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. A
/, PCI Express Evolution |
A « 1l PCle 7.0 Development Underway !!! -

« HPC & Al/ML applications PCle 1.x 2.5 GT/s 2.0Gbh/s 250 MB/s 8 GB/s
* Increasing network bandwidths

PCle 2.x 5.0 GT/s 4.0 Gb/s 500 MB/s 16 GB/s
. ification Stat
Spec catio S.a L.JS PCle 3.x 8.0 GT/s 8.0 Gb/s ~1 GB/s 32 GB/s
« Base specification expected 2025
« Form factor & test specs TBD ‘ PCle 4.x 16.0 GT/s 16.0 Gb/s  ~2 GBIs 64 GB/s
— o —  PCle5x  320GT/s  320Gbls ~4GB/s 128 GBs
. | PCle6x  640GT/s  640Gb/s ~8GB/s 256 GB/s

220
200

PCle 7.x 128.0 GT/s 128.0Gb/s ~16 GB/s 512 GB/s

128 (x16)
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Increased Bandwidth ‘I 2 Future Proofing
with Low Latency

& Scalability
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2001 2004 2007 2010 2013 2016 2019 2022 2025
Time
—— PCle Bandwidth (GB/S) 1/0 Bandwidth Doubles Every Three Years
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” PCle 7.0 Specification Snapshot V-

4 PCle 7.0 Base Specification — Rev 0.5 under development

« Describes chip-level behavior on all levels of the stack

« PCle 7.0 CEM Specification — Pathfinding to start 2024
» Card electro-mechanical (CEM) defines system and Add-in Card level

 PCle 6.0 PHY Test Specification — Rev 0.7 under development
» Describes electrical compliance tests for Tx, Rx LEQ, & PLL Bandwidth

- -
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/ I PCle 5.0 PCle 6.0 PCle 7.0 (TBD)

Data Rate 32 GT/s 64 GT/s (PAM4) 128 GT/s (PAM4)

Add-in Card Loss 9.5dB @ 16GHz 8.5dB @ 16GHz ~9dB @ 32GHz
Rx Test (Channel Loss) -(34to 37)dB @ 16GHz -(30to33)dB @ 16GHz - (36to40)dB @ 32GHz
4 Poles; 2 Zero; DC Gain 6 Poles; 3 Zero; DC Gain 6 Poles; 3 Zero; DC Gain

” PCle 5.0 to 7.0 Base Specification Updates %/

Reference CTLE

Range (-5 to -15) dB Range (-5 to -15) dB Range (-5 to -15) dB
Reference DFE 3-Taps 16-Taps ADC Architecture
Reference FFE N/A N/A Expected
Eye Width (Rx Test) 9.375 ps 3.125 ps (top eye) ~1.5 ps (top eye)
Eye Height (Rx Test) 15 mV 6 mV (top eye) ~3 mV (top eye)
Lane Margining Required timing/voltage  Required timing/voltage Required timing/voltage
Refclk Jitter Limits <=150fs <=100 fs <=67 fs



PCle 5.0
Background




PCle® 5.0 Electrical Tests

« Transmitter (Tx) Signal Quality Test at 32GT/s
« End of channel eye diagram (eye width & eye height) @ BER E-12

Tx Preset Equalization Test at 32GT/s
» Measures voltage levels for Preset O to Preset 10 (new AC method)

Tx Uncorrelated Jitter at 32GT/s (Add-in Card)
* Intrinsic jitter of the Tx after removing channel impact — removed for systems

Tx Pulse Width Jitter (PWJ) at 32GT/s (Add-in Card)
» Measure of the variation between adjacent rising & falling edges — removed for systems

Tx PLL Bandwidth (Add-in Cards)
« Verifies an Add-in Cards Tx PLL bandwidth and peaking

Link Equalization at 32GT/s

» Tx starts with correct preset requested through protocol

» Tx responds to protocol changes and adjusts

* Receiver (Rx) correctly adjusts the link Tx and meets error criteria with a stressed signal



/, 32 GTis Signal Quality Test: Add-in Card K4

4

Real Time
Scope
(8.5dB package +
13.0 dB trace) >
Nominal 1.5 dB Q
/cable to scope 5
1.5 dB PCle [t%
Connector =L
| ||_| |
|
\
2.0 dB (3.0”) CBB Tx
trace
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& 32 GT/s Signal Quality Test: System

«— CLB
Real Time
Scope
(4.2dB package
\ +2.5 dB Trace)
.13 dB (2.0") Nominal 1.5 dB
CLB Tx trace cable to scope

