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Introduction

The Keysight Technologies, Inc. W3301A LPDDR3 BGA interposer enables probing of embedded memory
LPDDR3 178-ball DRAM from the ball grid array with Keysight U4164A logic analyzers.

The W33071A LPDDR3 178-ball rigid BGA interposer is designed to capture data rates in excess of 1866 Mb/s.

The LPDDR3 BGA interposer advantage

Features
Direct connection to the LPDDR3 BGA balls using a riser

Supports LPDDR3 178-ball DRAM at data rates exceeding
1866 Mb/s

Probes a 178-ball LPDDR3 single channel x32 DRAM with
JEDEC MO-311C footprint variations xA and xB with a
package size of 11.5x 1T mm to 13.5x 13 mm

For tight keep-out volume applications, a separate LPDDR3
178-ball riser is included

Benefits

Eliminates reflections from mid-bus probing methods. Also
eliminates design time, prototype builds and trace routing
required to design in alternative probing methods

LPDDR3, decode, functional compliance and performance
analysis using optional software tools

Accelerates navigation and insight of information captured
in the logic analyzer trace via multiple different graphs and
views of condensed analysis of LPDDR3 traces

Compatible with APS (advanced probe settings) to enable
DQ (data) capture over 1866 Mb/s

Provides larger eyes to logic analyzer for accurate signal
capture via internal logic analyzer comparator compensation

Leaded or lead-free solder supported

Works easily with all solder finishes. Designed to tolerate
lead-free soldering temperature profiles

Contract manufactures available for those without the
in-house expertise or facilities for soldering BGAs

Eliminates the need to develop BGA soldering expertise

Measurement timing skew within + 25 ps achieved by
matched trace lengths from DRAM balls to Soft Touch Pro
pads for logic analyzer connection

Accuracy for timing measurements

Unpopulated capacitor pads on the interposer are available
for optional power supply decoupling capacitors or voltage
probe points

Allows flexibility in testing for individual systems under test
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W330TA LPDDR3 BGA Interposer

Memory family DRAM package Interposer ~ Datarates  Signal coverage Connections Use model
construction
LPDDR3 - 178-ball Rigid In excess of Command address Connects using gty (2) ~ Debug and
- 0.8 mmx 0.65 mm pitch 1866 Mb/s - AlCA E5406A Soft Touch functional validation
- JEDEC MO-311 footprint Pro probes and gty (4)  for LPDDR3 178-ball
variation MO-311 Control U4201A logic analyzer ~ DRAM configured
with maximum DRAM RESET cables as single channel
package size of 13.5x 13 - CKEO, CKET, ODT, system
mm fit on top of W3307TA €S0, CST, CK_A
without an additional
(optional) riser or socket Data
to provide clearance for - AlLDQ
the tipR components - ALDQSt

W330TA LPDDR3 178-ball Rigid BGA Interposer

The W3301A LPDDR3 178-ball BGA interposer is designed to satisfy functional debug and
validation for LPDDR3 178-ball chip down systems.

The W3301A probes signals from the LPDDR3 178-ball DRAM footprint and routes the probed

signals to two Soft Touch Pro connector footprints. Connection to the Keysight logic analyzer is
through two E5406A Soft Touch Pro probes and four U4201A cables into a single U4164A logic
analyzer.
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Figure 1. Top view of W3301A LPDDR3 178-ball rigid BGA interposer and riser.
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Figure 2. Bottom view of W3301A LPDDR3 178-ball rigid BGA interposer and riser.
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Technical characteristics

P 1 2 3 4 5 6 7 8 9 10 11 12 13
A DNU | DNU | vDD1 | vDD1 | vDD1 | VDD1 vDD2 | vDD2 | vDD1 | VDDQ | DNU | DNU
B DNU | GND | zqo | z@1 | aND | GND GND | DNU
C N GND NC | GND | GND VDDQ
D B cND | vDD2 | vDD2 | vDD2 DM3 GND
E A B GND | GND | GND VDDQ
F VDDCA [l GND | GND | GND GND
G vDDCA| GND | GND | vDD2 | GND DM1 VDDQ
H GND |vDDcA| vrefca| vDD2 | vDD2 VDDQ VDD2
J CKec | ckt | oND | vDD2 | vDD2 GND
K GND | ckeo | ckE1l | vbD2 | vDD2 VDD2
L VDDCA [NeRle vDD2 | GND VDDQ
M VDDCA [l GND | GND | GND GND
N A A GND | GND | GND VDDQ
= A GND | vDD2 | vDD2 | vDD2 GND
R AQ NC GND | GND | GND VDDQ
T DNU | GND | GND | GND | GND | GND GND | DNU
U DNU | DNU | vDD1 | vDD1 | vDD1 | vDD1 vDD2 | vDD2 | vDD1 | vDDQ | DNU | DNU

Figure 3. Signals routed from W3301A into logic analyzer.
- DQ and DQS highlighted in ‘green’ are probed.
- CKand CKE highlighted in ‘yellow’ are probed.
- CAand ODT highlighted in ‘red’ are probed.

