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Disclaimer

Presentation Disclaimer: All opinions, judgments, recommendations, etc.
that are presented herein are the opinions of the presenter of the material
and do not necessarily reflect the opinions of the PCI-SIG®.
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= PCle® 3.0 verification 2eh

chaHengeS

A There are many big changes in the protocol.

A Many complicated mechanisms were added
(Equalization for example)

A The entire PHY layer was changed
A “There are so many things to verify!”
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=—_Quick Overview: PCI>
Advanced Verification Approach

] "spf”t “. _Vpla" Metric-based
PoI> — Sign-off plan
Verification

IP

3 {} Coverage
@< Checks

Test cases

Failure and

metric
analysis
Optimized Resource Utilization
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Verification approaches

A There are 2 verification approaches:

V Complete verification —

I Mainly done by IP developers

I Verification of each and any aspect of the spec
V Feature base verification —

I Mainly done by IP integrators
I Legacy IPs verification
I Assuming that the 3'rd party IPs are already verified
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eag__ First Approach — Complete &
Verification

A Typical for IP developers

A Very deep verification is needed.

A All parts of the spec will be verified.
A Takes time and effort
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ey Complete Verification- =i

Txglcal Tests

A TL test that randomize all TL header fields
A DLL test that sends random ACKs

A PL test that sends the DUT to random LTSSM
states

Let’ s check an| |
BUG
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ea__ Pitfall Example 1-

Eguallzatlon Phase 2

A Equalization Procedure, Phase 2
V Added late to the 3.0 spec

V Upstream Port adjusts the Transmitter setting of the
Downstream Port along with its own Receiver setting

Upstream Port J Downstream Port

EP

—

PCI-SIG Developers Conference

Adjustment of
Transmitter Settings

Copyright © 2011, PCI-SIG, All Rights Reserved

PCI >

EXPRESS

12



eey__ Equalization Phase 2

- Seguence of Events

EP

Upstream Port
Transitions to
Phase 3

\

%;eam Port Downstream\PoH

PCI >
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TS1s: EC =10, Value C1’
TS1ls: EC=10,ValueCl’ Rej ect
TS1ls: EC=10,ValueCl” Legal

TS1s: EC =10, Value C1” Acc e

PCI-SIG Developers Conference

TS1s: EC =11, Value C2
y \ VL

I 11l egal / Uns

t ed

Downstream Port
Initiates Phase 2

t _eld
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ey . Let ' s Focus o0EBs

Downstream Lanes

4.2.6.4.2. Recovery.Equalization

4.2.6.4.2.1 Downstream Lanes
4.2.6.4.2.1.2. Phase 2 of Transmitter Equalization

L Transmitter sends TS1 Ordered Sets with EC = 10b and the coefficient settines_set on each
Lane independently, as follows:

o  If two consecutive T51 Ordered Sets with EC=10b have been received since entering Phase

2 or two consecutive TS1 Ordered Setz with EC=10b and a preset or set of coefficients (as

specified by the Use Preset bat) different than the last two consecutive TS1 Ordered Sets

with EC=10%k:

¢ [If the preset or coefficients requested in the most recent two consecutive TS51 Ogdered
Sets are legal and supported (see Section 4.2 31:

®  Change the transmutter settings to the requested preset or coefficients such that the
new settings are effective at the Tranzmitter pins within 500 ns of when the end of
the second T51 Ordered Set requesting the new setting was received at the Recerver

pin. The change of Transmitter settings must not cause anv illegal voltage level or
parameter at the Transmitter pin for more than 1 ns.

m_ Reflect the new settings in the transmutted TS1 Ordered Sets and clear the Reject

Coefficient Values bt to Ob

¢ Else (the requested preset or coefficients are illegal or unsupported): Do not change the

Transmitter settings nsed. but reflect the requested preset or coefficient values in the
transmitted TS1 Ordered Sets and set the Reject Coefficient Values hit to 1b

» FElse: the preset and coefficients currently being nsed by the Transmitter

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved
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Three Functionality Aspects

4.2.6.4.2. Recovery.Equalization

4.2.6.4.2.1 Downstream Lanes
4.2.6.4.2.1.2. Phase 2 of Transmitter Equalization

O Transmitter sends TS1 Ordered Sets with EC = 10b and the coefficient settings_ set on each
Lane independently, as follows:

o If two consecutive TS1 Ordered Sets with EC=10b have been received since entering Phase

