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DDR MEMORY TECHNOLOGY - REFRESHER




Technology Refresher

DDR SDRAM

What is DDR? What is SDRAM? What is DIMM?

» Double-Data Rate » Synchronous Dynamic » Dual Inline Memory Module

» Data bit is transmitted at both Random Access Memory » Commonly found in PC &
rising and falling edges of » Volatile memory that can store servers as array of SDRAMs
clock data fast but temporarily

DRAM Cell DRAM Array

Unbuffered DIMM

1 data
_SOR K SR e

gle data rate clock
DL ¢ ¢ ¢ ¢ ¢ 0@
Double data rate clock

. . . . ‘ 4data . .. - “' XN, 2l S .

er : ==

¢ 6.6 o ¢ (F:)Iock " DRAM Chipset Small Outline Micro-DIMM

DIMM
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Technology Refresher

SDRAM APPLICATIONS

» SDRAM Types:
— Main memory: DDRXx(L) Application
— Low Power / Mobile: LPDDRx(X) .
— Graphics: GDDRX(X) Commodity

Low-Power
DDR

Graphics

DDR DDR

Form-factor

Discrete
DRAM

DIMM

Discrete / SoDIMM:
Mobiles, laptops, Mini-PCs,
automotive systems, etc.

Discrete GDDR / HBM
Data-intensive systems
(graphic cards, Al, high®
performance computing,

L/LRDIMMs: servers, cloud

computing, data centers,
networking

U/SODIMMs: desktops, labtops

Discrete DRAMs: consumer,
digital home, industrial
applications

Source: Samsung

5 Rohde & Schwarz (LP)DDR5 Memory Interface - Signal Integrity Debugging & Compliance Testing



Technology Refresher

DDR SDRAM: THE KEY SPECS

Clock Frequency Transfer 2 bits per clock Data bandwidth = 64-bit * transfer rate
I B D
Standard B Voltage (V)
year Prefetch Clock rate (MHz) Transfer rate (MT/s) | Bandwidth (GB/s)
SDR 1993 1n 66 .. 133 66 .. 133 0.53..1.06 3.3
DDR 1998 2n 100 .. 200 200 .. 400 16..3.2 2.5
DDR2 2003 4n 200 .. 533 400 .. 1066 3.2..85 1.8
DDR3 2007 8n 400 .. 1066 800 .. 2133 6.4..17.066 1.5/1.35
DDR4 2014 8n 800 .. 1600 1600 .. 3200 12.8..25.6 1.2/1.05
DDR5 2020 16n 1600 .. 4400 3200 .. 8800 25.6..70.4 1.1
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Technology Refresher
TYPICAL DDR TEST SCENARIOS

I Focus on System Test:
I Measure signal integrity to verify quality of board design margin
I Prove signal integrity for customers
I Debug signal integrity issues on the memory interface

SDRAM Chip m Memory Controller PCB (DDR-System)

I Test are mainly done in
fixture board

Application specific boards

Ensure controller signals Computer board

1 Full electrical protocol meet the JEDEC
and functional testing requirement 1 Using SDRAM or DIMM with Memory controller on the
1 Test required with 1 Test with different SODRAM PCB will require electrical and functional testing
I Most tests are done on different SDRAM chip and DIMM for 1 Can be found in slightly more complex setup, range from
wafer or dedicated 1 DIMM raw card are per interoperability simple embedded application to high-end server
fixture JEDEC design hence I Need to do thorough computing
1 Full electrical, protocol focus is more on validation based on 1 Focus on design margin of the board and compliance
and functional testing performance different functions report
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Technology Refresher

DDR SYSTEM - SIGNAL INTEGRITY LIMITS

» Memory bus
— Source-synchronous bus with single-ended DQ and CA (X-talk, etc.)

— Multidrop bus with connects several DIMMs in parallel (trade density vs. speed)
— High load on CA bus (connects all DRAMs on a DIMM)
» PCB board design
— Transmission lines
— Power supply
— Reference clock
— Isolation from other IPs

The transmission rate doubles from generation to generation.
The voltage level and margins reduce from generation to generation.
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(LP)DDR5 DETAILS




(LP)DDR5 Details

DDR SIGNALS
FUNCTIONAL BLOCK DIAGRAM

Control
logic

RESET n —p—| ————p VrefDQ
. Control - pBC4
CKE —o—— e o
CK_1, CK_c —pO—ro I pcRrC

PAR —pd——|
TEN —p——
csn —wo—
ACT_n —p&——

A[15:0]
BA[1:0]
BG[1:0]

Address

10

=]

=]

=
.....*....