Signal access

All signals, including power and ground signals, are passed between the circuit board and
LPDDR3 DRAM through vias in the W3301A LPDDR3 178-ball BGA interposer.

LPDDR3 signal group logic analyzer signal access

Command/address
- All channel CA

Control and other signals
- All

Data

- Allexcept DQSO_c_A, DQS1_c_A

Power

- LPDDR3 device power is not monitored by the logic analyzer

- Passed through the interposer through vias

W3301A interposers include separate ground, 1.1 V (VDD2/VDDQ) and 1.8 V (VDD1) planes.
For additional installation information, refer to the W3301A installation guide at
http://literature.cdn.keysight.com/litweb/pdf/W3301-97000.pdf.




07 | Keysight | W3301A LPDDR3 178-bal

Dimensional drawings

| Rigid BGA Interposer - Data Sheet

W3301-2640

Blels -

l

4

£

=l

ww g gg

—

5

L
= N

@e9o@e8e@eeo0
@ec0eeee

|

—— Wyt

00O E0OCO0OOD0OE®
SOSPOPRPEPEPRODEROO
deceodCecOCOoROODOODOO
éedoobede0bObEDD®
eoeeebeOoCRORRODERDO

POECOREOEPROODEDDE
0P OPEPECPRODERDO
deecoECOCOROOODODROQ
éeeevbedevbobEnbe
eoecebeOCcoRCODEROO
e @@

LS

—_—

GIE

R R A L N R RN RN R NN R NCRON NOR-R RN N N RO
CRON R RN RO RORONORONCRORCECRONCRONCRCRCN RO NCR )

] X YLK

&

P S S A A T -

==

e [Ei0]

ZJ

—

KEYSIGHT

= W3301A O
® ¢ |oODR3 178.BALL

HEHHHTHLE

| [E]
Bl

fePPEePPPPERAAPRPPEREMA
R -3 - R NN NN NoRCN RCoR-NoRCN-

AL

A 4

F

wwpoe

Figure 4. Top dimensional view of W3301A. (W3301A thicknessis 1.5 mm + 10%.)

Note: W3301A includes pads for optional VDDQ (C9) and VDD1 (C10) bypass capacitors on the
top of the W3301A. The VDDQ and VDD1 capacitor pads provide easy access for monitoring
VDDQ and VDD1 with a Keysight N7020A power rail probe for use with the MSOS804A Infiniium
S-Series oscilloscope. The oscilloscope trace of the power rail noise can be easily imported

into the Keysight logic analyzer waveform for correlation of power noise to traffic flow using
ViewScope. ViewScope is provided at no extra charge in the standard logic analyzer application

software.
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30 mm
W330TA
interposer \

1.96 mm
(minimum clearance using riser)

Riser

17.5 mm

End view

38 mm

W3301A interposer Note:
fhickness 15 mm \_ " pominat
nominal

— There are no
components on
Riser the bottom of the
— 17 mm W3301A interposer

Side view

|<730mm—>|
\

W3301A

interposer l 38 rmm

1T mm

Riser

<«— 11.5mm

Bottom view

Figure 5. End, side and bottom dimensional views of W3301A KOV (keep out volume) with riser.
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Figure 6. LPDDR3 178-ball riser. (LPDDR3 riser is 2.16 mm thick + 10%.)
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Connecting the W3301A with E5406A Soft Touch Pro probes and
U4201A cables to a U4164A logic analyzer

In a W3301A interposer setup, you connect the E5406A Soft Touch Pro probes and U4201A
cables to U4164A logic analyzer pods per the mapping shown in the Figure 7.

Pod 7 Pod 5 Pod 3 Pod 1

/————

analyzer 2> 3> <4> <T>

module Z l;
E5406A probe 1\ ( E5406A probe

2> <T>

Logic U4201A cable " U4201A cable " U4201A cable " U4201A cable I

W330TA

interposer }

Figure 7. Connections between E5406A Soft Touch Pro probes and U4201A cables and logic analyzer
pods.
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Software

Default configuration for the W3301A interposer are included in the standard B4661A memory
analysis software package. The Keysight B4661A memory analysis software provides four
standard software features and four licensed memory analysis options.

