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High Speed Interfaces in an SSD M

Flash Memory Summit

 An SSD has three main
functional blocks:

* Controller _{ Nc/:‘NOD J
* DDR SDRAM Memory
* NAND Flash Memory ( NVMe® ]
* The three high-speed e H&““tm"er J::
interfaces: 1 ~
* PCle® Host to Controller (32GT/s) !
* DDR to Controller (3200MT/s) [ SRV } _{ NAND J
* Flash to Controller (2400MT/s) chN
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High Speed Interfaces in an SSD - PCle® M

Flash Memory Summit

* PCle problems due to high speed are highly elusive to debug

e Testing and debugging the Controller PCle Interface

* Proactive testing can be done by

* In-system via Loopback with PRBS —
Only Demonstrates the physical connection

* In-controller Loopback - PCle® NVMe®
Only demonstrates the 10 buffer € Controller

* Insert an interposer to capture link states —
Effective for analysis but adds 1

* Insertion loss and delay to the signals
 May add a retimer in the data path NAND
* Could mask or introduce new problems 2l ChN
* Requires an expensive analyzer and interposer
 Difficult to reproduce

NAND
ChoO
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Smart Debug Capabilities - PCle®

* End-to-end debug tools — RX Eye capture built into controller

. (S —
S !

Flashtec® ChipLink Session Switchtec™ PCle ® Chiplink Session

XpressConnect™ ChipLink Session

| #&> PCle Eye Capture - Flashtec NVMe® 4016 - COMT x

Pixel Settings: | lnner Eye Only | ¥ | Read Depth; — | & Run

Estimated Captu d Read Duration: | Around 2 minutes | 'l Export... ::'

Lane

&
[\“_ ‘4 ChipLink
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PCle®

PCle®
S
4 Rtiors

Select Al Select None
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Flash Memory Summit
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Smart Debug Capabilities - PCle®

* End-to-end debug tools — PHY Analyzer, LTSSM state capture Flash Memory Summit

vl

%

| B Device Info - Fiashtes NVMe® 4016 - COMG > | (M Phy Analyzer - Fiashtec NVMe® 4016 - COME x| £ PCle Status - Fiashise NVMe® 4016 - COME

2 Refiesh Configuration  (®) Run Trigg i Freadtrace  oear  [Beport  Flmpert

] muto-Refresh | = @ snayzerstaws: O H putters: LTSSM State Transitions.
5405 0 00:00:27.462,407,703 2=0| 32 GT/s Stack O/Lane 0 Raw Dava: 95 59 99 99 78 00 00 00 00 00 00 00 00 00 00 04 -
5505 0 00:00:27 462,412,281 1=P| 326Ts StackOiLane 0 (B Raw Dava: 95 59 55 59 el 00 00 00 00 00 00 00 00 00 00 00
2203 0 00:00:27 462,415,238 1=b| 320Ts StackOiLanet (SRR Raw Data: 95 99 %% 9% el 00 00 00 00 00 00 00 00 00 00 00 =
5705 000:00:27.462,418,392 1==b| 32CTe StackOLane 0 (ERD Raw Data: 55 53 33 53 1 00 00 00 00 00 00 00 00 00 00 04

5808 0 00:00:27 462,421,451 1= 32GTs[Stack0iLane ¢ |EED Raw Data: 99 99 95 95 el 00 00 00 00 00 00 00 00 00 00 00

Completer ID: 02:02.0 lst Oe0QLlL Register: 0x0l2

m Requester ID: 00:00.0 Tag:
m Requester ID: 00:00.0 Tag:
m Requester ID: 00:00.0 Tag:

Completer ID: 01:00.0 1st
Completer ID: 02:00.0 1lst
C:w.'l.otnt_ ID: G2:01.0 lst