! i DUT

";V
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4

1.5dB
connector

CLB Variable I1SI Board

& 32 GT/s Rx Calibration: Add-in Card

(including cable) Nominal Nominal 1.5 dB Real Time
2 5 dB trace cables to scope Scope
(MMPX-2.92 (4.2dB
\ cable) ~, package)
I] I
1.3 dB CLB Tx

trace matched
across all lanes

I | :
N \
Variable ISI Board

3.25 dB CBB Rx trace
matched across all lanes Nominal 19.75 — 22.75 dB trace

";V
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VA 32 GT/s Rx Link Equalization: Add-in Card

L DUT
gy 1.5dB
=3 connector
L. Cable
?3 from ——
o) BERT
= PPG

Nominal 1.5

dB cable to —

Error Detector

3.25 dB Rx trace : } |

l N
: Variable ISI Board (including cable)
! Nominal 19.75 — 22.75 dB trace

DV
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Test Fixture Characterization at 32 GT/s ol
/Transmltter \

0 o—as Signal Quality (EW/EH) @ TP2P RealTime
L': Real Time o System. 9.5dB added fgigi?dp;ifcg:) o our

Scope ) Nominal 1.5 dB a
\ 14298 package » CLB, cable, add-in card trace, NRC package /cab'etoscove e s
L3 a8 007 Nomindl 1.5 dB » Add-in Card: 26.5dB added Connector [

CLB Tx trzlace cable to sc.npe bl k \ CBB

out « CBB, cable, system trace, RC package |

« VNA to identify embedded trace loss - =

\ - Trace & package J 2,08 (3.07) CB8 T trace

™1 Add Behavioral Rx
i TP3 - TP2 Package, Rx Eq, and CDR ( Rece|ver \
@ T@_‘ ’_@ @ Teap Stressed Eye Calibration @ TP2P

32.0GT/s @

Pattern
Generator

— St 1ossed

[®H @[ | [[® Eye « Loss Range: 34dB — 37dB

« TP3to TP2P

oG

Combiner Variable ISI board, CBB/CLB, Real Time
1 Cables and adapters are SeupENiat « Embedded NRC or RC Package
Signal @ @ between TP3 and TP2. Cable
Generator - between TP1 and TP3 is © SyStem: RC PaCkage
@/ @ considered part of the . . . .
* VNAto identify Variable IS| Pair

generator.
K » Correct Location of CEM Connector )

o PCle 5.0 PHY Test Spec
Appendix A & B
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PCle 6.0 Tx
Validation




y
Non embedded ref clock

Low jitter
clock source

Embedded ref clock

DUt Breakout T;
Channel @
Replica
Channel
Testboard TP2 TP3
DUT
. Refclk
Breakout Channel 1
TP3
Replica Channel
TP2
Testboard

& Base Tx Signal Access & Test Points

A low jitter Refclk source is used
when the silicon supports using
an external reference clock

Transmitter using an embedded
reference clock

";V
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7

SNDR

Voltage Differential Peak-to-Peak
Transmit Equalization
Tx Equalization Boost
EIEOS Min Voltage Swing
Ratio Level Mismatch
Uncorrelated Tj
Uncorrelated Dj
Uncorrelated Rj

Pulse Width Jitter Tj
Pulse Width Jitter Dj_dd
Pulse Width Jitter Rj
PS21

Compliance

Compliance

Compliance

Compliance

Compliance

Compliance

52Ul Jitter Measurement
52Ul Jitter Measurement
52Ul Jitter Measurement
High Swing Toggle

High Swing Toggle

High Swing Toggle

Compliance

Extending 6.0 Base Tx to CEM
T L

AIC & System?
N/A

AIC & System
N/A

N/A

AIC & System?
AIC

AIC

AIC

AIC

AIC

AIC

N/A

Signal Noise Distortion Ratio

Measured with 64 level 3s & 64 level Os
Q0-Q10 (PAM4) with AC step method
Q10 (full swing) & Q4 (reduced swing)
Include package loss impact

PAM4 measurement only

Jitter computed on each unique transition
Jitter computed on each unique transition
Informative

0303 level patten; noise comp included
0303 level patten; noise comp included
Informative

Pseudo package loss

V
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Transmitter Equalization Updates

