Memory Interface Verification and Debug

Execution Validation Presentation
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Memory Validation Continuum
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Memory Interface Execution Validation

Measure the bus command and control timing sequences, and
compare them to a specification or evaluate them as indicators
of bus utilization or performance

Occurences | Violations  Status Min.(ps) Max.(ps) Average(ps) Margin(%) Spec. Value(ps)

RD to PRE(A)

RD to ACT

W to PRE(A)

WhR to ACT

CKEx Signal After DLL Reset
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I What's unique about Execution Validation

= Typical instrument use a post-capture model
TRIGGER = ACQUIRE = ANALYZE
= Execution Validation use model

ty < > Yuniimited
| Analysis Run |

= Two equipment options
1. Logic Analyzer - S/W automates acquisitions
2. Memory Compliance Analyzer - Real-time Analysis
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I Specifications Published in JEDEC Standards

JEDEC i i
STANDARD N[/

DDE3 SDRAM Specification

JESD79-3E

192 Pages
118 Figures
80 Tables
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Name

CMD wisSREF Rank

SRE w/sACT Rank

MRS wisACT Rank
RO{A)WR(A) during MRS
CMD wisPD Rank
RD(A)MWR(A) wisREF Bank
ACT/REF wisACT Bank
REF wisACT Bank
RO{A)MWR(A) to sPRE Bank
d4ACT

PDX Fast Exit

SRX Bt

dACT

PRE(A) Rank Settle

REF Before SRE

SRE Separation from PRE(A)
SRE Separation from REF
SRE Separation from ACT
SRE Separation from MRS
SRE Separation from WR
SRE Separation from WRA
SRE Separation from RD(4)
MRS Settle

MRS Burst

sSREF Time

WR Burst

RD to WR(A) Separation
PDX Slow Exit

Rank DLL Reset to RD({A)
WR to RD(A) Separation
RD Burst

=PD Time Min.

sPD Time Max.

PRE(4) Bank Settle

sREF Time

sACT Time Min.

sACT Time Max.

ACT to RD{AWRA)

RD to PRE(A)

RD to ACT

WR to PRE(A)

WR to ACT

CKEx Signal After DLL Reset

t specs are checked?

Description

Sequential check. A non-NOP/DES command can not occur on a self-refreshing rank.

Sequential check. A Self-Refresh Entry (SRE) command can not occur on an active rank.

Sequential check. An Mode Register Set (MRS) command can not occur on an active rank.

Sequential check. A read (RD or RDA) or write (WR or WRA) command can not occur during rank MRS cycle.

Sequential check. A non-NOP/DES command can not occur on a powered-down rank.

Sequential check. A read (RD(A)) or write (WR{A)) command can not occur during bank refresh.

Sequential check. A activate (ACT) or refresh (REF) command can not eccur on an active bank.

Sequential check. A refresh (REF) command can not occur on an active bank that is reading or writing.

Sequential check. A read (RD(A)) or write (WR(A)) command can not occur during on an inactive (precharged) bank.

The minimum time between any four activate (ACT) commands to the same rank must meet tFAW.

Fower-Down Exit (PDX/PRX) to any valid command (FRE(A)REF/ACTIMRS) must meet tXP.

Self-Refresh Bt (SRX/PRX) to any command not requiring a locked DLL (PRE(AYREF/IACT/MRSISRE) must meet tXS.

The minimum time between two activate (ACT) commands must meet tRRD.

Minimum time fram a PRE(A) command to any valid command on the same rank (MRS/SRE) must meet tRP.

Sequential check. At least one refresh (REF) command is required between self refreshed (SRX to SRE).

If the last valid command received before a self-refresh entry (SRE) was any precharge PRE(A), then the separation between these two commands must meet tPREPDEN.
If the last valid command received before a self-refresh entry (SRE) was a refresh (REF), then the separation between these two commands must meet tREFPDEN.
If the last valid command received before a self-refresh entry (SRE) was a activate (ACT), then the separation between these two commands must meet tACTPDEN.
If the last valid command received before a self-refresh entry (SRE) was a mode register set{MRS), then the separation between theze two commands must meet tMRSPDEN.
If the last valid command received before a self-refresh entry (SRE) was a write (WR), then the separation between these two commands must meet tWRPDEN.