0b001l Regiscer: 0012
0001l Registezr: O0x0l2
Ob0011l Regiscer: Ox012

5005 0 00:00:27 462,424,507 1=b| 32T StackOiLane 0 (EED Baw Data: 93 95 5% 5 =l 00 00 00 00 00 00 00 00 00 00 0O
8003 000:00:27.462,427 558 1==$| 32 GT/s Stack DiLane 0 Raw Dara: 93 95 $5 55 el 00 00 00 00 00 00 00 00 00 00 00
6105 0 00:00:27 462,430,604 1=P| 320GV Stack0iLane 0 @ Raw Data: 99 99 59 95 el 00 00 00 00 00 00 00 00 00 00 OO0 - Infﬂ. nxuloeoaoz
62105 0 00:00:27 462,244,885 14=| 32 GT/s Stack DiLane 0  sx7 ] Raw Dava: 95 39 55 55 el 17 de 40 00 00 00 00 00 00 00 00 _ Info: Ox0Z0S0040
8208 000:00:27 462,247,256 1¢= avsseckoaes  (EZP Rawf9ata: 99 99 95 99 ol a3 51 de 00 00 00 00 00 00 00 00 . to Rate: G
sal0s 000:00:27.462.250,851 1e=| 32678 smckonanes  (EED Bax Daca: 95 59.55 55 &1 70 25 &5 00 U0 00 00 00 OU 00 60 Link: 4 Lane: 0  Max Rate: L TC: Full EQ required FPhase 0 Use Coeffs TIx Preset: P8 C-1l: Ox0E CO: Ox2a Ctl: Oxlc
8503 000:00:27.462,253,837 14= 32GTfs Stack 0iLane 0 Bac Deve. 99 59 99 99 wl @7 1 o 00100 00 00 00700 09, 60 Link: 4 Lane: 1 MWaxRate: G4 TC: Full EQ required FPhase 0 Use Coeffs Tx Presec: P8 C=-1: Ox06 CO: Ox2a Cél: OxOe
6605 0 00:00:27 462,256,831 1%=| 12cTesuckoaes  (ETD Raw Data: 99 99 3% 55 el 0a #a fe 00 00 00 00 00 00 0O 00 z e :
67105 000:00:27 462,259,822 14= 32 GT/s Stack DiLane 0 Raw Data: 99 59 33 55 el 05 a3 cl 00 00 00 00 00 00 0O 00 Limk: 4 Lane: 1 WexRete: 42 TC: Full EQ requized FPhase 0 Use Coeffis Tx Presec: PS5  C-L: 0x03 CO: Oxld CHl: O0x00
8305 000:00:27 482,262,815 14=| 32675 StackOiLane 8 (ELED) Raw Dava: 53 53 53 25 el 1d 4% 85 00 00 00 00 00 00 00 00 Limk: 4 Lans: 0 MaxRate 35 TC: Full EQ required FPhase 0 TUse Coeffs Tx Preser: P6 C-1: Ox02 CO: Oxle C#l: 0x00
6905 0 00:00:27 462 265,803 14=| 32 GT/s Stack OfLane 0 @ Raw Data: 99 59 55 S5 el ac fe 3e 00 00 GO 00 00 00 0O 00 - 2 l 2
7008 000:00:27.462,268,790 146=| 32675 StackOiLane 0 (R Raw Data: 93 55 95 95 el <7 00 €7 00 00 00 09 00 00 00 00 Link: 4 Lane: © MaxRate G4 TC: Full EQ requized
7105 0 00:00:27 462,271,774 14=| 32 GTfs Stack OiLane 0 @ Raw Dava: 59 59 95 55 el €e bc 5c 00 00 00 00 00 00 00 00 Link- 4 Lane* 1  Wax Rate: 334 TC- Full EQ required
7205 0 00:00:27 462,274,755 14=| 326Ts StackOlLane 0 (E2D) Raw Data: 95 99 55 55 el 7c 5d a€ 00 00 00 00 00 00 00 00
, RECOVERY :
7305 000:00:27.452,277,734 142 3267 StackOlane 0 (EED Raw Dava: 99 99 99 55 el 85 cl ab 00 00 00 00 00 00 00 00 ERCVRLOCK | Info: 0x01000004
7408 0 00:00:27 462,280,718 14=| 32GTs StackOiLane s (EED Raw Data: 95 59 55 53 el 8 Sd 7€ 00 00 00 00 00 00 00 00 Link- 4 Lane- 0 Wax Rate G5 TC: Full EQ required
7505 000:00:27 462,283,708 14= 32075 Sckolane . (EDD Raw Daza: 85 55 33 55 el £a a% $3 00 00 00 00 00 00 00 09 . — :
7508 0 00:00:27 462,266,693 1= 326Ts StackOiLane 0 (D Raw Data: 59 55 55 55 el 5£ 77 £e 00 00 00 00 00 00 00 00 Link: 4 Lane: 1 MaxRate: U TC: Full EQ required
- 0 £.00-00-27 453 380 683 1.¢= 32 Qe Stack 0fl ane nl_ £ p.mJ:“1-__95_3_9_59..99_.91_7;as_.fa.o.o_m__o.o__o.?...o.u..nu 0000 Info: 0x04000000
65 55 66 55 55 55 65 55 65 65 55 65 55 B6 6B
SESea o Bl EE 55 55 55 55 55 55 55 55 G5 55 55 55 55 55
L el 55 56 55 G5 55 65 65 55 b5 55 55 56 G5 55 55
PCls Rato: 22 &lis o 29:8 2:326 L wl E6 65 56 &6 E6 55 65 55 65 55 &5 55 K& EE E5
Direction: Transmitted 0 b
i i Info: Ox0bBOOOOOO
Source:  Stack O/Lane 0 : Symbol T
d th RECOVERY INACTIVE Info: OxlE000000
- Bt 1 {Efgidl)} rpequester ID: 00:00.0 Tag: 0 Complecer ID: 02:01.0 1st BE: 0b001l Register: 0012
! o1 {CEgREl’ Requester ID: 00:00.0 Tag: 0 Completez ID: 02:02.0 lst BE: 0B00LL Registez: 0x0l2
o {Efgidl) nequester ID: 00:00.0 Tag: 0 Completer ID: 01:00.0 1sc BE: 0b001l Register: Om012
{€EgEl) Requester ID: 00:00.0 Tag: 0 Completer ID: 02:00.0 lst BE: 0b0OlL Registez: Ox0l2
m Requester ID: 00:00.0 Tag: 0 Completer ID: 02:01.0 1l1sc BE: 0b0011 Register: Onxdl2
{CigRdl ' Requester ID: 00:00.0 Tag: 0 BE
a BE
Q BE
a BE
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Smart Debug Capabilities - PCle®

