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M AKX/ Overview

SAS-2 specification compliance test are based on an eye opening
after a reference DFE receiver

“StatEye or Equivalent” processing

The SAS-2 user community needs a reference receiver software
solution based on captured waveform data

Tx Compliance
Table 61 Ref Rx output (required 84mV x 0.5Ul)

Stressed Rx Compliance ISI generator Calibration
Table 72 ( required LDP 13dB )

Goal

Investigate if these compliance test can be based on SASWDP 08-
345v0

Proposal
Provides processed synthesized and measured waveforms
Dry run the compliance test with test equipment
Proposed changes for Spec
Suggestions for enhancements of SASWDP code
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Test Channel

10m MiniSAS

De-Emphasis
Generator

FR-4 Micro Strip
Test Board
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PG w/ DE Box

1000mV pk-pk
2.2dB DE

File Control Setup Trigger Measure Utilities
Acquisition is stopped.

0 GSa/s 1.00 kpts

Analyze Help 15 Sep 2008 3:14 PM File Control Measure Analyze Utilities

Setup Trigger Help

16 Sep 2008 10:55 AM

B GSa/s 1008 kpts

T = eof® o Elsx
Markers Histogram‘ Grade | Status | Scales
Mean -23.201689 mV  Median -101.613 mV
X Scale 33.642 khits/  Std Dev 3 8 Mode -394.355 mV
X 0ffset O hits pxlo .2% p-p 1.052419 V
p+20 5 Min -532.258 mV
p+30 5 Max 520.161 mV

T @ ®|0| &l

Markers [Sl=Glg Color Grade | Status | Scales
Mean -7.320 mV Median -35 mV 2.265 Mhits
X Scale 13.643 khits/  Std Dev 381.442 mV Mode -381 54.64 khits
X O0ffset 0 hits pxlo 47.1% p-p
u=2c 100% Min
p=3c  100% Max

D30.3
w/ pattern
trigger
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Averaging Example

Measure the average of the differential signal with a pattern
trigger

RJ is virtually eliminated

File Control Setup Trigger Measure Analyze Utilities Help 16 Sep 2008 10:15 AM

Markers Histogram‘ Scales
Mean -284.52 pV Median -24.19 mV Hits 4.854 Mhits
X Scale 61.173 khits/ Std Dev 346.852 mV Mode -362.90 mV Peak 244.8 khits
X 0ffset 0 hits uxlo 24.4%
u*x2c  100%
u+3o

D30.3
1024 Averages w/ pattern
trigger
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PRBS-7

Synthesized Waveforms
SASWDP(TX est*h_est)

BER map : symbols_MiniSAS10m1000mV2dBDEPRBS716X txt -> y_MiniSAS10m1000mV2dBDEPRBS716X txt
1 0

09

-2
08

0
05 -04 03 -02 -01 0 01 02 03 04 05
Time (U)

XWDP =12.1
NC-DDJ =0.320

Correlation Runs

Tx Compliance Test (#1)
SASWDP(TX lab*h_est)

BER map : { symbols_pgde_ref_tx_1000mV_2p2dB_prbs7_2cables.txt * h_MiniSAS10m16X.txt }
1

08

Normalized amplitude
s o o o o o
S 2 e 5 S &

o
o

o

&0
o

-04 -03 -02 -01

0 01 02 03
Time (UI)

xWDP =11.0
NC-DDJ =0.313

Normalized amplitude

ISI Gen Compliance
SASWDP(RX_lab)

BER map : .fisi_compliance_datafiles/y_pgde_10m_prbs7.txt

03 -02 01 0 01 02 03 04
Time (UI)

xWDP =10.6
NC-DDJ =0.306
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Tx Compliance
SASWDP

* PG-DE: PRBS-7 : 1024 Averages, 256 Symbols

Stressor
0.03
BER map : { symbols_pgde_ref_tx_1000m\V/_2p2dB_prbs?.txt * h_MiniSAS10m16X.txt }
0.02 1
0.9

0.01

0 - -0.4

-200 0 200 400 0 0.5 1

xpgdereftx1 OOOmV2p2dBprb97.txt hMiniSAS1 Om16X.txt

Tx and Tx*h

05 -04 -03 -02 -01 0 01 02 03 04 05
Time (Ul)

xWDP = 10.8 dBe
NC-DDJ =0.306
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Tx Compliance
SASWDP