ViMe2 [ o Ul

V_ing.q

= Cursor Expansion: 2" Precursor Added
o 2 pre-cursors
o 1 post-cursor

1.0 Ul

v |nn

vmn ] {

1.0Ul
delay

2

= Presets: Q0 to Q10
o Heavier pre-cursor weighting

v

v_out,

V_iMpeq

o Numerous optimal presets for Rx Calibration

";V
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Wi

Preset #  Preshoot 2 (dB) | Preshoot 1 (dB8) | De-emphasis (dB) [ [ €4 Va/vd Velivd - Vezivd
Qo 0,0 +0.5 B 0.0 0.5 dB 0,0+0.5dB 0,000 | 0000 0000 LO0DD 1000 1.000 1,000
Q1 0,0 £0.5 B 1.6 #0.5dB 0,0 £0.5 dB 0,000 | -0.083 0000  0.834 0834 1.000 0,834
Q2 0.0 0.5 dB 3.5 0.5 dB 0,0 £0.5 dB 0000 @ -0167 0000 0666 0666 1,000 0,666
Q3 0.0 0.5 ¢B 0.0 20.5 dB -1.60.5dB 0,000 | 0000 -0.083 1000 0834 0834 0,834
Q4 0.0 £0.5 dB 0.0 20,5 dB -3.50.5dB 0,000 0000 0167 0 1000 0,666 0,666 0,666
Q5 -1.3 0.5 dB 4.721.0dB 0,0 £0.5 dB 0042 0 -0.208 0,000 0584 0.584 1,000 0,500
Q6 -1.6 0.5 dB 35:05dB -3.5205dB 0042 0 -0125  -0,125 0,750 0,500 0,750 0,416
Q7 +2.9 £0.5dB 4.7+1.0d8 0.0 40,5 dB 0,083 | -0.208 0000 0.584 0.584 1.000 0,418
Q8 -3.5+0.5dB 6.0+10dB 0.0 0.5 dB 0083 | -0.250 0,000 0.500 0,500 1.000 0,334
Q9 4.4 21.0dB 6.941.0dB <1605 dB 0,083 0250  -0.042  0.500 0416 0,916 0,250

Qio 0.0 £0.5 dB 0.0 £0.5 dB Mote 2 0,000 0000 Note2 1000 Note2 MNotel Note2

= Measurement Method: AC Fit Method

o Step response captured

» Equalized & Non-Equalized

o Cursors applied to Non-Equalized step

o Minimized Mean Square Error (MSE)



” Signal to Noise Distortion Ration (SNDR) K4
4 .

Limsear Fit Drgailse Response

v Pmax

Non-compensable
distortion

Lelelorn: -
380em -
xitem -
b -
. L
Dot
Hh-l-
own -

lel-:

e
'

< Bl
L

Pmax = P€ak of linear fit pulse
o, = Standard deviation of error waveform
c,, = standard deviation of noise
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PCle 6.0 SNDR Requirements

« Pattern: 6.0 compliance pattern (SSC considered for SRIS)
 Tx Equalization: Q0 (C-2=C-1=C+1=0.0)

 RT Scope waveform capture
«  BW of 50GHz (minimum)
« Record Length: min of 250 pattern repetitions
« Filtering: 4" order Bessel-Thomson (3dB roll-off from DC at 33GHz)

« SigmaE
« Pulse Length = Np = 600Ul
« Pulse Delay =Dp =4
« 32 points/UI (resampling)
 PRBS portion of compliance pattern only

* Clock Recovery Applied (DSP implementation not explicitly defined)

 Sigma N
« 618t Ul of 64 Ul run for each PAM4 voltage level considered
« Eight evenly spaced points within 615t Ul averaged
* Instrument Noise compensation

";V
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1.5 dB (cable only)

7.43 dB (4" Replica)
10.79 dB (8" Replica)

14.33 dB (12" Replica)

On
Off
On
Off
On
Off
On
Off

40.7
40.0
39.6
40.0
39.4
39.8
39.0
39.0

1.88
1.95
1.71
1.76

0.84
1.18
1.25
0.79
0.91
0.41
0.62
0.41

Q@




64 GT/s CEM SNDR Study

SNDR vs Channel Loss Pmax vs Channel Loss

10 12 14 16 18 20 22 24

10 12 14 16 18 20 22 24
CHANNEL LOSS @ 16 GHZ (DB)

CHANNEL LOSS @ 16 GHZ (DB)

oe vs Channel Loss on vs Channel Loss

SIGMA N (MV)

10 12 14 16 18 20 22 24

10 12 14 16 18 20 22
CHANNEL LOSS @ 16 GHZ (DB)

