o 18O -oeooo- ek Rty im oo o ARRRRhhbb prommsmmsdeneed
£
i £ : : : : : i i
jnd g oo poos R F I oo po=emes poo 1T
Burst Length o . . . . . . .
— O
Correlation 1 L ; 5 i n R ;
200 400 00 00 1000 1200 1400
== Burst Length (Bits)
—
e | Bin Res: 2 Err free thresh: 1554 | Syrbol mode off | Timebase off |
e | More... | Elapsed 00:05:44
IF'G Ptrn: 219 PRES IED Ptrm: 2% PRES IF'G Clk Rate: 3.6100 GHz IED Clk Rate: 3.6100 GHz I
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PRBS15/1375 error statistics

Eille Pattern PG Setup ED Setup  Besulks  Emor Analpziz Ublity Help

d 215 PR BS WI—’—’—’—’— Error add ) Inserte |

A1 10 -9 - -F -6 -5 -4 -3 -2 -1 0
m ——————
® 1 3 7 5 V Xt F\attern
PG Setup B 5 .
Firt... roperties. ..
ED Setup s
Results
Error Analysis Counts Properties
— | Total Bits 1,511,452,013,376 Burst Err Free Thresh 1584
P L Total Erraors 2,229,518 Minirmum Burst Length 2
c A_I’.c Mon-Burst Related 2,013,059 Integration Period 1.00E+12
OFFEIEtion Burst Related 216,459 | |Symbal Mode Bits
p— Markers 1]
= REemoved Errors dizabled
Error Statistics Rates
o | Total Errars B.36E-06
— Mon-Burst Related 8.14E-06
Error Eree Burst Related 2.20E-07
Irterval Markers 0 Hz
Sguelch

ESEEEETLJ;I I Mare. .. I Elapsed 00:06:59
IF'G Ptrn: 2% PRES IED Ftrn: 215 PRES IF'G Clk Rate: 3.6100 GHz IED Clk Rate: 3.6100 GHz IJ
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PRBS15/1375 Pattern Sensitivity

Eille Pattern PG Setup ED Setup  Besulks  Emor Analpziz Ublity Help
® 215 PRB Delta BER: 0.826E-5
S I 1 e WI— Errar Add | Inserte |
——————
PG Setup Errar PanjZoom _ ) orint _
. - ED Setp Signature... | - 7 Fit Grap Properties...
e At this highest T
level of crosstalk Error &nalysis ! ! ! ! !
there many failing 4 e S St SRRt R SRR b .
pattern pOSItlonS' Carrelation @ : : ; :
ml =08 S R B TR BE B BRI £ BRI EEEE BE FUEEE | EEEE Rk B BE EEEY EEEEE BEEE | SEEE
E U 1
5
5 e
Error Statistics 100+ 4 11t i 111"
— , M | ‘ LJ“wll m h
I 5000 10000 15000 20000 25000 20000
Interval RAM (Bits) Squelch
“L“l | Bin Res: 30 | 32768 bits in cycle | Syrbol mode off | Timebase off |
Efizt?rﬂh _I — MDrE | Elapsed |:||:| |:|El 59
IF'G Ptrn: 219 PRBS IED Ptrn: 219 PRES IF'G Clk Rate: 3.6100 GHz IED Clk Rate: 3.6100 GHz I
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PRBS15/1375 burst length distribution

Eille Pattern PG Setup ED Setup  Besulks  Emor Analpziz Ublity Help
® 215 PRBS Delta BER: 0.855E-5
- W E add | | tB

41 -0 9 -§ -7 6 5 -4 -3 -2 -1 10 WI— p— flser I

——————

PG Setup Error Pan/Zoom : , .

Print...
; ED Setup Signature. .. | | Zoom X s P E o Properties...
e Thereisnow a E—
distribution of Error Analysis : ! ! : ! !