If the last valid command received before a self-refresh entry (SRE) was a write wiauto-precharge (WRA), then the separation between these two commands must meet tWRAPDEN.
If the last valid command received before a self-refresh entry (SRE) was a read (RD(A)), then the separation between theze two commands must meet tRDPDEN.
Minimum time fram an mode register set (MRS) command to any other valid command that is not an MRS must meet tMOD.

Minimum from the first to the next and subsegquent mode register set (MRS) commands must meet tMRD.

The minimum amaunt of time in selfrefresh must meet tCKESR.

The minimum amount of time between write (WR(A)) commands must meet t2CD.

The minimum amount of time between read (RD) and write (WR(A)) commands must meet tNRTWw.

Power-Down Exat (PDX/PRX) Slow Exit (MRS_A12 bit low) to read (RD(A) command must meet tXPDLL.

Read (RD(A)) must wait tDLLK after reset.

The minimum amount of time between write (WR) and read (RD(A)) commands must meet tNWTR.

The minimum amount of time between read (RD{A)) commands must meet tCCD.

The minimum amount of time a rank must stay in power-down (PDE to PDX) must meet tPDmin.

The maximum amount of time a rank can stay in power-down (PDE to PDX) must meet tPDmax.

Minimum time fram a PRE(A) command to any valid command on the same bank must meet tRP.

The minimum amount of time in refresh must meet tRFC.

The minimum amount of time a bank must stay active (ACT to PRE(A)) must meet tRASmiIn.

The maxmum amount of time a bank can stay active (ACT to PRE[A)) must meet tRASmax.

The minimum amount of time from a activate (ACT) command to a read (RD{A)) or write (WR{A)) command must meet tNARW.

The minimum amount of time from a read (RD) command to a precharge (PRE[A)) command must meet tNRP.

The minimum amount of time from a read (RD) command to a activate (ACT) command must meet tNRA

The minimum amount of time from a write (WR) command to a precharge (PRE(A)) command must meet tNWwWP.

The minimum amount of time from a write (WR) command to a activate (ACT) command must meet thNin/A

Rank CKEx must remain high tDLLK time after a DLL Reset.
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How are the event values set?

DDR System Setup

System Name | DDR3-1600

DDR System
|DDR3-1600 =l

IECC MHz DDR Clock
|4 vl H of Ranks
(Chip Selects)
|512 Mb vl Total Addressable
§

pace
IE—L, Data bus (DG)

* Addressing Length
™ High Temp. Env. (85C-95C)

CKE Mapping... |

DDR Spec.

Setup iz valid

=] add | pel |

|

Rename |

— ReadWrites
m Additive Latency
[70 =] Adtive Latency Reserved (AL)
[T =] cas tateney o1y
[a =] caswite Latency (cwL)
[eot =] BustLength
[12 =] wite Recovery WR)

[ Registered

r— Information
8 # of Banks

536 MB  Rank Memary (54-bit)

2144 MB  System Memory (64-bit)
1KB Page Size
1 Read Latency (RL)
8 Wite Latency (WL)
13 Row Address
Length (bits)
10 Column Address
Length (bits)
24 WRA Precharge Delay
4 Min. RDA Precharge Delay

Save |

Compliance Timing Parameters

Timing Parameters|[Wja]=kE:ly1]]

tACTPDEN |1 il
C—

tccD
{CKESR |10 ns |
tDLLK |512 ck |

R il
wAwae 0 il
C—
tMRD | il
tMRSPDEN |12—i|
P - —
tPDma HT [35100 il
tPREPDEN |1—i|
s [ |

tMOD

tPDmin

{RASmax_HT]?5100 ns |

pad | pel |

8 [ 3

Rename I

PO =
tRDPDEN Wil
tREFFDEN |1—i|
tRFc_512Mb|5D—£|
tRFC_1Gb |”D—£|

tRASmin

tRFC_2Gb
tRFC_4Gb |3DD ns |
tRFC_8Gb 350 ns |

tRP |125DD ps |

tRRD_1Kb

tRRD_2Kb

tRTP
WR |1 5 ns |
tWRPDEN IDEI‘i\ted che |

{WRAPDEN |Derved 2
tWTR [7500 p
P [7500

XPDLL |25

XS Derived

L.