* PG-DE: Scrambler Output : 1024 Averages, 2536 Symbols

Stressor Rx PWL
0.03 ; 0.4 .
0.02 BER map : { symbols_pgde_scram_1c_0m_0in_1v.txt * h_MiniSAS10m16X.txt }
. 1
0.9
0.01
0.8
_ ; 0 0.7
0 05 1 -200 0 200 400 ®
o
Xgde cram, comgin, v.bxt hy,iNISAS10m 16X txt H 08
B 05
Tx and Tx*h &

0
05 -04 -03 02 -0.1 0 o1 02 03 04 05
Time (UI)

xWDP = 10.4 dBe
NC-DDJ =0.171
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Normalized amplitude

Normalized amplitude

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

2 Cables + 10m MiniSAS + 4”’FR4

0.9
0.8
0.7
0.6

0.

.5
0.4

03
0.2
0.1

0

Tx Compliance (simulated 10m Cable & Scrambler Output)

1 Cables + 10m MiniSAS

BER map : { symbols_pgde_scram_1c_Om_0in_1v.txt * h_MiniSAS10m16X.txt }

1 0
-5
a i
-15

0
-0.5 -0.4 03  -02 -01 0 0.1 0.2 0.3 0.4 05

Time (U

BER map : { symbols_pgde_scram_2c_Om_4in_1v.txt * h_MiniSAS10m16X.txt }

1 0
-5
a i
-15

-0.5 -0.4 03  -02 -01 0 0.1 0.2 0.3 0.4 05

Time (U

A

2 Cables + 10m MiniSAS

BER map : { symbols_pgde_scram_2c_0m_0in_1v.txt * h_MiniSAS10m16X.txt }

1 0
09
08
07
5
06
05
04
-10
03
02
01
0 15

-05 -04 -03 -02 -01 0.1 0.2 03 0.4 0.5

Normalized amplitude

0
Time (UN)

2 Cables + 10m MiniSAS + 6”FR4

BER map : { symbols_pgde_scram_2c_0m_6in_1v.txt * h_MiniSAS10m16X.txt }

1
=
0

05 -04 -03 -02 -01 0.1 0.2 03 0.4 0.5

o o o
@ ~ o

Normalized amplitude
o
o

0.4

-10
03
02

-15

0
Time (UD)

2 Cables + 10m MiniSAS + 2”FR4

BER map : { symbols_pgde_scram_2c_0m_2in_1v.txt * h_MiniSAS10m16X.txt }

1 0
0.9
0.8
07
o
3
EXTS
=
E
&
B 05
N
E
5 0.4
z
-10
03
02
0.1
0 -15

05 04 -03 -02 -01 0 01 02 03 04 05
Time (UD)

2 Cables + 10m MiniSAS + 8”’FR4

BER map : { symbols_pgde_scram_2c_0m_8in_1v.txt * h_MiniSAS10m16X.txt }

1 0
09
08
07
5
06
05
04
-10
03
02
01
0 15

-05 -04 -03 -02 -01 0.1 0.2 03 0.4 0.5

Normalized amplitude

0
Time (UN)



M AKX/

Summary of Tx Compliance Test Results

TX xWDP: b=prbs-7 k=scram r = sascjtpat

Test
PG-DE ( 1 Cable)
PG-DE ( 2 Cables)
PG-DE ( 2 Cables) + 2” FR-4
PG-DE ( 2 Cables) + 4” FR-4
PG-DE ( 2 Cables) + 6” FR-4
PG-DE ( 2 Cables) + 8” FR-4

PG-DE ( 2 Cables) + 8” FR-4
and re-optimized DE

NoakwbA
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Summary of Tx Compliance Test Results
SASWDP & EYEOPENING

TX Eye Opening

045 b b .............