* End-to-end debug tools — Lane Margining, LTSSM state capture Flash Memory Summit

BN Select Command Prompt — O W

P L]
ning
& read 8 coear Logs [ Export Logs
-
PCle Link Status (] —
Detect
Link # o
LTSSM State: Lo 0 I
Links:
Speed: 12GTis |
| 5
Link #0 LTSSM Logs Paling \ Disable
Eniry # LTSSH State Link Sp. Time in State Arc Code Heazon :f""- \ \
0/Datect_Guiat 25GTis 12,118,152 0x06200000 migmt_rx_detect_ov 1, ni_r<_dst_status: 00000000 |~

| Detect_actived

mgmt_rx_detect_ow

1, nt_rx_det_siatus.

efect Qulet
3 Detect_activel
mgmt_rx_deiact_ov

4 Detect_Quiet 1, nt_rx_det_status

Datect_Activel ;
Datect_Acthoel Configuration Hot Reset

Dretect_Quiet 12,118, mgrit_rx_detect_owverride: 1 rx_det_status: 00000000
T Datect_Activel 6,
8/Detect_Quiet 12,118 m mgmt_rx_detect override: 1 00 \
9|Datect_Actived [* {(23-MUM_LANES)H1'b0}}: 000000000000000
10 :::ccl_luc‘. 12118 = int_rx_det_status ([NUM_LANE S)bits): 0 I'|I
= | Do000000 |
11| Detect_Activel B

12| Detect_Quiet mgmt_rx_detect_override: 1, nl_nc_det_status: 0

LocpBack [

13 Detect_Actvel
annn

rx_det_status: 00000000

14 Detect_Quiet
15 Detect_Actved
16 Detect_Quiet mgmil_rx_detecl_override: 1, ni_rx_det_siatus

17 Detect_Actived

w_del_stalus

18/ Detect_Quiet

18 Defect_Actveld
ect_Quiet marmi_rx_detect_owverride: 1, int_r_det_status: 00000000
ect_Activel L
etect_Quiet mamt_rx_detect_override: 1, int_re_det_status: 00000000 —
= A A = il — — _d_,——"'_fﬂ_
— R