b=

=
o

{2}

wNARW  |Derved | o
tNRA [Deived 1
tNRP [Derved | ok
NRTW  [Deved

o

{2}

N E e N E

[7s]
[}
=
il

Standard system setups are provided, and can then be modified

Once the memory system is setup, any timing parameter can be modified
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Execution Validation Produces Performance Stats
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D Dats Nas Litsation 7eml 2 ) ‘\ - Ryt ] ALy fee
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100000 Automated control of the TLA took 10
i } acquisitions at 1M-Sample each for a total
B of 10,485,760 samples over 0.9 seconds.
- L 14 compliance parameters were found

B g = O H| s and checked and average of around
L = 4 . e 150,000 times each.
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Benefits of Real-Time + Post Capture

ACC+DQ
(Address/Command/ControI) (Address/Command/ControI/Data)

At-Speed / Real-Time

Post Capture

MCA Advantages LA Advantages

Capture Depth 1Gcycles State Capture of ALL DDR Signals
Cost 20ps High Speed Timing / MagniVu
PA Real Time + LA State Analysis Analog Mux

Multi Bus Cross Correlation
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Post-Capture Protocol Compliance Analysis

t < t o D Acquisition
0 unlimited Memory
Analysis Run 0 Acaisiion
1 1 77, 77 Triggering

7 i Zha

Secondary
memory
(hard disk)

=

-

/ Unload,
/ Modify &
A Re-arm

User Interface,
Acquisition
Control
And Analysis

LA Memory Compliance Analysis Package enables automated sweeps of multiple

transitions, which would result in violation detection over many acquisitions.

analysis time decreases.

When violations are occurring frequently the likelihood of capture increases and the

However, near the edge of margin envelopes, intermittency increases, resulting in

difficulty to observe and capture the event.
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Results per Session & per Acquisition

FIDIDDDHBRIIBHDIIDN DI

Violations | Status

Name Occurences Min.(ps) Max.(ps) Average(ps) Margin(%)

SRE Separation from RD{A)
MRS Settle

MRS Burst

sSREF Time

WR Burst

RDto eparation
PDX Slow Exit

Rank DLL Reset to RD{4)
WR to RD{A) Separation 20 6,236

RD Burst 3 11/ R Eve nt

sPD Time Min. 11 RO 5 B2k

SPD Time Max. : occurrences and
PR 11 RO .

SREF Tme : details per
sACT Time Min. 5 R2 R Tl . ..

SACT Tim Acquisition
ACT to RD(A

RD to PRE(A)

RDto ACT

Spec. Value(ps)

Signal After DLL Rese(

Occurences | Violations | Status Min.(ps) Max.(ps) Average(ps)

O R =

Total Event
Occurrences

w oo -

0111

L I
| @

10/10/2011 1:38:50 PM

Y
[=]
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Individual Event Analysis

i
T Individual

RD to WR(A) Separation 13 acq u iS Itl 0 n and

PDX Slow Exit

Rank DLL Reset to RD(&) eve nt Se I ecti O n

Spec. Value(ps)

WR to RD{A) Separation
RD Burst

sPD Time Min. ; = _ State and T|m|ng
o - : j & before and after
SACT Time Max.

-

Sample # Timestamp Rank Bank Offending Cp® Value(ps) Marg

Occurences  Violations | Status

: M = | 25344 43860801 3 PRE
10/10/2017 1:38:05 PM . 3 114431
1PM 3
10/10/2011 1:38:16 PM
M

102011 ::1 ""'13 E:’: Bank # | Command | Violation

[t BN I - ]

RNy ]

& ?
47516.270

i)

&
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Multi-acquisition Automation Session
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Automated control of the TLA took 10
acquisitions at 1M-Sample each for a total
of 10,485,760 samples over 0.9 seconds.
14 compliance parameters were found
and checked and average of around
150,000 times each.
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Real-time Protocol Compliance Analysis

Event Counters
and State Memory
continue to update

AT-SPEED, with

results displayed

iIn REAL-TIME,

While....

