DDR Verification Approaches
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DDR Test Challenges

N

Signal Access & Probing

— Easy-to-use / reliable connections
— Bandwidth & Signal Integrity

— Affordable

Isolation of Read/Write bursts
— Triggering or Post-Processing (ASM)

Complexity of JEDEC Conformance Tests
— Vref/Vih / Vil
— Derating

Results Validity / Statistics
Effective Reporting / Archiving

Advanced Analysis
— Characterization
— Debug
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Challenge 1: Probing DDR Memory

Computer Systems use standardized DIMM'’s for
which several probing solutions are available

Memory in Embedded Designs is usually directly
mounted on the PCB

All DDR2 & DDR3 Components use BGA Packages

Probing a BGA package is Difficult
— Unable to probe at the Balls of the Device

Signal Access Solutions
— Component Interposers
— Direct Probing
— Analog Probing
— DQ, DQS, Clock
— Digital Probing
— Address
— Command
— Power, Reset, and Reference

Direct Probing

*Courtesy Micron Technologies
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Analog Solder-In Probing Solutions for DDR
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TriMode Micro-Coax Tip
4GHz

i Socket Cable
. 020-2954-xx

P7500 Series
Tri-Mode Probes

P75TRLST Solder Tip
up to 20GHz
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5

Nexus DDR3 BGA Chip Interposers
For Oscilloscopes
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Retention Socket BGA Chip Interposer
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BGA Chip Access For DDR2, DDR3

6

Unique, reusable socket design

allows for multiple chip exchanges
Able to use both analog and digital

probes

Nexus DDR Interposers sold by
Tektronix
— DDR2 and DDR3 versions
— X4/x8, x16 pins
— Socket and solder models
(See MSR for details)
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BGA Chip Interposer — Signal Fidelity

= Filters are available to de-embed analog effects
— Library of filters is provided with the interposer
— Filters were developed based on the actual S-parameters of the interposer + probe tip
— Available for DPO/DSA/MSO70000 and DPO7000 scopes
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Challenge 2: Burst Identification

= Locate the right kind of bursts (read vs write)
= Locate the precise edges of each burst

= Refine burst identity based on other criteria (rank, secondary bus state, etc)
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DDR3 Read Burst DDR3 Write Burst
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HW Triggering on DDR Reads / Writes

= Window Trigger - useful for real-time DDR read /write isolation
— DQS goes high for writes, low for reads (DDR3)
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Advanced Search & Mark (ASM) and Long Records

= Easily identify & measure all Read / Write bursts in the acquisition
— Based on the Advanced Search & Mark feature
— Scroll through marked reads / writes across the entire waveform record
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Burst Identification on an MSO

= Using bus state, specific transactions can be isolated
— For example, locate only Reads from a specific memory rank
— Advanced Search & Mark is used for fine burst positioning
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Challenge 3: Measurement Setup

= JEDEC Standards specify
measurements & methods
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JEDEC Standard MNo. 79-3C
Table 65 — Timing Parameters by Speed Bin (Cont’d) Page 14
NOTE: The following general notes from page 170 apply to Table 65: Note a. VDD =VDDQ = 1.3V =4 0075V
DRS00 DDRM1066 DDRL1ESS DDES-1600
Parameter Symbaol Adim Max Min, Max Min Max Min Max Umits | Notes
Cumulasive emver aczoss § cycles {ERR{Spes) T 1 _217 A7 152 193 1589 ] P
Crmmislasyoe erver across 9 cycles tERRPper) - 228 140 ] fiT] - 200 L] =178 175 ]
Crapulasve exrer aczoss L0 ovelbes tERR{10per) « 257 2457 - 231 pil| - 205 s - 180 150 ]
Crmmulacye error acoss 11 cycles tERR(]1per) - 263 263 - 37 237 - 210 210 - 134 154 ]
Crmmslasyve emor across 12 cvcles EERF{]2per) - 269 269 - 242 2 - 213 215 - 188 [ i
Crmnislame ervor scroasn= 13, 14 49, | (ERRinper) ?R.R::npdh'.-n = {1 + 0.48ka{m)) * “FIT(petmnin o] kI
50 cycles "ERPizperimax = (1 + 08Enin)) * TITiperimax
Data Timing
DOS. DOSS to DN thew, per group. per | NS0 . 100 E 150 = 135 = 100 P 13
BT
D output bold o Bom D5, DU5* WH 038 E [ = 038 = 0.8 . | | 16 g
D) low-mpedance time from Ch, CRe | 12000 ~%00 100 ~ 600 300 B L7 L] 1] Pt |1%14,F
D high impedasce time from CR, CRe | (HEDO) : 00 E 300 5 250 : s P8 | 13140
Diaita setup tume 1o DQS, DS referenced | (DG(hase) 75 25 b ] B 417
£ Vil(ac) / Vil{ac) bevels
Dot bold fize from D5, DS# 1DFRkate) L] 8.1 AC and DC Logic Input Levels for Single-Ended Signals
refierenced o Vihide) / Vil(de) bevels
T and DM Tgrat pealse width for each oEw &0 - 8.1.1  AC and DC Input Levels for Single-Ended Command and Address Signals
e — Table 24 — Single-Ended AC and DC Input Levels for Command and Address
Data Strobe Timing
DQ5.D05* didferenin] BEAD Preamble | GFRE (] Note 1 DDR3-500/10661333/1600
DS, DS differsnmal READ Postszble | (PPST 03 Note 1 Symbaol Parameter Unit | Notes
D5, DQo* differential outpt hagh e | 0QGH [ES : Min Max
D%, DS differential owtpat low 5L 038 - ‘v‘_]H.C.—"..lZDC'J DC put logic high "ﬁ':ftﬂ.:lw vDD v
tire _ VIL.CA(DC) DC imput logic low Vss Vref- 0,100 v ]
D5, DQSe differental WRITE Preamble ] (WFRE e - VIHCA(AC) AC wput logic bigh Vref +0.175 Note 2 v ¥
DG5S, DS differentzal WRITE WPST 03 = — - -
Povmbie VIL CA(AC) AC mput logic low HNote 2 Vref- 0.175 v 1,2
D05, DHJS# rising edge outpat access DOSCE T ) VIH.CA(ACISD) AC mput logic igh Vref = 0,130 Note 2 v 1,2
teae from smg CK CHe VIL.CA(ACLS0) AC input lope low Note 2 Vref . 0.150 v 1,2
Vesscame Reference Voltage for ADD, 0.49*VDD 0.51 * VDD v 3,4
CMD inguts
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Ease of Use - DDRA Wizard