@

efect_Actvel

=]

atect_Quiet mgmt_rx_detect_owverride: 1, int_rx_det_status

25 Detect_Actvel

Datect_Quiet mgmmt_rx_detect_override nt_r«_det_status: 00000000

]
m Bom

Detect_Acthvel
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High-Speed Interfaces in an SSD - DDR M

* DDR and Flash buses are parallel interfaces with Flosh Memory Summit
18 - 32 devices, with >40 signals per device

a DDR/Flash device NAND

* Testing can be done with interposer attached at }
cho

* Interposer is mounted between the device
and the PCB footprint

* Cannot install interposer in PCle®
production SSD

* Interposer nets are stubs which impacts
signal integrity

* Signal level reduction NAND
* Reflections DDR4/5

Ch N
* Ringing

NVMe®
Controller

* Noise
e Cannot be probe at the controller
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DDR BIST Diagnostic Commands M

Flash Memory Summit

The following is a list of DDR BIST diagnostic commands that are
available in our DDR Diagnostic Manager.

* ddr_BistInit <ps>

 ddr_BistSetup

 ddr_BistSetupPrint

« ddr_BistSequenceRun <pattern> <timeout>
 ddr_BistSet rankIndex <rankIndex>

« ddr_BistSet cid <cid>

 ddr_BistSet length <length>
 ddr_BistSet numReadWrite <numReadWrite>
« ddr_BistSet patternStyle <patternStyle>
« ddr_BistSet addressMode <addressMode>

ddr_BistSet tWrRd <tWrRd>

ddr_BistSet tWrWr <tWrhr>

ddr_BistSet tRdWr <tRdWr>

ddr_BistSet tRdRd <tRdRd>

ddr_BistSet userData® <userData®>
ddr_BistSet userData <userDatal>
ddr_BistSRE <csn>

ddr_BistSRX@ <csn>

ddr_BistZQCS <csn>
ddr_BistMaskOverride <©=Read, l=Write>
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DDR Diagnostic Tools

* Firmware Command Line Interface
(CLI) command set to aid in DDR and
Flash Debug

* Manual Step through initialization
seguence

e BIST capability
* Margining capability

* Diagnostic information (MR Register
DDR)

©2023 Flash Memory Summit. All Rights Reserved

Flash Memory Summit

DiagMgr> help

Help [<command>] - Provides help for the specified command.
MemRead <address> <DWord-count> - Read DWords from memory
MemWrite <address>» <data-word> - Write DWord toc memory
ddrTest - run ddr configuration

addrTest <start_address> <num bytes>

addrTest <start address> <num bytes>
ddr_VerboseSst <debug|acc|hist> <on|off>

ddr CtlPrint

ddr_DimmPrint

ddr PhyPrint

ddr TimingMeasure <rank> <timingTagNum> [skipBistFail]
ddr TrainPrep

ddr VrefMeasure <rank> <dram|device>

ddr ApicfgSet hdtctrl <hdtCtrl>

ddr ApicfgSet sequenceCtrl <train2d> <sequenceCtrl>
ddr ApicfgSet fregMhz <pstate> <freq MHz>
ddr_ApicfgSet_phyOdtImpedance <pstate> <value>
ddr ApicfgSet phyDrvImpedancePu <pstate> <valus>
ddr_ApicfgSet_phyDrvImpedancePd <pstate> <valus>
ddr ApiCfgSet aTxImpedance <value>
ddr_ApicfgSet_dramRttNom <rank> <pstate> <valus>
ddr ApicfgSet dramRttWr <rank> <pstate> <value>
ddr_ApicfgsSet_dramRttPark <rank> <pstate> <value>
ddr ApicfgSet dramDic <pstate> <value>
ddr_ApicfgSet dramWritePreamble <pstate> <valus>
ddr ApicfgSet dramReadPreamble <pstate> <value>
ddr ApicfgSet odtWrMapCs <pstate> <value>

ddr ApicfgSet odtRdMapCs <pstate> <value>

ddr ApiCcfgSet calatencyAdder <pstate> <value>
ddr_ApicfgSet_rcdDic <pstate> <value>

ddr ApiInit

ddr_ApiFwTrain

ddr ApiSavedMarginResultsLoad

ddr MarginTimingPerBitPrint <rank> <timingTag>
ddr MarginTimingSummaryPrint <rank> <timingTag>
ddr MarginTimingFinalPrint <timingTag>

ddr MarginTapSizePrint

ddr MarginVrefPrint <rank> <device|dram>

ddr VrefPrint <rank> <dram|device>
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Flash Diagnostic Tools M

