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Advancing beyond
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Advancing beyond

8K (7690 x 4320)

4K/120Hz

ERET

BZEBPEELERARE AR
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Advancing beyond

i\

AR fHE R P+ EE+ - E 0

USB# [ HAIELMEIFISMNTRANG —, HEEREENHEE
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| B A T d BT RTEL: APED (USB Znritsu
)

USBSZHFHILIHE USB#z [ 5L

® ) DisplayPort FOR DEVELOPERS ONLY:
- €2 trunogrsour. 2 pisplay USB Protocol Speed” | ProductLogo® | Porticon® | Cablelcon® | | hrner | The Techmca
i p ons
Protocols PCIS> W ™
- EXPRESS - USBG?;? Low-Speed USB (1.5 Mbps) R o—
{January 1996)

— ) Full-Speed USB (12 Mbps)

More
{April 2000)

o~
[ g~ 40Gbys =y
Ny Speed 40Gb/z Fast Connection High-Speed USB (480 Mbps)
= _-E SUDEFSPEE‘d use SGbps Ss%!ip. 56&5 USB3.0 ?Nsii;::::;:}!;;alﬁun

More Dual 4K SuperSpeed USB 10Gbps . Us ssal UsB3.1 “Lffl‘;;;f;]“"““‘““ 4
Pixels g = : ?
‘ one 8K Display SuperSpeed USB 20Gbps ssar (203 WBELY |

L - USB 2.0

USB 2.0 Specification

USB 4.0 Specification,
Ver 1.0 (August 2019)

" UsB4®20Gbps | (USB 20 (20505
ore

100W charging Data, video and power & "("sa' 4 [ f
Power 15 W Device on the same cable R (\ '40&;” 0z e v

USB4® Bl‘JGbps @Soum (Eﬂm (80@_4»: USB 4.0 Specification,

Ver 2.0 (October 2022)

USBHZIAMEAHSZFFUSBRY R, 1 H AT LA T (FHL) Kk, USB3IHEANZEEMN,
E%E%T#DP\TBT\PCRTJJ@S&, LI B 22 25 TARPE S AR A, Ry e F LRI -
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| BHLHEEB DY RFRA: B 7 5 Camera MIPI Anritsu

MIPLEREAE SC 7 —ER 0, U shid N R LNt Gok Wwonhes By SPIEE 1S hniEfe
, MBI RGN, FIFERRA. Bl E 20 TEIEML,

MIPI Multimedia Specifications

Multimedia

Camera Display Storage Audio/Voic
CSI SLIMbus Sou

uonedddy

A
ESD), e
Specification

O .
C51-2
: ; _ : Csl-3
% : I_E B amera Camer
Framework : O ‘ ntro e Display
\l'<li §' r Interface nter ace I
“» g
|

1 Chip-to-Chip
Inter Process
Communications

|e21sAyd

Jafeq

WITPT (Wbl Todeslry Processon Tofirfnce)

EZBPERERASEW AR 1"
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Advancing beyond

I@ﬁ%%ﬁﬁﬁﬂ%%ﬁﬁﬂtiﬁﬁammeI /inritsu

DSI: Display Serial Interface, EX (MU TABESAML REHZ O EHEETED
CSI: Camera Serial Interface, EX M TAEHZMEFEEHZ B ERETHED
DCS: Display Command Set, —/MrENHG4E, AT H4AEAW I EH,

SoC RS
CSl-2#&0 CSI-2#0
Ske K=={D-PHYK o-PHYK— 32
T PP PPI
ElfRAb S
CIZE] ~
I RREH
E%% —— 1D-PHY AD-PHYE—> Dﬁﬁgﬂf H¥EFE  1440x3360,1600%2560
PPI PPI FRI%E  60Hz
DSi#ED DSI#0 O ZSMIPI DPHY v1.2; MIPI CPHY
fg 3200

BTE LTPS OLED

BZREPELERRG WA 12
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Advancing beyond