Step #1
DIJRG-nlrli_l_gp_ nmmu -
|DDR3 [} 1333 MTis | v |
Select DDR Generation Select DDR Rate
Step #2

[] abdregsaWrite Bursts
[ M-m:ﬁiaw Rate(Diff)
[] acam Clock(Diff)

[] thba Clock(Single Ended)
\ | tiHite DOS(Single Ended)
QW Address/Command

L . | Choose measurements (Read / Write / CLK / Addr & Command)
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Comprehensive Measurement Support

Option DDRA supports a broad range of JEDEC-specified measurements for

DDR, DDR2, DDR3, LP-DDR

Example measurements list for DDR2 :

. tCK(avg) "
=  tCK(abs) "
=  tCH(avg) "
=  tCH(abs) "
=  tCL(avg) "
=  tCL(abs) "
=  tHP "
= tJIT(duty) "
. tJIT(per) "
= tJIT(cc) "
= tERR(02) "
= tERR(03) "
= tERR(04) "
= tERR(05) "
= tERR( 6 - 10 per) "
= tERR(11 - 50 per) "
=  tDQSH "

1« designinsight|seminar

tDS - diff (base)

tDS - SE (base)

tDS -diff - DERATED
tDS -SE - DERATED
tDH - diff (base)

tDH - SE (base)

tDH -diff - DERATED
tDH -SE - DERATED
tDIPW

tAC - diff

tDQSCK -diff
tDQSCK - SE

tDQSQ - diff

tDQSQ - SE

tQH

tDQSS

tDSS

tDSH

tiPW

tIS (base)

tIH (base)

tIS - DERATED

tiIH - DERATED

Vid - diff (AC)

Vix (AC) - DQS

Vix (AC) - CLK

Vox (AC) - DQS

Vox (AC) - CLK

Input Slew-Rise (DQS),

Input Slew-Fall (DQS),

Input Slew-Rise (CLK),

Input Slew-Fall (CLK),

AC - Overshoot Amplitude - diff
AC -Undershoot Amplitude - diff
AC - Overshoot Amplitude - SE
AC - Undershoot Amplitude - SE
Data Eye Width

Tekironix-
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Measurement De-rating

* JEDEC stipulates de-rating of DDR2 and
DDR3 pass / fail limits for Setup & Hold
measurements based on signal slew rate*

* Option DDRA automatically calculates
slew rates and applies the appropriate

de-rating values to the measurement limits.

= DS - diff (base)
= DS -diff - DERATED
= DS - SE (base)
= tDS-SE - DERATED
=  tDH - diff (base)
=  tDH -diff - DERATED
= tDH - SE (base)
= tDH-SE - DERATED

= IS (base)
= tIS - DERATED
=  tIH (base)

= tIH - DERATED

JEDEC Standard Mo, T9-3C
Page 176

13 Electrical Characteristics and

AC Timing (Cont'd)

13,3 Address /| Command Sefup, Hold and Derating (Cont"d)
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Figure 110 — Iustration of nominal slew rate and tyye for setup time tpg (for DO with
respect to strobe) and tyg (for ADDVOAMD with vespect to clock).
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Challenge 4: Results and Statistical Validity

16

To have confidence in your test results, you need 100’s, 1000’s or even more

observations of each measurement

As a practical matter, measurement throughput is essential

= DS Diffiderated), D, 375.73ps
Higgh Limit
Low Limit
Pass Fail
Current Actuisition  375.73ps
= IDH-DiM{base), DOS.. 468.52ps
Higgh Lirmit
LLone Limmit
Pass Fail
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Challenge 5: Reporting and Archiving