CHANNEL LOSS @ 16 GHZ (DB)
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PCle 6.0 Uncorrelated Jitter Requirements 023

Pattern: 52Ul Jitter Measurement Pattern

Four instances of all 12 PAM4 transitions & DC balancing bits
 Tx Equalization: Q0 (C-2=C-1=C+1 =0.0)

« RT Scope waveform capture

«  BW of 50GHz (minimum)
* Record Length: min of 2E6 Ul (37.5 Ul per unique edge)

Filtering: 4t order Bessel-Thomson (3dB roll-off from DC at 33GHz)

« Jitter measured on all 48 edges separately and then averaged
« Select CTLE or No CTLE resulting in lowest Rj

» Scope noise removed separately for each transition type



64 GT/s Uncorrelated Jitter Study

AANMESU_ MP1900A s s o s

Uncorrelated Tj @ E-6

L

ey

s QW I S, S I S W N, ]

* 3.073 § 3178 ® 3.308 & 3317 * 3.473 * 3.391

. L

(%]

NO CTLE

Uncorrelated Tj (ps)

IL: 8
2.75dB CTLE ] CT CTLE: 5 dB

Channel Insertion Loss @ 16 GHz / Optimal CTLE DC Gain

";V
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& PCle 6.0 Pulse Width Jitter

4

| High Low “0303” Pattern

Mon jittered
edge
- -

edge

Mon ttered

| Scope BW 50 GHz

Referenced ta \:: \: )
data clock &\.\ &@

| 4t Order 33GHz BT filter |

Feferenced ta
leading edge

DI

- PWia

| Optimize ADC (max signal) |

| CTLE 5 to 15 dB allowed | PW.J PDF

e e
TR, TRy,

| Capture Instrument noise |

V-

2023

| Tektronix PAMJET |

| No ISI (pattern ensures) |

| Edge to Edge (pulse width) |

| Even Odd Jitter included |

| Separate PDFs & Medians |

| Total PWJ <4 ps @ E-6 |




& Tx Ratio Level Mismatch (RLM) W

4

*Nominal Values
V3 =400 mV

V2 =133 mV

*VVmid = 0 mV

V1 =-133 mV

VO =-400 mV

*ES1&ES2
*ES1 =(-133 mV-0mV) /(-400 mV - 0 mV) = ~1/3
*ES2 =(133 mV -0 mV) / (400 mV — 0 mV) = ~1/3

. ‘RLM
‘RLM Equation RLM = min[ (3* 1/3), (3* 1/3), 2-3*1/3), (2—-3* 1/3) ]
RLM=min[1,1,1,1] = 100%

Vinia = (Vo+ Vs) / 2
ES; = (V1= Vinia) / (Vo = Vinia)
ldeal RLM Result

ES, = [Vz - Vm:'d) / (V3 - er'd)

Ry = mm((3 x ES)), (3 x ESy), (2 - 3 x ES)), 2 - 3 552))



4 Applying CTLE or De-embeddlng

Uncorrelated Jitter

Pulse Width Jitter

Data Dependent Jitter
SNDR
RLM (level separation)
PS21 (package loss)
EIEOS

AC Common Mode
Voltage Swing

2.51t0 16 GT/s: Compliance
32 & 64 GT/s: Jitter pattern (1010)

2.51t0 16 GT/s: Compliance
32 & 64 GT/s: Jitter pattern (1010)
Compliance Pattern
64 GT/s Compliance Pattern
64 GT/s Compliance Pattern
Compliance Pattern

FS (P10/Q10 Compliance Pattern)
RS (P1/Q4 Compliance Pattern)

Compliance Pattern

Compliance Pattern

2.5t08 GT/s

16 GT/s (de-embed or CTLE) —

pick lowest jitter result
2.51t08 GT/s

16 GT/s (de-embed or CTLE) —

pick lowest jitter result

Yes
No
No

Yes

Yes

No

No

16 GT/s (-12dB)
32 & 64 GT/s (-5 to -15dB)

16 GT/s (-12dB)
32 & 64 GT/s (-5 to -15dB)

No
No
No
No
No

No

No

DV
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PCle 6.0 Rx
Validation




Receiver Equalization

Gain (dB)

W, =2 xF,

Fr’l

=130%F,
=7.7GHz

=22.0GHz

= 28.0 GHz

= 32,0 GHz

= 32,0 GHz

= 250 MHz

= mag(DC gain) x Fp,

= 7.7 GHz

H(s)