Event Memory

Event Counters

1111
\
\
_ tunlir ited
Analysis Run
Tt /="
7 7
= \ J
=) | ~Event
-—) State 1
==
s :t User Interface,
econdary | Acquisition
memory :> Control
(hard disk) And Analysis
D Acquisition
Memory V Unload,
vent D Acquisition é '\g%‘iignf‘
State n Tr\r/ilemo_ry
ggering

...the Acquisition
Memory is
unloaded,

analyzed and
trigger re-armed
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I Real-time Memory Compliance Analyzer

EREIREESS

DUAL INSTRUMENT PLUS PROGRAMMABLE FRONT-END
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Memory Compliance Analyzer

REAL-TIME PROTOCOL COMPLIANCE ANALYSIS

= Analysis 160+ categories
of JEDEC spec parameters

= |ncludes Power up/down,
self-refresh and auto-
precharge (RDA/WRA)
analysis

Fnu AOOOO'O'O’O‘

= Timing and State analysis

Real-time
AND
= HTML reports / XML Post Capture
exporting Compliance Analysis
Command/Address
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Programmable Front-End / High Speed Eye Diagrams

18

(= iCiS

=1 EoR ==

iCiS Setup

Left Boundary  -2000
Right Boundary 2000

[¥] Remember Previous Acquisitions

Clear Previous Acquisitions

iCiS Groups [Double-click to select)

|

ps

ps

[V] Address (18]
\]J Bank Address (3)

[7] Chip Select (2)
[l Clock Enable (2)
[¥] Control [3)

iCiS Sweep Voltages

Above settings will require sweep of

100  acquisitions.

FromYoltage 0.3 W
To Yoltage 1.3 Y
Resolution 001 v
Repeat 0 Times

m

|| O -] E

= | ResetPasitions Set Positions

-1,342ps

Bank Address
T: 0.900-0.938 ¥
S: -319-11 pSec

BA2
T: 0.900Y
S: -319pSec

BA1
T: 0.938Y
S: -11 pSec

BAD
T: 0.919Y
S: -154 pSec

Chip Select
T: 0.938V
S: -77 pSec

CS1
T: 0.938Y
S: -77 pSec

cso

T: 0938V
S: -77 pSec

Control
T: 0.881-0.975V
S: -341--11 pSec

WE
T: 0919V
S: -341 pSec

CAS
T: 0.975Y
S: -11 pSec

RAS
T: 0.881Y
S: -165 pSec

All Points Set w/Double-Click

-21ps
|Dps

-682ps

-
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I Automated Analysis Sessions

One or Many Acquisitions / One or Both Analyzers

Protocol Analysis Session
— Protocol Analyzer runs until stopped
— Violations and statistics are reported

= Single Acquisition Session
— Protocol Analyzer runs until the state analyzer is triggered
— Violations and statistics are reported.
— State/Timing data is acquired and available for analysis

= Multi-Acquisition Session

— Protocol Analyzer runs until the state analyzer is triggered
— Results are stored in disk memory and analysis is restarted
— Trigger conditions can be modified mid-session.
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Compliance Timing and Parameter Selection

20

Spec timing
Included
Customize timing

per target and
margin

Enable one, some
or all violations

5 Target Compliance Timing E'@ -
[ wwhrap iclation Storage DDR3
' B Ein) |DDR3-2133H GoliathR1.1 -
Lompliance Timing [Speed-Bin] [ L l ik Enable Compliance Parameter
1 ck 8 36 ns i
t4CTPDEN ok | masmin -. S —
tCCD 2 tRCD 13300 11- <P
tCKESR 125 tROPDEN  Derived ok 12: 15
{DLLE, 512 tREFFDEN 1 12 RAD B
tFaw_1Kb 30 {RFC_512Mb 90 14: 1AP (MPW/SRE)
tFawi 2kp 45 tRFC_1GL 110 15: REF Before SAE
1E: tPREFDEN
tMOD 18 tRFC_2Gb 76 v £
17: tREFFDEN
HRD 4 tRFC_4Gb 300
™ ™ 18: tACTPDEM
HARSFDEN 18 nis tRFC_8GH 350 ns
= 15: tMRSPDEN
g 5E25 13500 £
tPDmin tRP 20 P RPDEN
tPDma 70200 tRRO_1KE B 21: tWRAPDEN
HFDmaw HT 33100 tRRD_zkp 700 22 tRDPDEN
\PREFDEN 1 tRTP 7500 23 tMOD
tRéSmax 70200 twR 15 2 A
tFibSmax_HT 35100 twRPDEN ~ Derived ok 20 (CKESH
26 tCCD Wh
< | 1 | »
[ el Nore | | selan |
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Logic Analyzer Acquisition Control