B4661A standard software features

- Default configurations for DDR and LPDDR probing solutions for Keysight logic analyzers
- DDR setup assistant

- DDR eye finder/eye scan

- DDR configuration creator

The Keysight B4661TA memory analysis software offers a suite of viewers and tools that include
the industry’s first protocol compliance violation testing capability across speed changes;

a condensed traffic overview for rapid navigation to areas of interest in the logic analyzer
trace; powerful performance analysis graphics; and DDR and LPDDR decoders. With the
B4661A memory analysis software and a Keysight logic analyzer1, users can monitor DDR3/4
or LPDDR2/3/4 systems to debug, improve performance and validate protocol compliance.
Powerful traffic overviews, multiple viewing choices, and real-time compliance violation
triggering help identify elusive DDR/LPDDR system violations.

B4661A licensed software options

- DDR decoder with physical address trigger tool (Option-1NP/-1TP/-1FP)

- LPDDR decoder with physical address trigger tool for LPDDR/2/3 (Option-2NP/-2TP/-2FP)

- DDR and LPDDR compliance violation analysis toolset (Option-3NP/-3TP/-3FP)

- Post-process compliance violation analysis (Option-3NP/-3TP/-3FP)

- Real-time compliance violation analysis (Option-3NP/-3TP/-3FP)

- DDR3/4 and LPDDR2/3/4 performance analysis and ONFi analysis
(Option-4NP/-4TP/-4FP)
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DDR eye finder and eye scan software

DDR eye scan results of LPDDR3 signals gives you qualitative insight for all signals relative to each other. LPDDRS signals are scanned
in groups (Clock, CS#, ADD&Command, READ DQ/DQS, and WRITE DQ/DQS).

Clock I Chip Select | Command and Address | Data Read | Data Write |

Busses/Signals -2 ns -2ns -ins 0s ins Sample Position/Threshold
v TR P et IS o e B A o B 4o e A O s v ol i M ot A P T Eod A

Thresheld = User
vThresh = 624 mV
tSample = -502 ps

L= P ,.. .

1

Figure 8. Eyescan of CS# shows large, clean eyes.

| EENN | MASSN

E Eye Scan - Sample Position and Threshold Settings

+h i) == meenl EEEE mm (= [¥] Snap markers to eye center [¥] Click to move markers

Sample Position/Threshold

Threshald = User

E [V|CASOR vThresh = 624 mV  avg.
tSample = -1.0453 ns  avg.
Thresheld = User

El ¥ICASOF vThresh = 624 mV  avg.

tSample = -67 ps avg.

Figure 9. CA eye scans also show large, open eyes.

Note: The W3301A configuration has both CA9_0_R and CA9_O_F labels so that the users can
set rising and falling edge sample positions. By capturing both the rising and falling edges
simultaneously, the Keysight logic analyzer can easily trigger or search on specific physical
addresses that occur on sequential CA edges on the LPDDRS3 bus.
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Clock [ i Seect | Command and Address| Dota Reod [ Data Wit
Busses/Signals ans “1ns os g 2ns Sample Position/Threshold

Figure 10. Read eye scans.

Clock | Chip Select | Command and Address | Data Read | Data Wiite

Busses/Signals Sample Position/Threshold

“oqo
tSample = -1037 ns

Threshold = User

EILL Vihresh = 538 mV
tSample = <1037 ns

a Threshold = User

“og2 vThresh = 558 mV
tSample = -1037 ns

. Threshold = User

Qs Vihresh = 538 mV
tSample = -1037 ns

) Threshold = User

L Vhresh = 558 mV
tSample = -1037 ns

Threshold = User

“ioes VThresh = 558 mV
tSample = -1037 ns

Threshold = User

VThresh = 558 mV
tSample = -1037 s

Threshold = User

Floer VThresh = 558 mV
tSample = -1037 ns

. Threshold = User

FIDQs W1 Vhresh = 558 mV

tsample = 575 ps

Figure 11. The LPDDR3 write eyes.
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DDR and LPDDR performance analysis (B4661A-4FP/-4TP/-4NP)

Accelerate LPDDR3 analysis and debug using the B4661A memory analysis software licensed
options.