° Test
. PG-DE ( 1 Cable)
. PG-DE ( 2 Cables)

-05-

*  PG-DE (2 Cables) + 2” FR-4 %
*  PG-DE (2 Cables) + 4” FR-4 5
*  PG-DE (2 Cables) + 6” FR-4 508851
*  PG-DE (2 Cables) + 8” FR-4 ®
*  PG-DE (2 Cables) + 8” FR-4
and re-optimized DE o6l

Blue = prbs-7
Red = SAS CJTPAT
Black = scrambler output
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Proposed Changes for

Tx Compliance Comment Resolution

Changes
Remove eye opening specification

Table 60 — Transmitter device signal output characteristics for trained 1.5 Gbps, 3 Gbps, and 6 Gbps

- at IT and CT
Add a maximum 13 dBe xXWDP —— — — ——
ignal characteristic nits inimum omina aximum
Add a maXImum 0.4 UI NC'DDJ (TBC) zjs:;rc;;:jeikvoltageifSATAis not mV(P-P) 850 1200
Change Pattern tO Zero seed Transmitter device off voltage ® mV(P-P) 50
scram bler output Withstanding voltage (non-operational) mV(P-P) 2 000
Riseffall time © ul 0.25 d
Add data COIIeCtlon nOte (h): Reference differential impedance © ohm 100
Co"ected Wlth zero Iength test Ioad Reference common mode impedance € ohm 25
(5 4 2 2) Common mode voltage limit (rms) T my 30
e Random jitter (RJ) O J Ul R

Sufficient number of averages to
minimize RJ

|

See 5.4.6.4.5 for measurement methed.
The transmitter device off voltage is the maximum A_C. voltage measured at compliance points IT and

Pattern length (2536 bits)
Add POSt ProceSSing NOte (i) CT when the transmitter is unpowered or transmitting D.C. idle (e.g., during idle time of an QOB signal).
Rise/fall times are measured from 20 % to 80 % of the transition with a repeating 01k or 10b pattern

=

@ +a a

Convolve with impulse response of {e.g., D10.2 or D21.5)(see table 237 in 10.2.9.2) on the physical link.
R 0.25Ul'is 41.6 ps at 6 Gbps.
transmitter test load (5.4.2.5)
This is a broadband limit. For additional limits on spectral content, see figure 131 and table 61.
RJis 14 times the RJ 1 sigma value, based on a BER of 10712, This test shall be performed with a
Pr with SASWDP transmitter device supports S5C, then this measurement shall be performed with both S5C enabled and
ocess t S S COde SSC disabled. For simulations based on a BER of 1073, the RJ specified is 17 times the RJ 1 sigma

For transmitter device S-parameters characteristics, see 5464 2.
Extract Data bits , E : >d wi
repeating 01b or 10b pattern (e.g., D10.2 or D21.5)(see table 237 in 10.2.9.2) on the physical link. If the
H wvalue.
Add Appendlces for SASWDP code 0.15 Ul is 25 ps at 6 Ghps.

h
A A . f | | ' 0.30 Ulis 50 ps at 6 Gbps.
I See 5.4.52 for JMD requirements.
dd ppendlces or mpu se K This value is obtained by simulation. It represents the resulting signal output within the reference
response receiver device (see 5.4.7.4.3) after equalization, when the transmitter device output signal of [
is transmitted through the reference transmitter test load (see 5.4.2.5). The specific simulg#®n program
n used (e.g.. StatEye from http://www.stateye org) is not specified by this standard.

zero seed scrambler output

WDP calculation like saswdp
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ISI Generator Calibration w/ Scrambler Output

© Capture Receiver Device Input Signal

Rx PWL : pgdescram2010m0in1v
0.4

0

BER map : ./scrambler_datafiles/y_pgde_scram_2c_10m_0in_1v.txt
1

0 =

0.9

028

08
-0.4 ; SASWDP 07
0 0.5 1 8
) 206
pgde cram,c, Omjin, v » B
Rx 505
0.4 I I ! 5
: : : €04
=z
02 -
0 —
: : : 0
ook NS NN N NN 02 01 0 01 02 03 04 05
02 : : : Time (U)

XWDP =10.4 dBe
NC-DDJ =0.207




M AKX /I

Normalized amplitude

Normalized amplitude

Stressed Receiver Device Compliance Test Calibration Examples
10m & Incremental FR-4 PG/DE (Scrambler)

2Cables + 10m MiniSAS

BER map : ./scrambler_datafiles/y_pgde_scram_2c_10m_0in_1v.txt

0

-5
E ﬂ

-15

05 04 -03 -02 01 0 01 02 03 04 05
Time (UN)