21

8 IF/'THEN/ELSE
States

Each State supports
multiple AND/OR
clauses

1 Global Storage
qualifier

4 Word Recognizers

2 Counters

$ Acquisition Contral

Setup Name Galiath

Storage Contral
Post-Trigger Delay 1,000

Pre-Trigger Limit  MNone

Trigger In | OFf -

Winlation Comtral

Edit Violationz

Wirap Yiolation Stare

Trigger Contral
Trigger Stautus: OF,

‘whord Fecognizers

= Signal Bank Addr  Command  Addresz Rank
= Wt | ~| |7 | [aCT =] %% Rank
wR2 | -] (7 | [PRE =] %0 Ranki
s
whe [ e[ e

Counter Load Values
Counter 1 | 1000000

Counter 2 2222

Y
¥
Y
¥

Start at Load Value
Start at 0 hd

Clause:l E dit | | Add | | Ingert |

| Delete | Clauze Logic |Else If

Global

1

IF Anthing
Then |Store

m

State 1 State 1

IF Anthing

Then |Load Counter 1 AMD Go Tao State 2

State 2 State 2

Then

If Wh2 Matches
Increment Counter 2 AMD Go Tao State 3

Else IF| Anything
Then |GoToState 3
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Real-time Compliance Results

Occurences  Viclations  Status Min.(ps) |Max.(ps) Average(ps) | Margin{%) Spec. Value(ps)
SRE Separation from RD{A) 0 i
MRS Settle

MRS Burst

=SREF Time

WR Burst

RD to WR(A) Separation
PO Slow Exit

Rank DLL Reset to RD{A)

WH to RD{A) Separation

RD Burst

sPD Time Min.

sPD Time Maoc.

PRE(A)

sREF Ti

sACT Time Min.

sACT Time Maox.

ACT to RD(A)WR(A)

RD to PRE(A)

RD to ACT

WR to PRE(A)

WR to ACT

CKEx Signal After DLL ReGet

o
"
-
-3
o
"
[}
-
o
o
®
-
-
-
-3
[ 3
-3
o
"

Real-time event
statistics
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Violations and Acquisitions Must Be Time Correlated

23

R MCA Direct Winlation Listing

Timest sap

51,015.

ol, o=,

e

197,279,
3,322,501.
3,606,275,
3,666,592,
3,675,070,
%,704,818.
3,713,274.
3,735,261.

(n3)

32

1.
3=}
Z4
oo
a0
oo
S0
oo
50
50

Bank Address

Rank(s)

(il

Violations

LRFC
tRFC

tRFC
LRFC
LRFC
tRFC
tLRFC
tRFC
LRFC
LRFC
LRFC

= || =] 2R

Aoguisition Sample

33962
54366

125519
131491

-

m

R MCE Direct Acquisition Listing

Timestamwmp (n3) |Address

90,179.50 =

on o 4o4 M —_

.50 =
.00 =
.50 =
90,190.00
.50 =
90,193.00 =
90,154,850 =

90,196.00 00z 45

Bank #

1l

o O O o o o o o o

= [ =] ER

-

Command Violation

ACT

RD

M MCA Direct Acquisition Wavefarm

Address
Rank #
Bank #

Cammand

Yiolation

Tirmestamp [nS]

N | | [/

HOF

HOP
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Memory Validation Continuum

Analog Digital Execution
Validation Validation Validation

-

Instruments

Analysis SW
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Benefits of Real-Time + Post Capture

ACC+DQ
(Address/Command/ControI) (Address/Command/ControI/Data)

At-Speed / Real-Time

Post Capture

MCA Advantages LA Advantages

Capture Depth 1Gcycles State Capture of ALL DDR Signals
Cost 20ps High Speed Timing / MagniVu
PA Real Time + LA State Analysis Analog Mux

Multi Bus Cross Correlation
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