Transaction Decode

D Timestamp Transaction Typel [Rankl [Bark) (Row/Addrl IColAddrl (AF) [ PhyAddr || clock Frea
267 || 58.903 us, & 797 ns Read 7 || 0xocF2 || 0x3F0 || 0 || 0x70CF2FCO || 1.2 Ghz
D Timestamp Transacuon Type Rznk Bank Clcck Freq el
268 || 50.676 us, & 773 ns Precharge D TransactionID  Transaction  Timestamp  Delta Time Address  Order Read/Write Data Actual Data
D Timestamp Transaction Type Rank Bank Row Addr Clock Freq 0 72 Activate 0 0s ox7eCF3e40 @ 0x00005168
269 || 61.781 us, A 2.105 us Activate 7 || OXOCF3 || 1.2GHz 1 273 Read 1805 18ns 0x70CF3044 1 @xP0Q1AE9G
) Timestamp Transaction Type Rank B35 | Clackifreq 2 274 Read 25ns T 6x70CF3048 2 0x0000SDC
270 || 61.826 us, A 45 ns Precharge 2 GHz = 0x70CF304C 3 @x@0QQB2BE

3 275 Read 32ns 7ns
D Timestamp Transaction Type  Rank = Bank  Clock Freq 4 276 Read 38ns 7ns OxI1OCE30504. Jexa0mbIE
271 | 61.848 us, A 22 ns Refresh 0 || AllBanks || 1.2GHz 0x70CF3054 5 @x@000D2EB

5 217 Read 442ns 403ns X a
§0) Timestamp Transaction Type Rank Bank RowAddr Clock Freq o > # 0x70CF3058 6 0x0001AD97
272 || 62.031 us, A 183 ns Activate 7 0x0CF3 1.2 GHz 6 278 Read 448 ns 7ns @x70CF305C 7  ©x0000536F
D Timestamp Transaction Type! Rank (Bank (Row Addr (ColAddr (AP | PhyAddr | Clock freq a7 T =i - OxTOCEI00™ 8, - [OXA0OIACID
273 || 62.050 us, A 18 ns Read 7 || 0x0CF3 || 0x000 || 0 || 0x70CF3000 || 1.2 GHz 8 280 Read 463ns 8ns x70CF3064 9 @x00@1517D
D Timestamp Transaction Type Rank Bank Row Addr _ Col Addr ae Phy Addr  Clock Freq 2 281 Beed 4200s 2o OxTocER0cs 30 1oxo0onERD:
274 | 62.056 us, A 7 ns | Read oxocr3_J| oxo10 Wi o il ox7ocFsoa0 lf 1.2 GHz 10 282 Read ss2ns 82ns x70CF306C 11  @xe0e15DFS
D Timestamp Transaction Type Rank Bank Row Addr Col Addr ‘AP PhyAddr  Clock Freq un 283 Read 558 ns 7ns @i7ecEIasgs 12 1€re000BaES
275 62.063us, A 7 ns Read 0x0CF3 || 0x020 || 0 || 0x70CF3080 || 1.2 GHz - T e = T 0x70CF3074 13 0x00016F93
D Timestamp Transaction Type Rank Bank Row Addr ColAddr AP | PhyAddr  Clock Freq 13 285 Read 1402us  837ns BxjocE3a7s - 14 “OxBeAaDI7a
276 | 62.070 us, A7 ns Read 7 || oxocF3 || 0x030 || 0 ||0x70CF30C0 || 1.2 Ghz 24l 0x70CF307C 15  OxQQQIAEF7

1 286 Read 1408us  7ns
D Timestamp TransactionTyps| [Rark [Bank! (Row Addrl (Col Addrl (AP [ PhyAddr | Clock Freq s o o T
277 || 62.473 us, 4 403 ns OxOCF3 || 0x040 || 0 || 0x70CF3100 || 1.2 GHz 2 i iy k

6 288 Precharge  1602us  187ns
D Timestamp Transaction Type Rank Bank RowAddr Col Addr AP~ PhyAddr  Clock Freq : rechorge; s n
278 | 62.480 us, A7 ns Read 0 7 || OxOCF3 || 0x050 || 0 ||0x70CF3140 | 1.2 GHz
D Timestamp Transaction Type Rank 'Bank 'RowAddr ColAddr ‘AP | PhyAddr  Clock Freq
279 || 62.486 us, A7 ns Read 0 7 || OxOCF3 || 0x060 || 0 ||0x70CF3180 | 1.2 GHz
i) Timestamp Transaction Type 'Rank Bank 'Row Addr ColAddr AP | PhyAddr  Clock Freq
Refresh
Disploy Re-Draw — Rank lo Display | -Command o Display Chart X Axts Chant Y Axs Number of Display Buckets (Decimal) PanondZoom Markers Crosshar Oplions - Calor Optons
(Renko ~] ResdandWite | | (Time v | [RowAddr:BA ] | (] Auto RowAddr |3 Col Addr | 233 (0] = [&]Q]@&] [2eomXAxs +] | 7] Show [] Conter [9] Re-Draw [7] SnaptoPoint || [¥] Show Toolip | (Classic | [Cinear ] [ Transparent

(163 ms|

B Overview Wavelom1__ [ Memory Analysis-1 [} Lising1__]

Figure 12. B4661A Option-4FP/-4NP/-4TP transaction decode, memory access overview graph and details window. (Image shown is LPDDR4
example.)