Command decode
RAS_n, CAS_n, WE_n

Mode registers

3 (A12,A10)

3 (A16,A15,A14)

Refresh
counter

Address | 2
register | —

Rohde & Schwarz

Bank 3 aﬂﬁkn;
» To ODT/output d
' ODTloutput drivers Ear Bk
Bank 0 Bank 0
ZacAL To ZQ Control BG3 Bank Group 3
Bank 3 Bank 3
Bank 2 Bank 2
Bank 1 Bank 1
Bank 0 Bank 0
BG2 Bank Group 2
d Bank 3
ank 2 ars
Bank 0
Bank Group 1
Ers
Bank 0 k0 _y
ank Group
18 BGD =
Row-
address Memory
Row- latch array
address and (65,536 x 128 x 64)
MuXx decoder
Sense amplifiers [~
4 8182 B4,
BG 74 o
7 L
EET: 23— OTF
control 1/O gating Global
»|  logic DM mask logic 110 gating
>
16 128
x64
7
Column Column
address decoder
L counter!
latch 3
Columns 0, 1, and 2

parity control Vooa :
za KO :
control .
onT | E——-
control : 2Q
i
CK_LCK ¢ :
- .
DLL .
s
Columns > DQ[7:0] :
0,1,and2 Read 4>
v I_i, aivers |, | DASUDASC L
7 '
READ A Voo :
FIFO [~ Lq . / .
- : /O]
::ta B8 DBI Rrrp SR SR H 0 |C
.
MUX l i N :
CRC :
wite | - = 0
drivers
Cr e and < * DQS t/
input ] « DAS_c
I .
P e Vopa :
H
Data [ :
interface Column 2 :
(BC4 nibble) > .
n h
VrefbQ e
c
S>>

source: Micron — 8gb_ddr4_sdram
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(LP)DDR5 Details

COMMAND TRUTH TABLE

Source: JESD79-5C

Table 30 — Command Truth Table

D D R5 Function AbDrevia- €5 n CA Fins NOTES
—"'"ca0 [ cA1 [ CAz | CA3 | CA4 | CA5 | CAG | CAT | CAB | CA® |CA10]CAT1]|CAdZ| CA13
L] ¢ L | ro| Rt | Re | mRs | =m0 eat |eEeo| Bet | 862 | cino|cit|cio2

Activate ACT Bioan| 11.17.20
H R4 RS RE RT R8 R9 R10 R11 R12 R13 R14 R15 R16 R1T
» All SDRAM commands are defined RFU PR NS N N B N N I I IR AR
H v v v v v v v v v v v v "
by states of command bus RFU U N N S N N I B A I N A
Hl v ] v ]v]v v v v [ v [ v v v [ v v | v

- . L H L L H L H BAD BA1 BGOD BG1 BG2 | CIDO | CID1 | CID2 1. 15,

’ Example DDR5 Write Pattern wRP H c3 | ca | cs | ce c7 cs [ co [cwo| v H H v [Jeig)| 18ie. 20
B L H L L H L H BAD BA1 BGD BG1 BG2 | CIDO | CID1 | CID2

H H Write Pattern w/ 11, 15,

— WRPA N ‘oS
Signals are either command or address Auto Precharge W v [ o] or [ s ] oo | o | oo oo omorsame| v | v [R5
depend|ng on ACT_n RFU REU L H L L H H v v v v v v v v

H v | v | v | v v v v v v v v | v | v v

_ i isi ] ] L] = Ll e |0 L | mrao |MRA1|MRA2 |MRAS| MRA4 |MRAS |MRas|MRAT| v
Actived at the rising edge of the clock Mode Regiser Wate| vy [ || & | L [ C Lo [ s | s RS |usse 7] Vg g

— For Debugg”‘]g Read /W”te Separaﬂon Mode Register Read| MRR L | H L H L H | MRAD |MRAT|MRAZ |MRA3| MRA4 |MRAS |MRAS|MRA7| V | 5o