Flash Memory Summit

* Firmware Command Line Interface P——
(CLI) comma nd set to aid in DDR and [0] - fccTraceLog - <channel> Print FCC Trace log of the given FCC channel

[0] - FlashECCstats - Prints ECC Error stats for Flash Reads
[0] - FlashReadRetryCounters - Prints Flash Read Retry Counters
F | a S h De b u g [0] - clearFlashReadstats - Clear ECC Error stats and Flash Read Retry stats for Flash
Reads
° IVI anua I Ste p th rou g h IN It 1 I | Zat Tela [0] changeRea.\dType - <reaijype> Change reaq operatloh type
[0] changeWriteType - <writeType> Change write operation type
[0] - FlashRead <channelNum> <ctxtNum> <blockNum> <pageNum> <blockType>
Se q u e n Ce <opMode> <startECCChunk> <numECCChunk> - Flash Read
. [0] - FlashWrite <channelNum> <ctxtNum> <blockNum> <pageNum> <blockType>
) B I ST Ca pa b| | |ty <opMode> <numPlanes> - Flash Write
[0] - Readld <channel> <context> <address> - Flash Read Id
. . R [0] - EraseBlock <channelNum> <ctxtNum> <blockNum> <blockType> <opMode> -
* Margining capability Flash Erase Block
[0] - BadBlockScan <startBlock> <scanOption> - Scan Flash Bad Block
[0] - DumpVLInfo <vlun> <vBIkSize> - Print Virtual LUN details

* Diagnostic information (MR Register | - rectestbebugievel <option> <SET/UNSET> - St Debug level for prints

[0] - FccTestStartRegression <vLun> <vBlock> <phyBlkindex> <blockType> - Run
D D R) Regression test

[0] - SetFeature <channel> <context> <address> <data> - Flash Set Feature

[0] - GetFeature <channel> <context> <address> - Flash Get Feature

[0] - SetLunFeature <channel> <context> <address> <data> - Flash Set Feature by LUN
[0] - GetLunFeature <channel> <context> <address> - Flash Get Feature by LUN

[0] - SetDataPattern <patternType> - Set Data Pattern

[0] - FlashOpConfig <blockOpMode> <vblockSize> - Flash Operation Config

[0] - forceProgramError - Force program error
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ash Diagnostics Functionality M

Flash Memory Summit

"he Flash Diagnostic Tool provides the following functions

Flash Margin Test

e Basic CLI commands to configure Flash Phy registers, set drive strength,
ODT, change flash clock frequency, perform error injections

Standard diagnostic commands to execute read, write and erase tests
Flash Diagnostic tool is part of Diagnostic Manager

Fl&EhETEEEL&TEHEu cchantielNur> <etxtum> <blockNums <blockTuype> ﬁﬂpﬁndeb : :
FlazhHritelatency frhannﬁlﬂuHE f'tthuHE <blockNun> <pageNun> ftl"PTupe} {apﬁnde} <hunP lanes> :
Flu hFuaﬂL:inn y a_hann IHun t tHun t] clHun ;:;uHun hl FTupn pH dn "taliEFFPhunP" ’ﬂUﬁEfrrhunL“

Fldth“dj”tlllhdtlJ" < h:nnelHun 3-t THun bl lHun nunFeq,
StopFCCUL ilizat ion xFl:D - Enable or Dl able> :
IutF"“tlllLﬂtl”” |h=nnu1
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Summary M

Flash Memory Summit

Challenges of debugging high-speed interfaces in an SSD

* PCle® smart debugging capabilities
* Rx eye capture

Built-in PHY analyzer

LTSSM state capture

* Margining tools

* DDR smart debugging capabilities
* Comprehensive diagnostic commands
* Trace capture
* Margining tools

* NAND Smart debugging capabilities
e Built-in comprehensive diagnostic commands
* Margining tools
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Flash Memory Summit

Thank you!
Visit Microchip at Booth 4109.

e

PCle® Gen 5 NVMe® Flash Controller
@Mlcnocmp
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