The memory analysis window, accessible from the overview window, is the
B4661A-4FP/-4NP/-4TP option (performance analysis). All tabs in the memory analysis window
are dockable and can be moved around for user viewing preference.

Benefits of the B4661A performance analysis transaction decoder and traffic overview

Condensed view of all command activity in the trace

Including details of rank/bank, row, Col, BA, physical ADD, and clock frequency
Enables rapid navigation of the trace

Click, scroll or jump to commands of interest

Pan/zoom on chart of command activity

Place or jump to markers (markers are global across all windows/views)
Users can rapidly notice variations in charts of the command activity
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Traffic Overview | Refresh Rate Overview | Memory Access Overview, | Performance Overview | Speed Change Overview

Navgation — =
(14)@ oo 34 [ outof 14007 evets D4 |

Command /Ranks=> | Rank0 | Total | Percent ||

rctu s 1a005 1147
s cotes cos 71.10%
Wotreisread 2 2 o |[
Activate 14007 14007 1148% |

Refresh allBanks 72 7T1®2 588%

Options PansndZoom Warkers
[setup. | (AiRanis <)@ cran @vaws | [0][8] (@)@ [zoomxass +] | [ show [ center

B Oveniew Bl Waveorn1__ i Memory Analysis-1 [} Lsing1 ]

Figure 13. Traffic overview with graph is provided in the B4661A-4FP/-4NP/-4TP option. Notice that when you zoom in on the traffic overview graph
you can see individual commands. In this trace, when all Ranks is selected, you only see one color (yellow) for Rank O as it is a single rank trace

capture.

Rovgton = optors
O o] o [fefamoton eens b

Commend / Ranks=> | Renk0 | Total | Percent

Precharge 14006 14006 11.47%

Resd 86866 86366 71.16% | NN

Mode Register Read 2 2 000%

Activate 14007 14007 1148%

Refiesh all Banks 782 782 588%

Seup.| (Al Reis ) ] Crert [2] v A

Pan and Zoom Markers
o] E @)@ (zomxams <] | @istow £ coner

B Waveforn1 _ @ Momory Analysis-1[B__ Listing1

Figure 14. Zoom into details of command activity using traffic overview graph.

Details
ID Transaction ID Transaction Timestamp Delta Time Address  Order Read/Write Data Actual Data
0 272 Activate 0s 0s @x78CF3040 © Bx0080516B
1 273 Read 18 ns 18 ns @x78CF3044 1 Ox@0O1AES
5 274 Read " — 0x78CF3048 2 0x00005D6C
s s = i sl 0x78CF304C 3 Ox0000B2BE
p . & e < ©x70CF3050 4 9x00016D7E
@x78CF3054 5 0x0000D2EB
2 i Head et R ex70CF3058 6  @xPAO1ADI7
6 278 Read 448 ns 7ns @x70CF305C 7 0x0000536F
7 279 Read 455 ns 7ns @x70CF3068 8 @x0O@1AELD
8 280 Read 463 ns 8 ns @x78CF3064 9 8x9081517D
9 281 Read 470 ns 7ns 0x7BCF3068 18  OxPOOBAEFD
10 282 Read 552 ns 82 ns ex7aCF3e6C 11 Bx2e0815DF3
11 283 Read 558 ns 7 ns ex7acFiaje 12 Bx0000B3E3
1 84 Read 565 s e Px78CF3074 13  OxP0O16F93
- o S s el Px78CF3078 14  OxP008D373
5 S ey PR s 0x78CF307C 15  OxPOOLAEF7
15 287 Read 1.415 us 7ns
16 288 Precharge  1.602 us 187 ns

Figure 15. Details tab available using B4661A-4FP/-4NP/-4TP performance analysis option.
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The details tab provides additional information on commands.

DDR/LPDDR DRAM banks must be activated (opening a “page” or “row”) prior to any read/
write activity to that bank/row. When the memory controller needs to access a different row
address on the bank, a precharge is issued to “close” the “page.”

The all associated activates, reads, writes and precharges are displayed together on the left
side of the details tab. This is important information for debug and performance optimization
of a system. (Page violations can result in corrupt data and extra opening and closing of pages,
which take time and slow system performance.)

On the left side of the details tab, you will see the data associated with any read or write
command selected.

Trzfic Overasa  Tes. Desses Redresh Rate Overwiew  Memory Access ODsenaea. Fesrmasce Deerass

1 m"ﬂi ) (B0 2] Cas| Ze B =@ s = # &9 When the Refresh rate falls below 100% bar
: (indicating too few Refresh):
- Red dots indicate the locations

- Too few Refresh = risk of data corruption

Figure 16. Refresh rate window. Included in the B4661A-4NP/-4TP/-4TP performance analysis option.