H L L v | v v v v | v | v v lew | v | v ]| v 20
CS and CA4 are Vel’y useful W WR H L w | = Bif-L | Bap | sai [Bc0 | BE1 | BE2 | Cibo | ciot ooz | L, .
t , 12, 15,
e H J | c3 | ca | cs | g I7 c8 | co |cwo| v Ho WL v [felsl 1920
Write w/Auto Hi L H H BLI=L BAOD BA1 BGO BG1 BG2 | CIDO | CID1 | CID2 812 15
Precharge VLS | c3 | c4 | o5 | o 7 cs | Co | 0 |pprer | AP-L |92 | v [lelBE| 1970
- 3| T Lil Lil i p== 0 BGO | BG CIoU [ CI0T | CIC:
Read RD 1 Lc cs | ca|cs | Ir c: “;‘ c1o \r1 HHH v [ v " i)
@©
Read wiAuto H L w | = Eif=L | Ban | 8a1 [ seo | Be1 | Be2 | cioo | ciot o 15 18 @D
RDA ITA T
Precharge H | ¢ c3 | ca|es | o I c8 | o9 | c0 [poelr lAP-L| v | v = D:
VrefCA Command |VrefCA| L H H L L L (o101} OP1 | OP2 | OP3 | OP4 | OPS | OPG L v
VrefCS Command |VrefCS| L H H L L L OPO | OP1 | OP2 | OP3 | OP4 | OPS | OPE [ H v
Refresh All REFab| L H H L L H cID3 v v ‘;:I?{ WorH L |cioo|cip| cioz2 | 3,23 24
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(LP)DDR5 Details

PRE-/ POSTAMBLE
TIMING VARIABLES - WRITE ... . ccstooonaous remsosu s s rsontrsons s

DDR5-3200 DDRS-2600 DDR5-4000 DDR5-4400 DDR5-4800

. Parameter Symbol Unit Notes
’erte Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
DQStoDQoflset | tRX DASDQ | | 575 [ - | 193¢ | - [1020| - | szs - 850 | psioc | 13
temperature variation _temp
— Preamble: 2/ 3/ 4 tCK
ﬁi;?fﬂ‘;:::‘ ‘R"‘—E"gfm - |4s00| - |sa00| - |4100| - |3moo| - |3z | P 23
. NOTE 1 tRX_DQS2D0Q max delay variation as a function of temperature
- P OStam b I e . O . 5 0 r l . 5 tC K NOTE 2 tRX_DQS2D0Q max delay variation as a function of the DC voltage variation for VDDQ and VDD. It includes the VDDQ

and VDD AC noise impact for frequencies >20MHz and max voltage of 45mVpk-pk from DC -20MHz at a fixed

_ DQS ClOCk tree de | ay. tRX DQSZ DQ NOTE 3 fgmﬂiﬁi;?;&;ﬁ:%zﬁzﬁer measurement VDDQ=VDD iz assumed

CK_t, ol ts te g e bt ts ts ts te b7 kst tio
CK_c BERERERE R , ' , '

—————————om A P i
2 tCK Preamble DQS_L Il[lr|r|r|”l'|"'“l : : I v .I i _' y X 5 i ¥ I'"': I'"': '"'-I r"i'"_ |“|||“|II|I|I|||““|I|IIIIIII I“||||II|I||I|,I “|
w/ 1.5 tCK Postamble DQS ¢ [ Hil ‘i""""ﬂﬂﬂﬂﬂmﬂm e 4 SRS WY S, G S SN | Y | W : i Ll I|||||'| .' “IIJ|I|||I | JlllI
| NNNENNN A
3 tCK Preamble DQS_t, ' ] BERERE RSB R I 0 (i
w/ 1.5 tCK Postamble DQS_c I e
4 tCK Preamble DQS_t, nTTInlrlrlr.:l.l. IIIrlrrlrll.l.'lrlr .”. . 'I”u'.'.'I'A:
w/ 1.5 tCK Postamble DQS ¢ il il ) ,"" i
ot
DaQ L' /] III I|I I|I : JlllllI III i |'[| L ]II IlI |I [ JIlllI I 'l'r|'r]'r]'rjll ]ll IlI i, IIIII f |II |'r|'r|'|;'|;'|;'l il III |I | ]lj

12 Rohde & Schwarz (LP)DDR5 Memory Interface - Signal Integrity Debugging & Compliance Testing



(LP)DDR5 Details

DDR5-4800 SINGLE RANK UDIMM (CRUCIAL)