- . I EEEEEEE REEEEEEES e L R e EE EEEEEEEE
burst error .Bef < ! - - - - - -
Iengths Block Errors o BB -ceooo- o o oo R bbbk Rt Rl

- Due to many = . . . . . .
failing pattern — 5t e e e R e
positions and Burstlength | O : : I
their spacings — 1004-----f- - - -1
Correlation 1 : : i i
200 400 a0 200 1000 1200 1400
= = Burst Length (Bits) Squelch
—
e | Bin Res: 2 Err free thresh: 1554 | Syrbol mode off | Timebase off |
e | More... | Elapsed 00:06:59
IF'G Ptrn: 219 PRBS IED Ptrn: 219 PRES IF'G Clk Rate: 3.6100 GHz IED Clk Rate: 3.6100 GHz I
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PRBS23/0 error statistics

Eille Pattern PG Setup ED Setup  Besulks  Emor Analpziz Ublity Help

e 223 PRBS WI—’—’—’—’— Errar Add | Inserte |

41 -0 -9 -8 -F b -5 -4 -3 -2 -1 0
m ——————
® O V Xt F\attern
PG Setup B 5 .
Fitit roperties. .
ED Setup s
Results
Error Analysis Counts Properties
—= Total Bits 2, 197,639,012,354 | Burst Err Free Thresh 1584
= Total Errors 20,058 |Minimum Burst Length 2
£ E{ . Mon-Burst Related 20,058 | |Integration Pericd 1.00E+12
Fror ISHES Burst Pelated 0 Symbol Mode Bits
e Markers 1]
—! Eemaved Errors dizabled
E;r?]; Frele Rates
ks Total Errors 1.04E-10
i Mon-Burst Related 1.04E-10
L..l‘l Burst Related 0.00E+00
Patterm Markers 0 Hz
Sensitivity

Cheim r‘ln—.ﬂ-;l I Mare. .. I Elapsed 14:47:20
IF'G Ptrn: 22% PRES IED Ftrn: 222 PRES IF'G Clk Rate: 3.6100 GHz IED Clk Rate: 3.6100 GHz IJ
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PRBS23/0 Pattern Sensitivity

223 PRBS File Pattern PG Setup ED Setup  Hesults  Emor Analpsis Uty Help
e
Dglta BER: 0.000
O V Xt a _1 . Error add ) Inserte |
[ J m ——
Pattern
PG Setup Errar PanfZoarm _ orint _
. The 223 PRBS has ST Setup Signature... | Zoom y; Fit Graph Properties. ..
or- . Results
Eagy _iz;lllng r|c])0|nts Evar el | 166
ut with such a =l
long pattern they T N s
are sufficiently Errar Statistics | 5 | | !
- T
far apart not to e, = | , ,
produce burst Error Free O BOFTb P AR I i
errors Interval |
NN N N
* There are two ﬁ*.l ' 2000000 4000000 5000000 2000000 1000000¢
main failure points Pattern RAM (its)
—  Responsible for Sensitivity _ - _
96% of all Il/l | Bin Res: 10000 | 8385608 bits in cycle | Syrnbol mode off | Timebase off |
errors - F I More... | Elapsed 14:47:20
- Shown on next |PG Ptm: 22° PRES  |ED Ptm 29 PRBS PG Ck Rate: 3.6100 GHz |ED Ck Rate: 3.6100GHz | |

two slides
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PRBS23/0 Pattern Sensitivity

23 Eille Pattern PG Setup ED Setup  Besulks  Emor Analpziz Ublity Help
e 223 PRBS on e o
Delta BER: 1.335E-9 WI— Error Addl Insert B I
A1 <10 -9 % -7 6 5 -4 -3 -2 -1 0
——————
e OI I lV Xt Pattern
PG Setup Error PanZoom _ ) orint _
ED Setp Signature... | cursar ¥l / Fit Grap Propertigs...
Fesults
e This point IS Errar &nalysis 1eg I I
. B ' FIFT322 | ! v FAAAAa0
responsible for E= : | — ;
= I 108 SR NGy S p———— S —————
53% of all errors Error Statistics 2 ; ; : :
] 0 i 0 '
iefi | 5 E E : E
— O LD o e LT TP P EETS CECEPRE
Error Free
Interval
1 1 1 1 1
i 7777000 7FF7200 7777400 FFF7E00 FFFFE00 7778000
o RAM (Bits)
Pattarn D]DH10100011100111111011111115100000110100001001011101110101
SEREl ) Bin Fes: 1 A388603 bits in cycle Syrnbal mode off Timebase aff
j fl Curs Area; 0 Al FAPTSES Rey FrRan s 577
Cheim r‘ln—.ﬂ-;l I M Elapsed 14:47:20
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PRBS23/0 Pattern Sensitivity
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PRBS23/250 error statistics