2, or two consecutive TS| Ordered Sets with EC=10b and a preset or set of coefficients (as

specified by the Use Preset bit) different than the last two consecntive T51 Ordered Sets
with BC=10h:

¢ If the preset or coefficients requested in the most recent two consecutive TS| Ordered
Sets are legal and supported (see Section 4.2.3):

8 Change the transmitter settings to the requested preset or coefficients such that the
new settings are effective at the Transmitter pins within 500 ns of when the end of

the second TS Osdered Set requesting the new setting was received at the Receiver

in. The chanee of Transmutter settings must not canse any illegal voltage level or
parameter at the Transmitter pin for more than 1 ns.

B Reflect the new settings in the tranamitted TS1 Ordered Sets and clear the Reject
Coefficient Valnes hit to Ob

¢ Else (the requested preset or coefficients are dlegal or unsupported): Do not change the

Transmitter settings used, but reflect the requested preset or coefficient values 1n the
transmutted TS1 Ordered Sets and set the Reject Coefficient Values bt to 1b

¢ Else: the preset and coefficients curently being nsed by the Transmitter

A Functionality in this

section could be broken
down to

V Start of Phase 2

V Transmitter accepts
proposed settings update

V' Transmitter rejects proposed
settings update

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 15
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vPlan: Start of Phase 2

|a-D 11.1-42 Logical 5ub-block
o-#(21111-422 Encoding for 8 GT_s and Higher Data Rates
- [@1112-423 Equalization Procedure for operating at 80T _s Data Kate
o-#[3 1.1.1.3 - 4.2 4. Link Initialization and Training
? #(01114-426 Lnk Training and 5tatus State Fules
o~ [D11141-4261 Detect
e [311142-4262 Poling
o~ [31.1.1.43-4.263 Configuration
¢ [@11144-4264 Recovery
o [A111441-42641 Fecoveny Kovrlock,
¢ [@1.11447-4264.2 RecoveryEqualization
o~ [31114421-42642#1 Transmitter sends T51 Orcered Sets o
¢ [31114422-426421 Downstream Lanes
- [111144221-4264211 Phase 1 of Transmitte
o [111144227-4264212 Phase 2 of Transr
¢ [A1114422.21-4264.2.12#1 Start ojPflase 2 751 05 tgaffmission]
COVQ rross__tx_ts1_ec10_all_config_lanes €
COYQ 1y_phasel_to_phase transition
CHK@ R _PCIE_ERRu_PL_OS_MOT _SENT _SIMULT
COYQ ry_jllegal_phasel_to_phase2_transition
TC @ illegal_trans_to_phase? _by_upstream_port
CHK@ ‘R _PCIE_ERRyxy_PL_ILLEGAL_COEF_PRESET
o~ [1111442222-426421242 Accept Transmitter 5ettings Update
o [3111442223-42642 1243 Reject Transmitter Settings Update
=
=

_ALL_LAMES

(31.11442224-4264.32 1244 Transition to Phase 3
(3111442225 - 4.2.6.4.2.1.245 Timeout to Recovery Speed
o [111144223-4264213 Phase3 of Transmitter Equalization:
o [31114423-426427 Upstream Lanes
- [M111443-42643. Recovery Speed
o~ [A111444-42644 Rermeny Rryr(fo

EXPRESS
“l A Coverage:
- V TX Phase 1 to Phase 2
/ transition
V TXTS1 OSs with EC=10 on all
lanes

RX lllegal Phase 1 to Phase 2
transition by Upstream Port

A Checks:

V' DUT does not send TS1s with
7 EC=10 on all lanes

> V' DUT sends TS1s with illegal
presets or coefficients

Error scenario:

V lllegal transition to Phase 2 by
Upstream Port

r

A

n | I

[4]
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#(1111-42. Logical Sub-hlock
o #[0 1.1.1.1 - 4.2.2. Encoding for 8 GT_s and Higher Data Rates
- [@1112-423 Equalization Procedure for operating at 8GT_s Data Rate
o-#[0 1.1.1.3 - 4.2.4 Link Initialization and Training
9 #(11114-426 Link Training and Status State Rules
o [31114.1-4261 Detec
o [@11142-4262 Poling
o [A1.1.1.43-4263 Configuration
¢ @11144-4264 Recovery
o [3111441-42641 Fecovery BovrLock
? (1111442-42642. Fecovery Equalization
¢ [A1114421-42642#1 Transmitter sends T51 Ordered Sets on all canfigured La
$ (11.1.1.4422-426421 Downstream Lanes
o [(D11144221-4264211 Phase 1 of Transmitter Equalization:
9 (11.1.144222-4264212 Phase? of Transmitter Equalization;
o [31.1.144222.1-42642 1241 Start of Phase 2 - T51 05 transrpfss]
9 [(301.1.1.4.4.2.2.2.2 - 4.2.6.4.2.1.242 Accept Transmitter Settings Upfigf)
cov@ cross__ri_legal_preset_update_requested_all_config_lanes
CHKD R _PCIE_ERRy_PL_EQ_TS1_DOESNT _REFLECT _REQ_EQ.
COYQ cross__ry legal_coef_update_requested_all_config_lanes

COYQ rrss__ry_preset_in_last_2_ts1s_different

COYQY rross__ry_coef_in_last_2 _tsls_different

COYQ rrpss__update_accepted_all_config_lanes
CHKQ R _PCIE_ERR_PL_EQ_TS1_DOESNT _REFLECT REQ_EQ_PRESET
CHEQ 'R _PCIE_ERRax_PL_OS_NOT _SENT _SIMULT _ON_ALL_LANES /
CHKD R _PCIE_ERRy_PLILLECAL COEF_PRESET
o~ [3111442223-42642 124 Reject Transmitter Settings Update
o [A1.1.1.44222.4-426.4.2 1244 Transition to Phase 3
e [3111442225-42642 1245 Timeout to Fecovery Speed

| »

o [311.144223-4264213. Phase 3 of Transmitter Equalization;
[l

b

PCI-SIG Developers Conference
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vPlan: Accept Transmitter EQ=
Settings Update

A Coverage:

V RX: Legal preset update request on
all lanes

RX: Legal coefficient update request
on all lanes

RX: Two last received consecutive
TS1s have different preset value

RX: Two last received consecutive
TS1s have different coefficient value

TX: Transmitter settings update
accepted on all lanes

A Checks:

V DUT does not send TS1s with
EC=10 on all lanes
o~ v
/7
\

Vv

V

DUT sends TS1s with illegal presets
or coefficients

Transmitted TS1s do not reflect
requested presets/coefficients
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vPlan: Reject Transmitter

Settings Update

? #A111-42 Logical Sub-tilock, ?
c#J1111-422. Encoding far 8 GT_s and Higher Data Rates
e [@1112-423 Equalization Frocedure for operating at 80T _s Data Fate
o#[2 1113 -42.4 Link Initialization and Training
9 #01114-426 Link Training and Status State Rules

e [D11141-4.261 Detect

e [@11142-4262 Palling

e [@11.143-4.2.623 Configuration

¢ [M11144-4264 Recovery

- [A111441-42641 Recovery RovrLock

9 [(1111442-42642 Recovery Equalization
¢ [D1114421-42642#1 Transmitter sends T51 Orclered Sets on al configured Lanes
¢ [11114422-426421 Downstream Lanes

- [111144221-4264211 Phase 1 of Transmitter Equalization;
$ (011144222-4264212 Phase? of Transmitter Equalization:
o [A111442221-4264212#1 % of Phase 2 - TSL 05 transmissio
o [D1114422272-426421242 Accept Transmitter Settings Undate
9 (D11144.2.2.2.3 -4.2.6.4.2.1.243 Reject Transmitter Settings Undzé]
CHEQ \fR_PCIE_ERR}{}{x_PL_EQ_TSI_DOBNT_REFLECT_REQ_EQ_COEF/

covg cross__ry_illegal_coef_update_reguested_all_config_lanes
//

covg cross__ri_illegal_preset_update_requested_all_config_lanes
COVQ tross__update_rejected_all_config_lanes
CHEQ R_PCIE_ERRx_PL_OS_MOT SENT _SIMLILT _ON_ALL_LAMNES
COVQY cross__r_preset_in_last_2 ts1s_different
COY@ cross__r_coef_in_last_2_ts1s_different

o [D111442.2724-4264.212#4 Transition to Phase 3

o [3111442225-426421245 Timeout to Recovery: Speed

PCI >
EXPRESS

A Coverage:

V

Y

A

o [111144223-4264213 Phase3 of Transmitter Equalization:

PCI-SIG Developers Conference
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RX: lllegal preset update request on
all lanes

RX: lllegal coefficient update request
on all lanes

RX: Two last received consecutive
TS1s have different preset value

RX: Two last received consecutive
TS1s have different coefficient value

TX: Transmitter settings update
rejected on all lanes

Checks:

DUT does not send TS1s with
EC=10 on all lanes

Transmitted TS1s do not reflect
requested presets/coefficients
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A story of abug &

Upstream ][Downstream

PCI >
EXPRESS

Port Port

User Topology:

Test| E=F
. VIP
Suite| gem
0~ "~
RC
. VIP Monitor
User Testing Flow:
1. Executed Equalization tests with no error
2. Observes a ‘coverage hglea—bua_nona _of 1 he
equalization verification plan—* Rej e ct 1 )5mbolEncoing (©4.02.01
. . . i — Framing an plication o T
the equalization coef fi ;-"Ewii:i; cenerl (©4.02 02 007 UT
. . B -IE! raming an plication o
3. Adds test that sends different, invalid E T1ai- E’aff”almb“”g ©30205
=l n nitialization an raming
coefficient value foIIowed bv a valid set
-?.1.4.4.1.1 PHY.0Z.06#01 - 04
4. RC moves from Phase 2 \hase 3 without 7.1.4.4.1.2 - PHY.02.06%02 - 04
[17%] 7.1.4.4.1.32 - PH¥.02 06#032 - 04
validating block allc'm\ U7 écelvmg EIEOS) 7.1.4.4.1.4 - PHY.02.06#04 - 04
[5%] 7.1.4.4.1.5 - PHY.02.06#05 - 04
after Updatlng V\\ )« 7.1.4.4.1.6 - PHY.02.06#06 - 04
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e Second Approach — SO

Application Based Verification

A Typical for IP integrators or for legacy project

A Using third party IP, assuming that the IP is
verified.

A Verification focuses are:

V New applications
V Relevant flows

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 21



e Application Based

“ Verification - Typical Tests

A TL test that targets the application memory

space

PCI >

EXPRESS

A Power Management test to check application
specific power states

A Configuration test that enables bits relevant to
the Full Chip flow

L et

s 2ZlRiategkators

BUGS

PCI-SIG Developers Conference
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et Pitfall Example 2- POl
Recovery.Speed Condition

A PHY next state is Recovery.Speed if 3
conditions are met.

A The first condition is met if 1 of 3 sub conditions
are met.

J Next state is Recovery.Speed if all of the following conditions are true:

® One of the following conditions 1s satisfied:

1. Eight consecutive TS2 Ordered Sets are recerved on any configured Lane with identical
data rate identifiers, identical values in Symbol 6, and the speed_change bit set to 1b and
eight consecutive TS2 Ordered Sets are standard TS2 Ordered Sets if 8b/10b encoding
1s used

1. Eight consecutive EQ TS2 Ordered Sets are recerved on all configured Lanes with
identical data rate identifiers, identical value i1 Symbol 6, and the speed_change bit set to
b

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 23
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Recovery.Speed - Bug History

A An IP integrator, ran the PCle VIP test suite.

A Some 3.0 tests failed because they didn’t reach
8 GT/s speed

A Deeper investigation led the user to the
condition section in the 3.0 spec

J Next state is Recovery.Speed if all of the following conditions are true:
¢ One of the following conditions is satisfied:

1. Eight consecutive TS2 Ordered Sets are received on any configured Lane with identical
data rate identitiers, identical values in Symbol 6, and the speed_change bit set to 1b and
eight consecutive TS2 Ordered Sets are standard TS2 Ordered Sets if 8b/10b encoding
1s used

u.  Eight consecutive EQ TS2 Ordered Sets are recerved on all configured Lanes with

identical data rate identifiers, identical value in Symbol 6, and the speed_change bit set to
1b

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 24



=af . Pitfall Example 2- The

Discoverx

PCI >

EXPRESS

A The user third party vendor IP waited for 8
consecutive TS2 Ordered Sets on all lanes

A The VIP BFM test sent 8 consecutive TS2

Ordered Sets only on lane 1.