& E00 myY

soomy  Diagram1: C1 X

300 My

-1|00||'\‘
s -200 n'\||I 'I | (|
':\-Iauu my I"\J’ '\UIr | II )
Clock
=500 mY 238 ns 2
rt Diagram2: C2 X
0005
0015 0 : - , AN TN A /7 [Pbstamble 1
010g: - PP AR / /
011g: .5 TCK -

1005

V16 bits

Diagram3: (3 X

16 bits data
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(LP)DDR5 Details

LPDDRS SIGNALS

» New: Two forwarding Strobe Clock signals:
— WCK: timing reference for WRITE data capture and READ data output
— RDQS: is derived from WCK and timing reference for READ

s /1 L T
A3 A)) A1)
AN AN AN
COmmandl:X Write X DESE{X DES X DES X DES X DES X DES X DESREX DES X Read X @\ES X DES X DES X DES X DES X DES X DES X:l
A) A} A%
WL BLIn_max RU(tWTRICK) RL
WCK_c -

ekt " lwekzoar tWCKZDQo : _‘m
om L2 ///x@’// 008000000000 EREM0E 7. //‘&7/ I Ay 006 8 Do 0 H o0 TaEE T

IRPRE

»4—1i0DQS0 ———

RDQS_t ) A
oS e L L 2 o

DON'T CARE 22 TIME BREAK
source: JESD209-5C
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(LP)DDR5 Details

y—_———

\
T |

ba —|>—|H Interconnect

|
|
' |
| Tx
DFE | 885#:'. :ﬁtl Interconnect
|
-

Host |

» ISl due to reflections is particular concern for DDR5

Pulse R (DRAM Rx)
» 4-tap DFE for data rates >= 2933 MT/s \ " before e equalization
DFE Tap-1| DFETap-2

1X | -60mV +20mV
2X | -30mv +10mV

— Gain amplifier

— DFE summer

. i After DFE equalization
- 4 DQ slicers (tabs) looping back to summer

» Mode Register to define DFE settings for memory controller 20mv Time

1 Vendor specific, consult vendor datasheet

DFE Bias Multiplier
Taps 1-4
\T4 T2 Post Cursor Tap-2

Gain

» Optimal settings are system dependent

—
Adjustment T DO Slicer DQ Slicer
DQ \’_:/ DQ_sum N ouT] N ouT
Rx DFE Sum
VrefDQ LK LK

DQS
DQS# o D05 _BUF X2 " DQSX2_BUF
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(LP)DDRS5 Signal Integrity Debugging

CONTACTING THE DDR INTERFACE
VIAS, INTERPOSERS

» DDR JEDEC compliance focus on SDRAM chip and specifies measurement at package ball
» On single-sided DIMM or PCB, it is still possible to probe behind the package
» For design without access to back of PCB, interposer is required

v
BGA Interposers ¥5_| %gg
. Interposers .
» For interposers we refer to Nexus or EyeKnowHow
Package Balls EdgeProbe™ Direct Attach Target Socketed Logic Compliance Riser Component Socket
x4/x8 78/82 Y(XH) Y(XH) S(XH} Yes Yes
x16 102/106 Y(XH) J(XH) o (XH) Yes Yes
RCD 240 XH| Yes No
Data Buffer 55 XH| Yes No

EXK)—Q-I Eve Know How
EyeKnowHow Interposer

Solder pad for Embedded
scope probe 1298t DRAM SMD resistor Neighbor DRAM
/ / Wing /
- |
"

e

SMD component

SMD component

|
Contacting at the via Interposer solution from EKH DIMM
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(LP)DDRS5 SIGNAL INTEGRITY DEBUGGING

THE POWER OF THE ZONE TRIGGER




(LP)DDRS Signal Integrity Debugging

THE POWER OF ZONE TRIGGER
SIGNAL OVERVIEW

_"u S v I 7>l NOm G > Edge BT R ZBGSaA:qu“SnaI::‘p\e " Im: TLw,:imum@ > S|ng|e Acquisition over a
| longer time scale (e.g. 1us)

» In the example an
amplitude difference for
different bursts at DQ and
DQS is visble
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(LP)DDRS Signal Integrity Debugging

THE POWER OF ZONE TRIGGER
PRE-/ POSTAMBLE

=\ = Trigger Horizontal Acquisition Info 2024-07-01
UV 4 I Pl N @ G > o, Edge Ao  Tns/ NGS5 sample N gy 13607 ®
Histogr.. Measure Annotate FFT  Spectro.. Zone.. Delete Demo v +Zone Stop 2.16 ns 1 kpts

Diagram3: C2 X

» The pre- and postamble
depends on the data rate
and system configuration.