_wpxxwp:,"wmxwpsxwpﬁ‘

(s*w,l) x (s +wpy X Aoc) x (s ow,:,)

Wy * Wy

v ) o ] <[+ = ]

107

Frequency (Hz)

V.
Updates v

Lz4 L2 ] ek
-dy Hd) 4, —> Decision
function

I_ Y
]

¥

4

1% Order Xy,
CTLE

Veve: Teve

« CTLE: 64 GTl/s
o 6 Poles & 3 Zeros
o DC Gain: -5dB to -15dB (1dB steps)
« DFE: 64 GT/s
o 16 taps (-d1, -d2, ..., -d16)¥
o DFE taps constrained to min burst errors
o Empirical formula in spec



V PAM4 64 GT/s Stressed Eye Calibration V

4

/ Fixed TX EQ \ l/ \
l l _ | Calibration Channel I _ !
I I EH or EW Adjust ¥ |

i |

I 32 GBaud PAMA Combiner I Replica Test Equipment
I Generator : Channel |
I I " CEM Connector |
I TP1,TP3 TP4 TP5 ! 1p2 I
| | 7 |~ ! :
I RJ SJ Diff CM l I I

| Source Source Interference Interference I Post Processing Scripts:
| Rx Package Model |

| /SmallEW  /Small EH ] Behavioral CTLE/DFE
\ AdeSt AdeSt / I Behavioral COR I
|
No External | TP2P I
\j
Couplers : 6mV /3.125ps @ E-6 l
\ (top eye) /
\ — _— _— _— _— _— _— ,



4

Pre-shoot 2
Pre-shoot 1

De-emphasis No No Yes

Tx Coefficient Dependencies —JH

& TP3 Calibration Updates 4

[ |

C. C. Cis
Yes Yes Yes

No Yes No FL

Y

TP3 include Vo, peaks AC/DC Balance, Tx EQ, RJ, & S

Cable (TP1 to TP3) excluded from 30 to 33 dB channel loss

Tx Equalization: C_, dependson C; & C,;

R} (250 fs) & Sj (1 to 3 ps) Calibration with 52 Ul pattern & noise compensation
Sj Multi-tone Calibration 33 KHz (SSC) & 400 KHz to 100 MHz



DV

' | |
// TP2 Calibration Updates
 DMI(2.1GHz):5t025mV @ TP2 Fixed TXEQ
- Seasim injects at TP2P | ™ cataion el |
 BERT calibration at TP2 (no CTLE or package) 32 GBaud comtiner | Replica [ T1 rew Eouioment
i _ PAMA4 PPG | || channet | || aue
« Conversion factor required R P Yy — |
- - . . TP3
« Seasim SNDR (input) — noise compensation =l
Post Processing Scripts:
« Channel Loss: 30 to 33 dB (TP3 to TP2P) A s || o | -
- Step Response includes Tx EQ
Adjust Adjust
e Stress
. SJ 1to3 pS 6mV/0.1Ul @E6
« Rj:250fs
~~ . _~ Seasim adaptation
CTLE Curve DC Gain -15 -14 a3 / 12 -1}\ -10 -9 -8 -7 -6 5 -4 -3 -2
CTLE Loss @ 2.1 GHz -7.611 -7.288 -6.912 [ -6.482 -5.994 -5.449 -4.848 -4,193 -3.488 -2.737 -1.946 -1.120 -0.263 0.620|
CTLE Conversion Factor 2.402 2.314 2.216 2.109 1.994 ‘ 1.873 1.747 1.621 1.4594 1.370 1.251 1.138 1.031 0.931
RC Package Rev0p7 Conversion Factor 1.241 1.241 1.241 1.241 1.241 1.241 1.241 1.241 1.241 1.241 1.241 1.241 1.241 1.241
NRC Package RevOp7 Conversion Factor 1.105 1.105 1.10 1.105 1.105 1.105 1.105 1.105 1.105 1.105 1.105 1.105
DMSI Conversion Factor RC Package 2.982 2.873 2.75 2.325 2.169 2.012 1.855 1.701 1.553 1.412 1.280 1.156
DMSI Conversion Factor NRC Package 2.654 2.557 2.445 2.331 2.20, 2.069 1.931 1.791 1.651 1.514 1.383 1.257 1.139 1.029|