MIPI-DPHY 4 & 1,

Feature

Board Adoption 4Q09 40Q11 3Q14 116 1Q17 3Q19
Symbol Rate Standard Channel 1 1.5 2.5 4.5 4.5 4.5 9
(" EN M Short Channel 6.5 6.5 11
Basic De-emphasis v v v v
Increased Calibration v v v v v
Symbol Rate Additional Ul Jitter (RCLK jitter) specs v v v v v v
Rx Equalization v

v4.0 EC
(Tentative)

Feature : v3.5 EC
(Optional)

Board Adoption 3Q21

Symbol Rate 9

(Gbps/tane) Standard Channel 9 9 Bands B1, B2, B3, B4 TBD
Short Channel 11 11 Same as above TBD
Basic De-emphasis v v v v

Increased Calibration v v v i

Symbol Rate Additional Ul Jitter (RCLK jitter) specs v v v v

Rx Equalization v v v v

MIPI Dphy V4. 089 #3e & X, B HE O BHE E 7 1£18 to 20 Gbps.

ANRITSU CORPORATION FEo-RPEREERARASEIAS 1
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Advancing beyond

MIPI-CPHY Y 3& 1,

Category Feature
Board Adoption 4014 1Q1e6 1Q17 3Q19 3Q21 ~1Q23
Symbol Rate Standard Channel, Gsps (Gbps) - 2.8(6.4) 35(8.0) 6(13.7) 6(13.7) ~5(17.8)
(Gsps/Lane) Short Channel, Gsps (Gbps) - 3.0(6.9) 4.5(10.3) 8(18.3) 8(18.3) ~7(24.9)
Basic Pre-emphasis v v v v

Increased Advanced TxEQ, Calibration Additional Ul (RCLK) Jitter specs v v v
Symbol Rate Rx Equalization v v
Multi-phase 18-state coding (3.556 coding factor)

NSNS

ANRITSU CORPORATION FB=RPEEERARSEAS
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Advancing beyond

LO

CPU registers hold words retrieved from
"~ cache memory

L1

L1 cache hold cache lines retrieved from L2
[~ cache memory

UFS

| L2 cache hold cache lines retrieved from L3
cache memory

L3

L3 cache hold cache lines retrieved from

. M l UI C
__ Main memory hold disk blocks retrieved from e

Local disks

L4

‘ Local disks hold disk blocks retrieved from
"_ Remote network server

L6

UFS ik GEimses TR EAEES Max. total bandwidth M-PHY [ i 4

1.1 300 MB/s 1 300 MB/s
. 3
2.1 600 MB/s 1200 MB/s
2.2
B 2
1450 MB/s 2900 MB/s 4.1

4 2900 MB/s 5800 MB/s 5

ANRITSU CORPORATION BZBHPERERRG AR 15



| 5043k Tk T W RHMA: %4 0-LPDDR Ainritsu

« JEDEC, £#4 “Joint Electron Device Engineering Council” , FEZEARMhE, H—M2EREHHA
* FTEHIDDRiR#E. LPDDRiR#E. GDDRARHE, MNFERATRHER]Z H] EDECF /R JC-42 Solid State
Memories TA/EH & o

LPDDR5 42 [ 1A 51]6400Mb /s, LPDDR5X [ 2] 34 % 1A £18533Mb/s, LPDDR5TH 22 [ 3% 1A% 9600Mb /s,

ANRITSU CORPORATION BZEHPERERARS VKRS 16
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Advancing beyond

LPDDRSX

LPDDR2

2009 2012 2014 2016 2019 2021 LPe

PR E RS DRGSR LTt
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Advancing beyond

Parallel e
Data Serial
S _ T———
> GEFR

Parallel
Data

Jitter and Noise

W\ R T 5 5 e AL 2
B R KR, WD AR B A
WO ey R B B W PAM

ANRITSU CORPORATION BZBHPERERRG AR 18
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Advancing beyond

: \ v o A L N . .
m|pla”ianC629 N %Elﬁ_ﬁ.—km*mﬂ‘, %D&ﬁ%ﬁﬂﬂ%ﬂﬁ

W5 [IROR S A Sh 2 Ak B e py — o
— —
JeDEC.
Global Standards for the Microelectronics Industry . AI %II ﬁ[% E]/‘J gB:zj:pl%‘ % I /\—\Uﬁ\% D E[/\] Z%A }%