3Cables + 10m MiniSAS + 4”’FR4

BER map : ./scrambler_datafiles/y_pgde_scram_3c_10m_4in_1v.txt

0.1 0.2 03 0.4 0.5

-05 -04 -03 -02 -01

0
Time (UN)

3Cables + 10m MiniSAS

BER map : ./scrambler_datafiles/y_pgde_scram_3c_10m_0in_1v.txt

0

-5
c ﬂ

-15

-05 -04 -03 -02 -01 0.1 0.2 03 0.4 0.5

Normalized amplitude

0
Time (UN)

3Cables + 10m MiniSAS + 6”’FR4

BER map : ./scrambler_datafiles/y_pgde_scram_3c_10m_6in_1v.txt

-05 -04 -03 -02 -01 0.1 0.2 03 0.4 0.5

Normalized amplitude

0
Time (UN)

3Cables + 10m MiniSAS + 2”FR4

BER map : ./scrambler_datafiles/y_pgde_scram_3c_10m_2in_1v.txt

1 0
0.9
0.8
0.7
0.6
0.4
-10
03
0.2
0.1
-15

05 04 -03 02 -01 0 01 02 03 04 05
Time (U

&

Normalized amplitude
o
o

3Cables + 10m MiniSAS + 8”FR4

BER map : ./scrambler_datafiles/y_pgde_scram_3c_10m_8in_1v.txt

&

Normalized amplitude

-15
-05 -04 -03 -02 -01 0.1 0.2 03 0.4 0.5

0
Time (UN)
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Summary of Stressed Receiver Device Compliance Test Calibration
Examples with Increasing Stressor

Test
PG-DE ( 2 Cables) + 10m
MiniSAS
PG-DE ( 3 Cables) + 10m
MiniSAS
PG-DE ( 3 Cables) + 10m
MiniSAS + 2” FR-4

PG-DE ( 3 Cables) + 10m
MiniSAS + 4” FR-4

PG-DE ( 3 Cables) + 10m
MiniSAS + 6” FR-4

PG-DE ( 3 Cables) + 10m
MiniSAS + 8” FR-4

Observation
1m Cable ~0.5 dBe
2” FR-4 Micro strip ~ 1dBe

XWDP: b=prhs-7 k=scram
I

NC-DDJ: b=prbs-7 k=scram

0.5
0.45
0.4

S 035
0.3

0.25

| 0.375Ul < ISI Gen Limit w/ PRBS-7 < 0.425 Ul (TBC)

T T T T T T T T

-
-
-—"‘
=]

-
et
-
-
-
-
o

-
-
=
et
“Tohat

1V (solid) and 2V (dashed) pk-pk scrambled Data
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Summary of ISI Compliance Test Results
SASWDP & EYEOPENING

ISI Cal WDP
16 F T ' !

ISI Cal Eye Opening

Test
1.  PG-DE (2 Cables) + 10m
MiniSAS
2.  PG-DE ( 3 Cables) + 10m
MiniSAS

3.  PG-DE ( 3 Cables) + 10m
MiniSAS + 2” FR-4

4.  PG-DE ( 3 Cables) + 10m
MiniSAS + 4” FR-4

5. PG-DE ( 3 Cables) + 10m
MiniSAS + 6” FR-4

6. PG-DE ( 3 Cables) + 10m
MiniSAS + 8” FR-4

% Eye Opening
dBe

Observation
1m Cable ~0.5 dBe
2” FR-4 Micro strip ~ 1dBe




M AKX/

D24d3 ISI Calibration

D24d3 vs. FR-4 Adder | - Somesese
800mV 2dB Tx e 2*95mV > Target Spec > 2°75mV.
1709 ' :
900mV 2dB TX |
=2 150mV I
150 [mmmmmmmmmmmm e m e m
Test EMO_____,___: ......
PG-DE ( 2 Cables) + 10m '
MiniSAS 130 |
PG-DE ( 3 Cables) + 10m 1200
MiniSAS
PG-DE ( 3 Cables) + 10m e -
MiniSAS + 2” FR-4 - ‘ ‘ ; |
PG-DE ( 3 Cables) + 10m .
MiniSAS + 4” FR-4

PG-DE ( 3 Cables) + 10m Far End 10m + 4~
MiniSAS + 6” FR-4

PG-DE ( 3 Cables) + 10m
MiniSAS + 8” FR-4

Measure
ppppp

26 Sep 2008 2:22 PM

12 GHz

g vors || = ele ol Eleky N [~ EEE— o
' A [ Color Grade| Status | Scales
g < A Delete Y
E { & L1 A All A
B

o
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Differential Vollage

Spec Typo

Figure 123 was not updated to match Table 71

0.15

0.10

0.05

0.00

-0.05

....................................