N~



Gen5 Base
Rev3
Fixtures

« Source: PAM4 PPG » Scope: Real Time Scope (50 GHz)
« 64 GT/s (32 GBaud PAM4) — Step Response « 50 GHz with 200 GS/s
» Tx EQ Pre Cursor 1 & 2 optimized « Root Complex package embedded
e Channel: 33.1dB @ 16GHz » Post Processing: Seasim 1.0.6
» Genb Base Rx Fixtures « CTLE/DFE

* 5], Rj, & Crosstalk (DMI)



Successful 64 GT/s Rx Calibration 'DI-

step=Seasim_StepResponse
LEQ=CTLE_gen6_0p7_Proposal_AMD_revl_May2020.pkl
job=step_responses_Seasim_StepResponse_32.00G_1
Ul=31.25ps PAM4 v1.06

:‘4”’ pwrij 8.20ps
10 A [L=-2.7d8 pudd] 0.12ps
H O)lLstep=-29.8dB 1frj 0.25ps
Z —- 4+ —.  _ _¥AIEq=10.3dB Lfddj 1.70ps
o 1 L
0 P 1 e uTa 4.49ps @le-06
/"/ I vn_1fudn 1.7mV pkpk
1 Tx SNDR -
-10 4/ N\ : lanes 1
¥ : aggr align center
:: h‘th—‘w nui 120
—20 ‘1_|k__1...“ adapt_nui 20
\ ! L"-\..__ precursors 2
: cursor block 4
—30 R preCompTxEQ False
1 vbin 0.035mv
0.0 05 10 15 2.0 25 3.0 thin 0.156ps
Hz lel0 Adapt FOM area
Tx coeff [-0.000,1.000,-0.080]
wict step  —vict nodfe CTLE —all EQ DFE coeff :
——qstep  ——vict - Tx+CTLE -11.8, 0.7, 1.2, 0.5, 0.2, 0.0,
6.0, -0.2, 0.0, 0.0, 0.0, 0.0,
: ': — eh-3 0.6mV 8.0, 0.8, 0.8, 0.0]
i F{ ™ eh-20.3mv DFE quant 128
003 I S cursor delay -08.300UI
1 ®h0 21.4mV i
il ehl 12.5mV DC_idx 1
002 I eh2 -0.8mV pole_idx 0
) Y eh3-12mv
, ®h4-0.7mV
y ®h5-0.3mV . 05
0.01 ® h6 -0.0mV 1e-06
1 ®h7 0.0mV
m ®h8 0.2mV eh top 5.59mV
000 Vi Chizh eh mid 5.83mV
.00 o M0 ®ImY
I feomo 055 | €W top 0.110UT
b ew mid 0.159U1
—0.01 . ! ! ! pkeh off 9.040UI
3 21 01 2 3 4 5 6 7 8 5101 12 vref top 14.5mv




& Rx Jitter Tolerance Methodology i

4

Optimized
ptimize 100 MHz Refclk 19156e12
TXEQ —Fiseer

Calibration Channel Jtol = { 8.192¢9
Length fixed per stressed eye cal “Freozn
ﬂ 3

(400KHz < F < 1MHz)

(1MHz < F < 10MHz)

0.05 (F=10MHz)

32 GBaud PRBS
Generator

C Receiver Under

Replica

I
] Test
L1 || Channel

%

A A CEM Connector
TP1

Combiner

BER <=E-6

Rj Sj
Source Source

5j frequency/ DM Fixed
amplitude swept as  per stressed
per mask eye cal

 Modified Compliance pattern

= JTOL mask - 400 KHz and 100 MHz
+ SSC disabled on data signal

. Tx Eq may be optimized for Rx = Additional 210 MHz tone (Sj > 0.05Ul)

* Independently swept 33 KHz tone = FBER target of E-6
« Common Clock — swept to 1ns
 SRIS — swept to 15ns

o Without accounting for burst errors



Tektronix PCle 6.0
Solutions




/, Tektronix PCI Express 6.0 Solution V-

/ PAM4 Analysis
Application

M Sonp

......