» With the Zone trigger you
easily can focus the
acquisition on Read or
Write bursts

» Focus on short bursts

Diagram2: (3 X

xle _— _ _Jl&

AAAEAMAALA 150 mV/ 200 mV/
} HiH}I"‘J“\.MH‘ 651 mV 8GHz OV 8GHz
UL DCSOQ  ZM160DM | DC-50 0 inv ZM160 DM

Hl'lm
'n‘q‘l”\‘\'u‘\‘”‘['t‘ll\

+ + + +
Math FFT  Bus Ref Gen
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(LP)DDRS Signal Integrity Debugging

THE POWER OF ZONE TRIGGER
PRE-/ POSTAMBLE: WRITE

‘\ k m Ny [:] L) Q N XX > * Trigger Horizontal Acquisition

A: Edge Auto 1ns/ 20 GSa/s Sample IT
Undo Help  Image Autoset Preset Single Zoom Cursor  Mask 12 - +Zone Trg'd  2.16ns 1 kpts

Diagram3: C2 X v ‘ X2 position

2 U A AN B R I IS SRR T
Diagram2: (3 X

» Preamble:

— Pattern 0010 — 2 tCK
» Postamble:

— Pattern O — 0.5tCK

+ + + +
I 150 mv/ 200 mV/ Math FFT  Bus Ref Gen
{1 651 mV 8GHz | OV 8GHz
DCS00  ZM160DM | DC50 Q inv ZM160 DM
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(LP)DDRS Signal Integrity Debugging

THE POWER OF ZONE TRIGGER
ISOLATING WRITES FOR DATA EYES

Trigger
A B > B [ A Edge
Zone.. Delete Ext. FE

» Use Zone Trigger for
Read/ Write burst
separation and respective
eye analysis

o 20240214
Auto ps/ 0 GSa/: p 15:55:03
Trg'd 1.89 ns 1 kpts &

T

" +
[<] ]
{\ A 200 mV/
|
\ WH ov 8GHz | 800 mV 8GHz
DC-50 0 inv ZM160 DM | DC-50 0 ZM160 DM
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(LP)DDRS Signal Integrity Debugging

THE POWER OF ZONE TRIGGER
EYE DIAGRAM - WRITE BURSTS

A T R A A P A RO > Gate focusing on the WRITE

Undo Zoom Cursor  Mask Histogr.. Measure Annotate FFT 12 v +Zone Trg'd 1.83ns 1kpts

Diagram1: C2 X ) 4

1‘ A : S ni o | g » Explicit clock with respective
S vl SR R S S SSes S clock delay

155 .
— Diagram2: Eyel X Explicit clock

1.25¥ Clock source

= Blaw

350 My

Data rate determination
800 my Clock frequency

. Estimate clock frequen:
I 550 mvy quency

I 500 ravEE - Clock muttipler Clock edges
350 mY Either
200 m¥ Eye ] Eye2 Eye3 Eyed
50 my 200 mu 2 400,mu 500, mul 13 1 48GBaud
=k - Enable
Diagram3: (3 X i : ent . on

Clock delay configuration

Estimate clock offset
Source

Gwl

Reference signal

Lo L ' 1 1 Clock / CDR / Protocol Clock settings
X2 1/8X Clock Da:a‘r'a(e =
LR H 4.4 ns 294.99 MHz Clock frequency 2.4 GHz

Clock source Clock multiptier 1
xlo Fyel

Clock edges Either

200 mV/ 150 mV/ source: 3 : Elaw i

C4 Math FFT  Bus  Ref Sampling time 500 mUI

ov 8GHz 800 mV 8 GHz

DC50 Qinv ZM160DM  DC500  ZM160 DM Explicit clock
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(LP)DDRS Signal Integrity Debugging

THE POWER OF ZONE TRIGGER
VERIFY CL/ICWL LATENCY

Horizontal Acquisition

» Use Zone Trigger for R/W
burst separation and
respective eye analysis

» Apply “Persistence Mode”

» Measure Latency on CS
and CA04
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(LP)DDRS5 SIGNAL INTEGRITY DEBUGGING

DDR PROTOCOL DECODE (READ/ WRITE)