..............................................................

D24 3 IS Calibration
EE]EI mV <V <230 mY C—

This should be 150> 190mV
Per: Table 71 in SAS2r14e
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Spec Changes to Resolve Comments

Change Pattern to Scrambler ( see table 223)
Rename LDP to WDP 13 min, 15 max
Include SASWDP Code as Appendix

Table 71 — Stressed receiver device sensitivity test characteristics

Characteristic | Units | Minimum | Typical | Maximum | Reference
Tx data pattern Scrambler with Zero Seed Annex A
Tx peak to peak voltage mW(P-P) 800 54641
Tx minimum riseffall time Ul 0.24 @ 54641
Transmitter equalization dB 2 54645
TxRJ ul 015 b 54641
Tx bounded uncorrelated jitter ul 0.00022 °©
Waveform Dispersion Penalty 9B 5 15 i
DZ4.3 delivered eye opening (£1) = | mY 75 95 b454
ISR oS I e ————— —— ———— ———————————————
NEXT offset frequency ppm 20
Total crosstalk amplitude = T MY s 4

8 024 Ulis 416 ps at 6 Gbps.

b 0.15 Ulis 25 ps at 6 Gbps.

€ 0.000 22 Ul is 0.036 ps at 6 Gbps.

9 Link dispersion penalty is the WDP of the delivered signal computed with Palloc = 15.4 dB.

& This specification pertains to the delivered signal at IR or CR during the receiver device compliance test.
All adjacent phys in the receiver device shall be active with representative traffic with their maximum
amplitude and maximum frequency of operation. Additional pseudo-random crosstalk shall be added, if
needed, to meet the total crosstalk amplitude specification.

f Observed with a histogram of at least 1 000 hits.

Editor's Note 2: Numercus changes are piled up for that table, awaiting work on SASWDP to
complete. See 08-202, 08-330, 08-345.
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SASWDP Enhancements

Change Q0=7.9419; % for BER = 107(-15)
Normalize Eye for no AGC eye opening, W = 1, like DFEEYE
Return vertical and horizontal eye opening, like DFEEYE
1e-15
ISI only (eye lid)
Change hard coded baud rate in specification to variable
Small robustness enhancements
min(find(...
Enable row or column vectors as inputs
NC _DDJ ( sum of both sides vs. 2 x 1 side?)

More Robustness to waveform dependencies
SAS CJTPAT vs. PRBS-7, PRBS-10 (see T10/08-330r0/1/2)
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Summary

*  Dry run of SASWDP based Tx compliance test results
presented
* Changes proposed to results Table 61 & 71 comments

© Early look at ISI calibration results provided
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EYE_OPENING & SASWDP Results

Matched Means SASWDP

N \

*WDP: b=p&7 \
20 T ! \ !
Test | |
1.  PG-DE (2 Cables) + 10m
MiniSAS
2.  PG-DE ( 3 Cables) + 10m
MiniSAS
3.  PG-DE ( 3 Cables) + 10m 5 : .
MiniSAS + 2” FR-4 :
4. PG-DE (3 Cables) +10m o————~————1 -20Log10(EyeOpening8b10b)
MiniSAS + 4” FR-4
5.  PG-DE (3 Cables) + 10m 05 NC-DD.: bprbs-7
MiniSAS + 6” FR-4 >
6. PG-DE (3 Cables) + 10m 045 :____9_3_7_5>_g_|_<_|_3| Gen Limit w/ PRBS- 7 <0. 425 uo T
MiniSAS + 8” FR-4 04 .
e R 2
0.35 [ . — S e — — _
Observation 0.3 ................... s T e, .................. ........................................................ ................ -
1m Cable ~0.5 dBe .

2” FR-4 Micro strip ~ 1dBe 1 15 2 25 3 3.5 4 45 5 5.5 6