Eille Pattern PG Setup ED Setup  Besulks  Emor Analpziz Ublity Help

e 223 PRBS WI—’—’—’—’— Errar Add | Inserte |

A1 10 -9 - -7 -6 -5 -4 -3 -2 -1 0
m ——————
® 2 5 O V Xt F\attern
PG Setup B 5 .
Firt... roperties. ..
ED Setup s
Results
Error Analysis Counts Properties
—= Total Bits 1,275, 767,808,192 Burst Err Free Thresh 1584
= Total Errors 33,967 | |Minimum Burst Length 2
£ E{ . Mon-Burst Related 33,967 | |Integration Period 1.00E+12
Fror ISHES Burst Pelated 0 Symbol Mode Bits
Sl | Markers 0
—! Eemaved Errors dizabled
Error Free Rates
Interval
Total Errors 7.94E-09
i Mon-Burst Related 7.94E-09
L..l‘l Burst Related 0.00E+00
Patterm Markers 0 Hz
Sensitivity

Cheim r‘ln—.ﬂ-;l I Mare. .. I Elapsed 00:19:44
IF'G Ptrn: 22% PRES IED Ftrn: 222 PRES IF'G Clk Rate: 3.6100 GHz IED Clk Rate: 3.6100 GHz IJ

®i? TEXAS INSTRUMENTS




PRBS23/250 Pattern Sensitivity
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PRBS23/250 Pattern Sensitivity
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PRBS23/500 Error Statistics
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PRBS23/500 Pattern Sensitivity
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PRBS23/500 burst length distribution
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PRBS23/1000 Error Statistics
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PRBS23/1000 Pattern Sensitivity
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PRBS23/1000 burst length distribution
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PRBS23/1000 burst length distribution
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Interpreted Results
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Burst error probabilities

e The charts in the following slides show the relationship between overall
BER and Burst error rate

- Any two error events less than 1584 bits apart are regarded as a burst

- 1 did not acquire data for long enough to resolve burst error rates to
levels better than 1le-12

e Where 0 burst errors were detected, | have plotted rate as 1e12
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210 PRBS Error rates
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215 PRBS Error rates
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223 PRBS Error rates
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Conclusions (1)

1. |see no evidence for any mechanism that causes multi-bit errors.
e The receiver used only has linear equalization
e DFE is known to have error multiplication properties

2. The rate of burst errors declines as the square of the decline in
overall BER
e This is what we would expect if burst errors are made up solely of pairs
of independent single bit errors
e Due to this :
a. For BERs below 1e-7 only single bit events were observed.
e Within the (relatively) short acquisition time
b. For BERs at or above 1e-7, burst errors within the 1584bit frame
size of the CEI-P FEC start were observed.

= However these "bursts" are pairs of single bit errors spaced less than
1584 bits apart.

 No contiguous bit errors observed
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Conclusions (2)

3. The cause of bit errors is pattern sensitivity in the receiver.
- At lower BERs >80% of bit errors come from just 1 or 2 pattern positions
in the shorter PRBS's.
- Addition of crosstalk to the channel increases BER by increasing the
number of errors that occur at sensitive points in the pattern.

For small and medium crosstalk amplitudes only a few major
sensitive points seem to be stimulated
Large crosstalk amplitudes suddenly start stimulating many more

sensitive points
- If sensitive points are closely spaced they will produce burst errors
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Conclusions (3)

4. BER performance is strongly affected by length of PRBS used -
longer PRBSs hit more sensitive spots.
e A Short PRBS (27) has low BER as it does not have the long strings of 1's &
0's needed in the sensitive patterns.
e - A Medium PRBS (219,215) has worse BER as it hits more sensitive

patterns, but doesn't generally cause burst errors unless the error points
are <1584 bits apart.

e - Along PRBS (2%%) has worst BER. Sensitive points within the pattern
have relatively random distribution leading to a semi-uniform
distribution of error spacing (and hence burst length).

5. If we presume scrambled data is random we will see similar BER
results as that for long PRBSs.
e le error distribution will appear pretty uniform and random.

= However if the underlying error mechanism is pattern dependant, it
would certainly be possible to construct "killer patterns".

e This is a far wider problem than the construction of FEC codes
e there will be implications for CRC too.
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