(LP)DDRS Signal Integrity Debugging

PROTOCOL DECODE: READ/WRITE

Serup SB1, SB2 SB3 SB4

Advanced EEate

» DDR5 Decode:

— based on CL/CWL and
Preamble

_ DQ, DQS, CA04

4.8 Gbps
DDR Serial Bus Display

Read CAS latency (CL) Read preamble type

ool
Setup SPE 5B2 SB3 SB4 Shortcuts 48 4tCK

Protocol
Advanced o Write CAS latency (CWL) Write preamble type
: 47 21K
Ditplay Variant

Shortcuts DDR5

» LPDDR5 Decode:
— Based on RDQS toggling
- DQ, WCK, RDQS

DDR Thresholds = _ X

DQ threshold DQ hysteresis
cs ] 750 mV 50 mV

 None DQS upper DGS lower DQS hysteresis
250 mV -250 mV 50 mV

CA4 threshold CA4 hysteresis
Find thresholds Set thresholds > 800 mV 50 mV
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(LP)DDRS Signal Integrity Debugging

PROTOCOL DECODE: READ/WRITE
DDR5-4800

Trigger Horizontal Acquisition

e Bomy muo Wl 0Guls Sampe 1 » Read/ Write Decoding
‘ ’ | - Example at 4800 Mbit/s

B0

1
i
bl .‘\JP%—A‘ I e

#_
Y

_ ; : a : ‘ ‘ DDR Decc;de Re..
200 mV/ 200 mW 150 m\.’/ 18 frames

750 mv 8GHz 0V 8GHz 750 mV 8 GHz
DC-50 O ZM160 DM DC-50 0 ZM160 DM DC-50 O ZM160 DM
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(LP)DDRS Signal Integrity Debugging

PROTOCOL DECODE: READ/WRITE
DDR5-4800

& » Decode table
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(LP)DDRS Signal Integrity Debugging

PROTOCOL DECODE: READ/WRITE
DDR5-4800

Trigger Herizontal Acquisition Info

-250 mV  Auto 5 ns/ 20GSafs Sample RT
Stop 0s 1 kpts ‘_15

[y WRITE
By...By...|

DDR Decode Results SB 1 X
State Start Frame Type Word count Details frame 2

1 Ok -2.9 ns Read Frame

2 Ok 4.9 ns Write Frame State

3 0k 15 ns Write Frame

4| Frame Incomplete 19.2 ns Write non-consec

Numeric Formatted
[hex] E3 E3h
[hex] 1C 1Ch

G x[@

200 mV/ 200 mV/

.
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details
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(LP)DDRS Signal Integrity Debugging

PROTOCOL DECODE: READ/WRITE
LPDDRS5-4267

. - Trigger Horizontal Acquisition H M
X w @ Gi age oami Awo ol s sample T » Scaling in to Result
Measure Annotate  FFT Delete Ext.FE  Demo /2 £y 0s 8 kpts _

F Diagramg: C1,581 X [ ] : ‘ : : I ‘ 'l d etai | S
i 1
1

F
%

b

DDR Decode Results SB1 X

State Start Frame Type Word count Details frame 1
23

31.875 ns Write Frame
State Numeric|  Formatted

1 Ok [hex] 00 00h
Ok 0.00i

+ +
100 mV/ 100 mv/ 200 mV/ LPDDR5 Sl
232 mV 8GHz 0V 8GHz TmV 8 GHz
DC50 0 ZMIGOP DC500  ZM160DM  DC500Q  ZM160 DM
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(LP)DRS SIGNAL INTEGRITY DEBUGGING

DDR EYE




(LP)DDRS Signal Integrity Debugging

DATA EYE ANALYSIS
BASED ON DDR PROTOCOL DECODE

» DDR Data Eye:

— DDR protocol as timing
reference

Eye Analysis

Setup Eye1 Eye2 Eye3 Eye4

Enable
Scale

Display

— Use the power of the
Advanced Eye function

" Reference levels L
Qualify

Reference signal

Filter Clock / CDR / Protocol Protocol settings

Type DDR
Bit rate 4.8 GBaud
Source Variant DDR5

Protocol

— Filter to distinguish Read
and Write Eyes

Measurements

SerBus1 Eye Analysis

Setup Eye1 Eye2 Eye3 Eye4

Enable
On

Serial Bus
Scale

< Signal Configuration

Display Protocol filter settings
Advanced

9 Frame Type
Slices per acquistion (Upper limit) Qualify T
rite Frame

L Filter

Errors

Measurements | |ength error

Off
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(LP)DDRS Signal Integrity Debugging