A DUT didn’t move to Recovery.Speed when
needed. The link didn’'t reach 8 GT/s speed

L Next state is Recoven_'.Speed if all of the following conditions are true:

® One of the following conditions 1s satistied:

1. Eight consecutive TS2 Ordered Sets arefrecerved on any configured Lane

with identical

data rate identifiers, identical values m Symbol 6, and the speed_change bit set to 1b and

eight consecutive TS2 Ordered Sets are standard TS2 Ordered Sets if 8b/

1s used

10b encoding

1. Eight consecutive EQ TS2 Ordered Sets arefrecerved on all configured Lanes [with

identical data rate identitiers, identical value 1 Symbol 6, and the speed_change bt set to

b

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved
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A Story of a Bug 2|

User Topology:

User Testing Flow:

1.
2.

3.

4.

PCI-SIG Developers Conference

Test| RC
suite] VIP
uitél gem
0~
EP
VIP Monitor

Ran the test suite of the VIP

A specificGen3t ests failed.81t didn’
GT/s speed

Used the VIP debugging tools to find the

problem

EP does not move into Recgvery.Speed

state when 8 consecutiv*,:?k? OS are

i A
received on non 0 I@Q

Copyright © 2010, PCI-SIG, All Rights Reserved

t
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PCI >
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el _ Pitfall Example 3- L1 Entry &
while Recelving TLPS

5.3.2.1. Entry into the L1 State

Figure 5-2 depicts the process by which a Link transitions into the L1 state as a direct result of
power management software programming the Downstream connected component into a lower
power state, (either D1, D2, or D3y state). This figure and the subsequent description outline the
transition process for a single -Function Downstream component that is being programmed to a
non-D0 state.

Upstream Component | Downstream Component
TDPPDT
Upstream component sends Downstream component
configuration write request begins L1 transition process

| Downstream component sends
| completion for Configuration
Write Request
| Downstream component accumulates minimum

credits and blocks scheduling of new TLPs

Downstream component waits
to receive Ack for last TLP

Mﬂﬂﬂﬁﬂr PM_Enter_L1 DLLPs
sent repeatedly

Upstream component blocks
scheduling of new TLPs

Downstream component accumulates minimum
credits and blocks scheduling of new TLPs

Downstream component waits
for PM_Request_Ack DLLP,
acknowledging the
PM_Enter_L1 DLLP

Upstream component receives
acknowledgment for last TLP

Upstream component sends
PM_Request_Ack DLLP
repeatedly until it sees
electrical idle

Downstream component sees

l PM_Request_Ack DLLP,
disables DLLP, TLP
| transmission and brings
Physical Layer to electrical idle

Upstream component completes |
L1 transition: disables DLLP,
TLP transmission and brings 1HTI-I'I\>
Physical Layer to electrical idle |

Legend:

T - Transaction | | Active
D - Data Link

P - Physical I —

OM13820B

Figure 5-2: Entry into the L1 Link State

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 28



% L1 Entry - Bug History

A An IP integrator integrated a PCle IP with a card
that includes power management.

A One VIP power management test failed
A The BUG:

V Root Complex initiated L1 Entry
V Root Complex kept sending TLPs

V The integrated IP did not transition to L1 Entry but
sent completions

The Downstream component must continue to accept TLPs and DLIPs trom the Upstream
component, and continue to respond with DLIPs, including FC update DLLPs and Ack/Nak
DLLPs, as required. |Any TLPs that are blocked from transmussion (including responses to
TLP(s) recerved) must be stored for later transmission) and must cause the Downstream
component to mutiate L1 exut as soon as possible tollowing L1 entry.

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 29



PCI ¢

A Story of a Bug 3%

User Topology:

User Testing Flow:

1.

2.

a s

Test| RC
Sui VIP
0~
EP
VIP Monitor

Integrated PCle IP with a power managed
application

Tested power management using VIP test
suite

EP received a CFGWRO0 that sentitto L1
Entry

EP continued to comple ,R\\ requests
EP did not transmo% S Entry

.\
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sSummary

A “It is a lot of work to verify this spec!”
A The BUGs are out there

A BUGS are tricky to find.

A IP integrators find IP bugs

A Using combination of test suite, coverage and
vPlan is essential for PCle verification
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Thank you for attending the
PCI-SIG Developers Conference 2011.

For more information please go to
WWW.PCISIg.com

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 32