The refresh rate overview is an industry first. Analyzing a rolling 32 ms (adjustable) window of
refresh activity to provide a percentage result for the minimum number of refreshes required
(also adjustable). This new analysis view is particularly suited to viewing LPDDR refresh
windows. Deep traces, usually 128 M or deeper are recommended for meaningful refresh rate
displays.

Cooors.

Tooko
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The memory access overview in the B466TA-4NP/-4TP/-4FP option allows the user to select
different X & Y variables to view the entire memory space accessed in the trace and to pan and
zoom around the address space.

Time on the X and either BA:ROW or Row:BA are particularly insightful for highlighting “hot
spots” of excessive activates to a particular blank/row address at a specific time. This can help
users determine if particular memory tests or stimulus are possibly stressing row hammer. (Row
hammer is a situation where internal rows on any specific bank inside the DRAM are victims of
cross talk from surrounding rows in the bank.)

Trafiic Gverview | Details | Refresh Rate Ovenview " Memory Access Overview | Performance Ovenview | Speed Change Overview - X
Display Re-Draw | Rank to Display | Command o Display Chart X fodis Chart Y Aois Number of Display Buckets (Decimal) Pan and Zeom Markers Crosshair Options | - Color Options

(Rok0 v | [Resdandiiiie ] | [Time | | [RewAddrBA ~|| [@Auo RowAddr |2 Col Adde | 176 ( [®)[Q][&] [Zoem*Ads -] | 9] Show @] Center [¥] ReDraw ¥ Snapto Point || 7] Shaw Tookip | [Classie | [Linear =] [ Transparent

E

Traffic Overview | Detalls | Refresh Rate Overview 'Memory Acoess Overview | Performance Ovenview | Speed Change Overview

Display Re-Draw - - Rank to Display | - Command to Display Chart X Axis Chart Y Axis Number of Display Buckes (Decimal)
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Figure 17. In memory access overview set for time vs. RowAdd:BA, the system under test was stepping through row addresses to individual banks. In
this view, users can zoom in and re-draw to see more detail for a specific time.
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Figure 18. Performance analysis overview. B4661A Option-4FP/-4NP/-4TP provides data rate performance and percent utilization analysis and graphs.
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Figure 19. Clock frequency overview is provided in B4661A Option-4FP/-4NP/-4TP.

Clock frequency overview is very interesting to users with systems that are changing frequency.
LPDDR systems can be aggressive at changing clock frequencies to conserve power.
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DDR and LPDDR compliance violation analysis tool (B4661A-3FP/-3NP/-3TP)

The DDR and LPDDR compliance violation analysis toolset provides two tools under one
license: post-process and real-time compliance violation. Both compliance tools cover DDR,
DDR2, DDR3, DDR4, LPDDR, LPDDR2, LPDDR3 and LPDDR4.

Key features of both the post-process and real-time compliance violation tools:

- Test compliance violations across speed changes using the post-process compliance
violation tool

- Identify DDR/2/3/4 or LPDDR/2/3/4 state machine, protocol compliance and protocol
level bus cycle timing violations using either post-process or real-time tools

- Save time with automated real-time DDR2/3/4 or LPDDR2/3/4 protocol compliance
measurements and trace captures using the real-time compliance violation analysis tool

- Edit parameters of the DDR/LPDDR standard preset tests easily using the enhanced
parameter editing interface for both post-process and real-time tools

DDR/LPDDR Post Process Compliance Tool -- DDR Device 1

File View Help

Set Up ISeIect Tests IConﬁgure IRun ]Automate I-I HTML Report ‘

ITest Name IActual Value|Margin %/|Pass Limits # Trials
JACTIVATE to PRECHARGE/Auto-PRECHARGE must be <= tRASmax Pass 283E+01 |VALUE <= 70.000 ps 1
JACFIVATE te PRECHARGE must be >= tRASmin Pass &7 max(42ns, 3CK) 1