DATA EYE ANALYSIS
BASED ON DDR PROTOCOL DECODE: DDR5-4800

Trigger Herizontal Acquisition Info R E D & W R I T E D d
Edge -250mV Auto 4 ps/ 20GSafs  Sample RT ﬂﬂ > M Q ata
Stop 0s 800 kpts _

i

.. S

WRITE

e
L A

125 mW 200 mV/ Source: C2 Source: C2

Tref: SB1 Tref: SB1
750 mV 8GHz 0V 8 GHz Range: 417 ps Range: 417 ps
DC500  ZM160DM  DC500  ZM160 DM Ofiset: 0s Offset: 0s
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(LP)DDRS Signal Integrity Debugging

DATA EYE ANALYSIS
BASED ON DDR PROTOCOL DECODE DDR5-4800

m ETWIES > READ & WRITE DQ data
' and DQS strobe clock
@@ eyes

WRITE - DQ

%
v
S

125 mV/

750 mV 8GHz 0OV 8 GHz ange: s Range: 2 Ul
DC500  ZMIGODM DC500  ZM160 DM set: Os Offset: -500 m!
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(LP)DDRS Signal Integrity Debugging

DATA EYE ANALYSIS
BASED ON DDR PROTOCOL DECODE: LPDDR5-4267

~ = § Trigger Horizontal Acquisition Info
y din m b q’ > R Edge 204mV Auto  Sps/ 20GSa/s  Sample RT ﬂ)
v £ Stop 0s 1 Mpts _

» WRITE DQ data

otate  FFT Delete Ext. FE Demo

100 mV/ e 200wV LPDDRS rames

250 mv 8 GHz ov 8 GHz
DC-50 0 ZM160 P DC500  ZM160 DM
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COMPLIANCE TESTING




Compliance Test

DDRS - SCOPESUITE

» DDRS5 Tile

» Select Type
- DDR5
- LPDDR5
— LPDDR5X

» Select Speed:

- JEDEC speed
grade or

— Custom

36 Rohde & Schwarz

R&S ScopeSuite

Settings

Oscilloscope
Instruments
‘

Report

Compliance Tests

5o
ol

Ethernet 1000BASE-T1

e
Bk

Ethernet 2.5/5/10G  MGBASE-T1

fie

T0BASE-T1

ke

T00BASE-T1

Welcome to compliance tests selection screen.

USB3.2-RX

- O %

225 Tieview (@) About @ Help

R&S ScopeSuite

@ Bk Compliance Tests DDRS

DDR5-DIMM-4800 4/23/2025 3:47:30 PM Type in your comment.

(LP)DDR5 Memory Interface - Signal Integrity Debugging & Compliance Testing

4 Add @ Open [fj Remove Byl Rename E Commen t [y ShowReport

Add new or open existing session to run.

Select Type

(® DDR5 () LPDDRS () LPDDRSX
Select Speed

(03200 (3600 (4000 ()4400 (@ 4800 () 5200 ()s600 () 6000 () 6400 () 6800 ()
Session Name Last Accessed ‘Comment

© rbout @ Hep

() Custom




Compliance Test

DDRS - SCOPESUITE
PROBE SETUP

» New flexibility for Signal-to-
Probe configuration:

- use single-ended mode to
connect to two DQ or CA
signals

— use diff mode for connecting

to se signals

-
» Probe labels for S0 A

DQo7_A

- CLK, DQ, DQS, CS Qe A

. DQO9_A
and CA signals baioa
DQ11_A
DQ12_A
DQ13_A
DQ14_A
DQ15_A
DQ16_A
DQ17_A
DQ18_A

37 Rohde & Schwarz

R&S ScopeSuite

e Back

Session DDRS5-DIMM-4800

- Al

OOooooioooo

oo

Ready to run.