2 K’ v

PAM4 Analysis App & DPOJET

Loy 17

TekExpress Automation

DUT D [DUTOD! [(# siothumber ~ 01

O Use pre-recorded waveform files

@Acquirelive waveforms

Session : Default a

Specification Device Type Version
{BaseSpec v ‘ |TX Test Board | v | ‘Genb‘ -6.0 ‘ v |

Package Type

Non-Root De... | ¥ |

Device Profile
Data Rates

unt sterva

PCle Gen5 CEM
Fixtures Enable Early
Gen6 Signal Access

Tektronix
Innovative Gen6
DSP Tools

Tektronix is ready for Gen6 customer engagements today — contact local representative



Tektronix TMT4
(Margin Tester)
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& Tektronix TMT4 Margin Tester Vi

4 Simple setup and configuration
minimizes the need for senior engineers to
perform margin testing

Targeted Tx/Rx capability

to capture high-level design issues with PCle
Gen 3 and Gen 4 communication technologies
on both ends of the link in a single box

Multi-lane testing

reduces testing times for preliminary link health
evaluation of link health and gain insights into
potential design margins issues

Margin-specific testing solution
to assist in more frequent testing of
PCle Gen 3 and Gen 4 devices in
development to build confidence in
validation and compliance



77, TMT4 Margin Tester Quick Scan - Tx and Rx

4

DUT and Margin
Tester train naturally
and negotiate presets

DUT and Margin
Tester train naturally
and negotiate presets

Q@

for Tx test

* Display eye diagram &

link training
parameters

for Rx Test

» Display outputs of Rx
test range and link
errors by lane/preset
combination

'pr
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Tektronix A =
SETUP Test Status: Test Complete
RESULTS DUT Tx
Lane Preset EW EH ATT  CTLE GAIN DFE(1) DFE(2) DFE(3) DFE(4) DFE(5)
AL 0 9 279ps 131.6mV -10.0dB 12.5dB 46 dB 38.6mV 2.1mV 0.7mV 48mV 33mV
1 6 31.8ps 1040mV -10.0dB 11.6dB 2.3dB 28.4mV 34mV -0.7mV -0.8 mV -0.3mV
gL 2 9 265ps 100.3mV -10.0dB 12.9dB 3.4dB 32.5mV 41mV 0.7mV -3.0 mV -0.3mV
3 9 281ps 91.4mvV -10.0dB 10.8dB 2.3dB 26.4mV -0.7mV 3.1mV -0.3mV -0.5mV
4 9 313ps 1146mV -10.0dB 10.8dB 2.3dB 22.3mV 41mV 1.0mV -1.8mV 0.2 mV
5 9 31.8ps 107.3mV -10.0dB 12.1dB 4.6dB 38.6mV -2.8 mV 1.0mV -1.3 mV -1.9 mV
6 9 20.0ps 113.3mV -10.0dB 11.2dB 3.4dB 30.5mV 21mV 0.7mV 0.0mV -0.7mV B
7 6 342ps 121.1mV -10.0dB 12.5dB 3.4dB 30.5mV 28 mV 0.0mvV 0.0mV -0.9 mV E
8 6 31.0ps 1044mV -10.0dB 12.5dB 3.4dB 32.5mV 48mV 1.7mV -1.0mV -1.7mV £
9 9 326ps 1223mV -10.0dB 10.0dB 2.3dB 26.4mV -0.7mV 1.0mV 1.3mV 0.7 mV ’
10 9 29.8ps 119.8mV -100dB 9.5dB 2.3dB 183mV 1.4mV 45mV 1.5mV -0.9mV
11 6 31.6ps 1162mV -10.0dB 10.4dB 2.3dB 244mV 21 mV 1.4mV 0.3mV -1.2mV
12 6 344ps 1129mV -10.0dB 11.2dB 3.4dB 32.5mV 2.1 mV 41mV -0.8 mV -1.6 mV
13 9 286ps 111.7mV -10.0dB 10.8dB 2.3dB 22.3mV 83mV -0.3mV -1.0mV -0.3mV
14 6 322ps 119.4mV -10.0dB 10.4dB 2.3dB 244mV 28mV 28mV 1.5mV -0.7mV
15 6 31.8ps 1345mV -10.0dB 10.4dB 2.3dB 22.3mV 62mV 45mV 1.0mV -0.3mV N
- Time (ps)
DUT Rx
CHECK LINK Lane Preset Cp Test Range Link Errors
Link State: Gen4 x16 0 8 30 down to 21 None
1 7 28 down to 25 None
s 2 8 30 down to 21 None
Pcweaf:[éi;-(:[orxm 3 8 30 down to 21 None
A 7 28 down tn 28 Mons

Est. Test Time for Gen4 x16 DUTSs;

~2 minutes
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” TMT4 Margin Tester Custom Scan - Tx Eye Diagrams Ve

4 Presets Plotted Per Lane Lanes Plotted Per Preset

Test Status: Test Complete Test Status: Test Complete

Gend DUTTx: EyesPassed: 159 EyesFailed: 1 DUTRx: Lanes Passed: 16 Lanes Failed: 0 Gend DUTTx: Eyes Passed: 159 EyesFailed:1 DUTRx: Lanes Passed: 16 Lanes Failed: 0