-22.3
J READ to PRECHARGE must be >= tRTP Pass 50.0 max(7.5ns, 4CK) 1
JREAD to WRITE must be >= tDRW Pass 166.7 RL + RU(tDQSCK(MAX)/tCK) + BL/2 + 1 - WL|1
JWRTI'E to PRECHARGE must be >= tDWP Pass 0.0 WL + BL/2 + RU(tWR/TCK) + 1 1
JWRHE to READ must be >= tDWR Pass 7.7 WL + 1 + BL/2 + RU{tWTR/tCK) 1
JWRTI'E to WRITE, READ to READ must be >= tCCD Pass 0.0 'VALUE >= 4 CK 1
/| ACTIVATE te ACTIVATE (different banks) must be >= tRRD Pass 12.0 max(10ns, 2CK) 1
/| Four ACTIVATE window (different banks) must be >= tFAW Pass 23.8 max(50ns, 8CK) 1
W/|READ or WRITE to an inactive row Pass 100.0 Pass/Fail 1
./ REFRESH to an active bank Pass 100.0 Pass/Fail 1
\W/|ACTIVATE to an active bank Pass 100.0 Pass/Fail 1
MRW Long Calibration command to any valid command (or CKE lew) must be > tZQCL N/A VALUE >= 360.0 ns 1
MRW Short Calibration command to any valid command (er CKE low) must be > tZQCS N/A VALUE >= 50.0 ns 1
MRW Init Calibration command to any valid command (or CKE low) must be > tZQINIT N/A 'VALUE >= 1.0000 ps 1
MRW Reset Calibration command to any valid command (or CKE low) must be > tZQRESET|N/A max(50ns, 3CK) 1
MRW command to MRW command (or CKE low) must be > tMRW N/A VALUE >= 10 CK 1
MRW command to any valid command must be > tMRD N/A max(14ns, 10CK) 1
MRR command to any valid command (or CKE low) must be > tMRR N/A 'VALUE >= 4 CK 1
%|PRECHARGE (all banks) to ACTIVATE/REFRESH must be >= tRPab Fail max(27ns,3CK) 1
. X|PRECHARGE (per bank) to ACTIVATE/REFRESH must be >= tRPpb Fail max(24ns,3CK) 1
m J Duration of CKE high/low >= tCKE. Pass 1.1 max(7.5ns,3CK) 1
EJ Duration of self-refresh >= tCKESR Pass 412E+01 |max(15ns, 3CK) 1
™| |Duration of deep power down >= tDPD N/A VALUE >= 500.000 p 1
o |¥|Greater than 8 REFRESH all bank commands in tREFBW Fail VALUE >= 6.7200 ps 1

XGreater than 8 REFRESH all bank commands in tREFBW Fail VALUE >= 6.7200 ps 1

Refresh (per bank) to Activate (same bank) or Refresh must be > tRFCpb N/A VALUE >=90.0 n 1
3¢ |Exit self-refresh to valid command >= tXSR Fail max(tRFCab + 10ns,2nCK) 1
W/ |Exit power down to valid command >= tXP Pass 0.0 max(7.5ns,3CK) 1
Parameter Value
tRCD Fail A
--—-Additional Info---

\Acquisition Time Triggered on 8/4/2015 at 9:46:11 AM

Number of tests 37840

Number of failures 6100 2

Number of failures listed 20

Mark all failures listed

Mark and jump to worst case failure listed|

Edit limit value

State Pair Margin/Time/Clocks/Clock_Frequency

1.-20 0 -21.7%, 18.8 ns, 10 CK, 529.661 MHz

2. 168 188 -21.7%, 18.8 ns, 10 CK, 529.661 MHz

3. 356376 -22.0%, 18.72 ns, 10 CK, 525.661 MHz

4. 544 564 -22.0%, 18.72 ns, 10 CK, 525.661 MHz

S5.772 792 -22.0%, 18.72 ns, 10 CK, 525.661 MHz|
Messages ‘

2016-07-13 01:03:21:360 PM Please Wait A || All selected tests completed.

2016-07-13 01:03:21:380 PM Stopped
2016-07-13 01:0: 3:450 PM Run started
2016-07-13 01:03:23:780 PM Append or Replace?

v

‘ Unsaved Changes ‘ 30 Tests ‘ ‘ ‘

Figure 20. LPDDRS3 post process compliance tests from B4661A Option-3FP/-3NP/-3TP.
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LPDDR decode (B4661A-2FP/-2TP/-2NP)

Sample Time Time Physical Address Cycle Type
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Figure 21. B4661A Option-2FP/-2NP/-2TP, LPDDR3 decode, viewed in listing window.

The B4661A-2FP/-2NP/-2TP offers a traditional LPDDR decoder for the logic analyzer listing
window.

Benefits include:
- Complete decode of LPDDR commands with data associated to specific reads and writes
- Fastest display of decode (page aware)
- Users can scroll through the listing (or waveform) while computing large traces with the
performance software
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Configuration Guide and Ordering Information

W3301A includes

- LPDDR3 178-ball rigid BGA interposer

- 178-ball riser for devices under test that have components surrounding the LPDDR3 178-
ball DRAM where the surrounding components are too close to install the W3301A without
the riser. Riser includes a ground plane. Riser orientation is critical for proper operation.