4 Timings Tests
a Write
¥ Strobe Timing (4.4.3)

a CAJCS/CK

¥ Command Address Timing (8.2)

v
¥ Clock Timing (8.3.2)
& Levels Tests

a Input Levels

w Differential Input Slew Rate for CK (8.5.3)

w Differential Input Slew Rate for DQS (8.9.4)

-
-

4 Overshoot/Undershoot

¥ AC Overshoot & Undershoot for CK
¥ AC Overshoot & Undershoot for DQ
¥ AC Overshoot & Undershoot for DQS

¥ AC Overshoot & Undershoot for CA

v

Probes

Channel 1

Channel 2

N
GND

Channel 3

[, showReport () About
Properties  Limit Manager Results Report Config

. ‘CK_t h ‘ |CKOOJ,A v ‘

% N ok v |[exooca  ~]
GND Connected

, ‘DQ h ‘ |DQOO,A v ‘

6nd 1] -]
|| Connected

, ‘DQS_t v ‘ |DQSOU_T_A - ‘

$ ) ‘DQSJ:
GND

Channel 4

$ ) ‘Gnd
GND

v ‘ | DQS00_C_A

|| Connected

‘CA
p

v ‘ | CADO0_A

"|

[ ] Connected

B Apply To All

o x

e Help
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Compliance Test

DDRS - SCOPESUITE
PROPERTIES

» Flexible Read / Write separation
- DQ-DQS Phase
- DQS Amplitude
- DQS Preamble Pattern
- DQS Preamble Polarity

38 Rohde & Schwarz

R&S ScopeSuite

@ Back

Session DDR5-DIMM-4800

a Al

I A g R A Y R

googg

Ready to run.

a Timings Tests
a Write
¥ Strobe Timing (4.4.3)
a CA/CS/CK
v Command Address Timing (8.2)
-
w Clock Timing (8.3.2)
4 Levels Tests
a Input Levels

 Differential Input Slew Rate for CK (8.5.3)

w Differential Input Slew Rate for DQS (8.9.4)

-
-

a Overshoot/Undershoot
¥ AC Overshoot & Undershoot for CK
¥ AC Overshoot & Undershoot for DQ
¥ AC Overshoot & Undershoot for DQS

¥ AC Overshoot & Undershoot for CA

- 0O x

[, Show Report © oot @ Hep

Probes Properties | Limit Manager = Results

Threshold Settings

Vdd | 1.1 \
Vss | O v
Hysteresis | 7.5 %

Report Config

Read/Write Bursts Separation Settings

Expected Burst Type | Both

I

Burst Separation Method \/: DQ-DAS Phase

/| DQSs Amble Mode

; Advanced

[ ] pas Amplitude

DQS Preamble Polarity

Min Phase for Read | -20 Degree
Max Phase for Read | 20 Degree
Min Phase for Write | 70 Degree
Max Phase for Write | 110 Degree

Write Preamble Mode | 2 [0010] v [tCK

Write Postamble Mode | 0.5 [0] ¥ |[tCK

Read Preamble Mode | 1 [10] v | tCK

Read Postamble Mode | 0.5 [0] ¥ |[tCK
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Compliance Test

DDRS5 - SCOPESUITE
RESULTS DDR5-4800

R&S ScopeSuite y - O x

@ Back  Session DDR5_Kingston_5600_Speed4800 [, ShowReport @) About @ Help
» Results per test item within the O em e e
. . . (| 4 Timings Tests
ScopeSuite application (= e Bk el Gormert_ Omrptn
A Write
U [ vevw 1 (I 171
Oe v Strobe Timing (4.4.3) O
H Telvw 1 v 171
A 4
» Detailed Report O - ov T T T
W x ¥ Command Address Timing (8.2} D TlPW 1 8 v o/1
- T M T =
¥ Clock Timing (83.2) R M e Moesn s st bt vme e
DDRS Test Report DORS Test Report e S wAw e mon ose somw me n
4 Levels Tests I Y v A i -
N— } - T B R
PNPREZ (1CKfag]| min ¥ Differential Input Slew Rate for DQS (8.9.4) a8
RS BT M v R T
) [ — & Overshoot/Undershoot []  SsRNcvw T @
g et ¥ AC Overshoot & Undershoot for CK
- fest Single elete Checl
P TestSingl 3 Delete Checked
-ommand Address Timing (8.2) finished.
[ TSR

= =

T [EEEEY
[Comment |

PapBorn resen

Page 17024 1025204
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SUMMARY




SUMMARY

The need for memory
continuously increases

Data rates are increasing,
voltage levels decreasing

RTP’s 16 GHz covers DDR5

The RTP can address Sl
debugging with Zone Trigger
and Advanced Eye

R&S addresses compliance
testing with dedicated
options for DDR5 and
LPDDR5




www.rohde-schwarz.com/rtp
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