= HTML Reports

Jitter and Eye Diagram Analysis Tools : Measurement Report Tekironix
= Source Waveforms October 16,2009 10-17.54 At
+ Configuration
= Setup Configuration
Oscllloscope Version 436BulMdS
DPOJET Version 24 0Bukd41
e anii ement | 1005H el
Somcel DOSRell) Satue e
Walus High Limit | Low Limit | Pass Fall
E. ; lﬁ* P « Measuremant Configuration
Max 94 Fps | 181500 a (VIR [ — ?;llu Others
_ . . — mmwﬂm#mtmmwmﬂuﬁmﬁ , Clock Source: Redl, mm
+ Pass/Fail Information 1 |Data Eye Helght |Ref2 Refl | Both, u'wm-pir mmrygwmn:t Recalculation Ty
W arsian mamend 104051
Edges =» Fmrn Lnﬂ Hegh, Ta Level Msd, Slew Rute Technique DORSiearsteTochnigue | Filters => F1. Spec Mo
Seucel DOSMett) Fi Slewe Kate Hell. R Filter, F2 Spoec Mo Filter | General =» Meatimament Range Limste. OF, Max 0, M Ou, Cutlom Source Name DO
Walue | High Linit | Low Limit| Pass Fail Ealil Gy (ReC)
Min I Bd3tEps I1 - Slew Bave Held. | ﬁ.n-rm u-‘r-m mmrwm Fillors => F1 Spec. No Fiter,
EII A0 ddps |1 815008 a T m = m I-"* '“' Ef 2 o I n Soure DO{Re)
1 Slew Fals- Re2 Edgﬂ. =3 From Lml Mid, Tu Ll Ln* Eh-n Rate Tll:h'ilw I:IEFHE.‘-mMoTﬂhmqul ] Fﬂlu = Fi. Spec Mo Filter,
1 P-Intlm:gn SetupEallia) . F2 Spec Mo Fiter | Gendral => heasuremant Range Limds. Off, Max Ds, han O3, Custom Souvece Name: DORC)
» Measurement Plots) I e . ) Edges => From Level Mid, To Lewsl mmwmwmnn Spec. N5
- 5 WM Re@  [Fiter, F2 Spac No Fiter | Genaral => i Raege Limis: OF, Max- tms, Min: s, Cuttom Souce Name: DG
Edges m> Clock Edge Both, Data Edge Both | Fillers »> F1: Spec. Mo Filler, F2 Spec: Mo Filter | Genaral m»
e 6 s Uit oye Rt e r-'lu:umrﬂ Range Lemita: On, Maa S8pa, W Elr: Cunterm Source Name: DOS(ReN), l!'D[ﬁ'trE'] <

Uity 5 80, Toled B 5
L] ) B A B 4 i 4 Ja -] B i bt i 0 B
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Challenge 6: Advanced Analysis and Debug

= DDRA has access to all plotting & debug tools in DPOJET

bl -~ - .
1 ke O e O |

1, Dascripdion Fean Sad D Bl Min -y
. +) Drata Eye Width, DO 1.1140n5s RS 1.1140ns 1.1140ns 0.0000s 1 0.0000s 0.0000E

+ Slew Rate-Setup-F.  -2.0420ns 463 10mv. O63.99mA_ 4 400MNWNns 34360Wns 107 2400000 157 NIns
& IH-Diderated), D. 0581 v i GI1.67ps . 5 .

) IDS-Difm{lase), OS... 439,040 1 356.25ps

DS Diff{derated), D, 43004ps 032 356,250

1+ Slew Rate. Setup-Ri.. 1.9001Vns : o [ BED.BOMV...

+ Slew Rale.Hold-Ris—  2.3485Vins § : 139260 3.

+ Slew Rate-Hold-Fall... -2.3897ns - . A 800VRE  3.3176ns
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DDR Analog Validation & Debug — Tektronix Solutions

Signal Access - Probing

P7500 TriMode Probing

Single probe for diff, CM and single-ended measurements
Up to 20 GHz bandwidth to the probe tip

P6780 Logic Probe
16 channel Active Differential probe with 2.5 GHz bandwidth
Socketed BGA interposers for multiple exchanges

Signal Acquisition
Automatically trigger and capture DDR signals

Identify and trigger directly on DQ, DQS in real-time to isolate Reads/Writes
Command Bus triggering with user-defined decode files

Capture long time duration at high resolution
Direct connection to DPOJET for signal analysis
Time trend view for analysis of low frequency effects

Signal Analysis

DDRA — Automated setup, read/write burst detection, JEDEC pass/fail meas.
DPOJET — The most powerful Jitter, Eye and Timing analysis tool
Time, Amplitude, Histogram, measurements

Advanced Jitter, Eye diagram measurements and Pass/Fail testing
Many display and plotting options
Report generator
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I Resources

= Tektronix Knowledge Center:
= DDR Application Note:
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