W3301A requires

- Qty (2) E5406A Soft Touch Pro probes (each probe ships with a kit of 5 retention modules)
- Qty (4) U4207A cables to connect between the E5406A and compatible logic analyzer '
- Qty (1) U4164A logic analyzer module %24 in a chassis with a host controller

Optional for W3301A

- 178-ball riser for devices under test that have components surrounding the LPDDR3 178-
ball DRAM where the surrounding components are too close to install the W3301A without
the riser. Riser includes a ground plane. Riser orientation is critical for proper operation.
Riser is included with the W3301A.

- The 178-ball riser may be replaced with an optional 178-ball grypper socket
(sold separately): http://www.hsiotech.com/products/released-products/
engineering-products/grypper-family.

Notes:

1. Qty (4) N2815A MSO/logic analyzer cable for connection to 90-pin logic analyzer probe
can replace the U4201A cables. N2815A cables connect a single header into the odd pod
of a U4164A pod pair. Therefore, they can’t be used for applications where the even pod
is required.

2. For data rates up to 1400 MT/s, the W3301A is compatible with the 16864A logic
analyzer with Option 700.

3. The W3301A is also compatible with discontinued U4154A/B modules with appropriate
speed grade options.

4. Minimum data valid window at the LPDDR3 DRAM balls requirements vary by logic
analyzer module. U4164A has a small requirement at 100 mV x 100 ps. Termination
settings and signal integrity of system under test affect data valid windows.
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Recommended configuration

Item

W330TA LPDDRS 178-ball BGA interposer

Quantity

E5406A Soft Touch Pro probes

U4207A cables to connect between the E5406A probes and compatible logic analyzer

U4164A logic analyzer module

M9502A 2-slot chassis

M9537A embedded controller

B4661A-2FP/-2NP/-2TP LPDDR decoder

B4661A-3FP/-3NP/-3TP compliance analysis

B4661A-4FP/-4NP/-4TP performance analysis

JRRNY [N [N [N [N (N NG NG

Related Products

Product
Modular logic analyzers
U4164A

Logic analyzer probes/cables
E5406A

Description

136-channel, up to 4 Gb/s state, quad state mode, up to 10 GHz
timing, memory depth up to 400 M, AXle-based logic analyzer
module allowing three modules to merge into one time base

Pro Series Soft Touch connectorless probe - single-ended, for
90-pin cable

U4207A Logic analyzer cable

Software

Logic and protocol analyzer software Required - not licensed; acts as the base software platform
B4661A memory analysis Required - unlicensed base software

Portable logic analyzers
16864A

Licensed options recommended: Options-2FP/-2NP/-2TP,
-3FP/-3NP/-3TP, -4FP/-4NP/-4TP

136-channel, up to 1400 Mb/s state, dual sample mode, up to
10 GHz timing, memory depth up to 128

Related Literature

Publication title Publication number
W3307A LPDDR3 DRAM BGA Interposer - Installation Guide W3301-97000
Capture Highest DDR3 Data Rates Using Advanced Probe Settings on Logic 5991-0799EN
Analyzers - Technical Brief

B466TA Memory Analysis Software for Logic Analyzers - Data Sheet 5992-0984EN
U4164A Logic Analyzer Module - Data Sheet 5992-1057EN
Probing Solutions for Logic Analyzers - Data Sheet 5968-4632EF

Infiniium 90000 X-Series Oscilloscopes - Data Sheet 5990-5271EN
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www.axiestandard.org
ANV AdvancedTCA® Extensions for Instrumentation and Test (AXle) is an
- .A’e open standard that extends the AdvancedTCA for general purpose and
semiconductor test. The business that became Keysight was a founding
member of the AXle consortium. ATCA®, AdvancedTCA®, and the ATCA logo
are registered US trademarks of the PCI Industrial Computer Manufacturers
Group.

www.xistandard.org

LAN eXtensions for Instruments puts the power of Ethernet and the Web
L/(I inside your test systems. The business that became Keysight was a founding

member of the LXI consortium.

Www.pxisa.org

[\ ' 4 | PCI eXtensions for Instrumentation (PXI) modular instrumentation delivers a
l Al rugged, PC-based high-performance measurement and automation system.

Download your next insight

Keysight software is downloadable
expertise. From first simulation through

first customer shipment, we deliver the \ A
tools your team needs to accelerate from ‘
data to information to actionable insight.

- Electronic design automation (EDA)
software

- Application software

- Programming environments

- Productivity software

Learn more at
www.keysight.com/find/software

Start with a 30-day free trial.
www.keysight.com/find/W3301A
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