~ Gend ~ Gend

~ DUTTx ViewBy: @ Lane (O Preset ~ DUTTX ViewBy: () Lane (@) Preset

% % Epo % | /H %P %N Eps E -
gl ol &) ol 2| ol & o EpTTIA] £ o | E ™
Time (ps) Time (ps) Time (ps) Time (ps) Time (ps) Time (ps)

~ TMT Receiver Settings PO

~ DUTRx

v TMT Receiver Settings

v DUTRx

Scanned all presets on all lanes

. Scanned all presets on all lanes pres T
o 160 combinations

rrrrrrrr

o 160 combinations
All lanes plotted together for each preset

A” presets plotted together for each lane Alternative view makes the lane-to-lane variations

o even clearer
e Very clear that there are lane to lane variations

Est. Test Time for Gen4 x16 DUTs: 8-10 minutes
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& TekExpress Resuits — Gen 4 Re-Driver Design Vi
4

A motherboard manufacturer was attempting to resolve an issue they were seeing with
their re-driver gain setup.

They had used the reference design from their silicon vendor and were seeing passing

results using Tektronix’s TekExpress software and oscilloscope as shown in the diagrams
below for lanes 0, 8, and 15.

Eye Di - Lane0 1 PO7 Eye Diagram - Lane08 16Gbps P07 Eye Diagram - Lane15 16Gbps P07
06~ 06 06+
05- 05- 05-
04- 04- 04-
03- 03- 03-
02- 02-
e e
}01- §0.|-
_00_ 00_ o
41~ EO.I-
42- E0.2- :
03~ 03- 23-
04- 04- 04-
05- 05- 05-
W*W 06— OS'PW
02 01 00 01 02 03 04 05 06 07 08 09 10 11 1212 92 41 90 01 02 03 04 05 06 07 08 09 10 11 1212 92 401 40 01 02 03 04 05 06 07 08 09 10 11 1212
Uni Intervals Unit Irtervals Unt intervals

Q@
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V TMT4 Margin Tester Results - Scanning at Gen 4 Vi

‘Despite these passing results, the manufacturer has been experiencing interoperability
Issues that they were unable to root-cause.

Using a TMT4 Margin Tester at Gen 4 speeds, they also ran into interop issues:

SSSSSSS

\\\\\\\
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/ TMT4 Margin Tester Results - Gen 3 Vr

To try to draw insight into the interop issues, TMT4 Margin Tester was used to run a Quick
Scan at Gen 3 speeds. TMT4 Margin Tester was able to link and test at Gen 3. Results
and insiahts below:

Quick Scan

150

lane preset eye_width eye_height att vga ctle dfe1 dfe2 dfed dfed dfeb
0 2 826 190.3 -8.86 2.28 3.67
120 4 1 2 823 150.3 -8.86 1.71 451
2 2 799 153.0 -10 1.14 4.09
3 2 815 152.3 -8.86 1.14 409
“‘“ 4 2 80.9 132.0 772 1.14 3.95
5 2 830 149.6 -8.86 1.14 367
60 6 2 89.3 150.3 -8.86 1.14 325
7 2 82.2 156.4 -1.172 1.14 3.67
[ 8 2 885 182 1 -1.12 0 2
307 9 z 875 1483 543 057 2
g 10 2 859 144 .2 -1.72 1] 2
§ o 11 2 839 172.0 -1.72 0 2
§ 12 2 873 1490 -71.72 057 2
< 13 2 923 103.6 -8.86 0 2
=301 14 2 87.0 1659 2 (1] 2
\ 15 g 86.3 1571 2
. \ Higher levels of DFE 1
Equallgatlon of lanes 8 1.1 and equalization for lanes
eye height of lane 13 indicate Lane 13 eye almost
= : : 8-11 compared to all
e e potential issues with the back 8 half the height of other lanes
e lanes of the re-driver design Lane O eye



gy Conclusions V
7,

4

In just 5 minutes of testing, the user was able to identify that the problems
with their re-driver setup likely lies in the back 8 lanes of their re-driver setup.

The TMT4 Margin Tester also replicated the interoperability issues that were
a seen at Gen 4 speeds, but, with a quick Gen 3 test, were able to identify lanes

8-11 and 13 as the primary lanes of interest for causing their interop issues at
Gen 4 speeds.
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