UsSB

Enabling Connections ™

ANRITSU CORPORATION FB=RPEEERARSEAS
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MSOCIH

SoC (System on Chip)

PHY/Controller
contains PLL, DLL,
internal Tx/Rx and

delay buffers

Application
Processor

Memory “ Memory
PHY
Controller

JERF , LPDDRE—/ [, A L

Zinritsu

Advancing beyond

Specs defined
by JEDEC

TR E, LPDDRIE fEHYHLZLPDDR SDRAM

ANRITSU CORPORATION

5= RARELERARS I AS 21



| LPDDR5E 44,7 Anritsu

Advancing beyond

m LPDDR3 LPDDR4x LPDDRS5

Max Data Rate (Mbps) 2133 4266 6400
VDD2 1.2V 1.1V Variable (1.05/0.9V)
VDDQ 1.2V 0.eV Variable (0.5V/0.3V)
Channel Count 1 2 2
Array Pre-fetch x8 X16 X16 / x32
Clocking CK, DQS CK, DQS CK, WCK, RDQS
WCK to CK ratio NA NA 4:1 or 2:1
Voltage Swing ~450mV ~360mV ~250mV
CA Bus Rate DDR SDR DDR
CA Pins 10 (CAO - CA9) 6 (CAO — CA5) 7 (CAO — CAb)
Data Copy Feature No No Yes
Frequency Set Point Not supported Supported (2 sets) Supported (3 sets)
DRAM Rx Equalization No No 1-tap DFE (optional)
Deep Sleep Mode No No Yes
D) R IMESS N/A Rectangﬁlsér mask Hexagc\)(izﬂ mask

ANRITSU CORPORATION FEZEPEEEFRARES RS
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Advancing beyond

LPDDRSX Controller in SoC LPDDRSX PHY in SoC ' LPDDRSX Device

CK
OFl Interface
BAAM Data
WCK Damain
DDR PHY (SOC) LPDDRS SDRAM
LPDDRS: —
*Separate clocks for CA and Data bus. — D
*CLK (for CA), WCK (for WR Data) and RDQS (for Read Data) o 3200 MHz v
*Synchronization required between CLK and WCK —— >
*CLK:WCK -> 1:2 or 1:4 (CLK = Max 800 MHz) R00s s ZOMHe
*CLK/WCK/RDQ —Unidirectional <
*CA bus is DDR, Data bus is DDR Bt

1600 Mbps (DDR)
- | Unidirectional >
14 Rx

ANRITSU CORPORATION BZBHPERERRG AR 23
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Advancing beyond

I HERREETT, SSh TZR8RT, F5 R SRIR KBk, Laehy sy OAREIE T RIS 5

oooooooooooo
oooooooo

20 HEMRTE, (555 N ER Bk RS, LPDDRSXRSULIRI T hNE, Wt e T
5065, DDRSAETxi T E & R, T PR — SR, ASRLPDDRS/5X 27
EEEA .

3. B EEHAR, WERE SR AR BIRME, DDREIIIRE 4 7 Interposer 7 2
[

i

Nterpose
Channel

ANRITSU CORPORATION FZEPERERAS AR 24
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Advancing beyond

® (ML AT A A LAY Access Schedulling
sedsE

[ FPR I ER 2 A I RER

(=

Protocoal Interaction

® i1/ OMIPHY /Controller §EA% 1FHffi 1) A 35 2

° _ S e s o
FL4E: voltageilliz, timingli, jitter JIEE. Training Procedures

J

Memory Cell O EPESES | R FUATERSS , B FDRAMI 7Rk
® IR R FII S A

® FhETAGIEFEIEEZAT, FFERZINGHLRE, i
CmdAddr training, write leveling, write training, read trainingZ

® S R AT I A AL

® (R AN Bl EE B, EZMEAPHY/Controller,

1/0 Electrical

ANRITSU CORPORATION FEZEPEELEFRARESWAKES
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Advancing beyond

K UEY 2 WA 2 8 \
i EJEDECH RIS Y 2 — 25 s — B 5
R, BT B

SRR S Yo T & P 25 2 25

JEDECHIYEE LHYER
RAERTx

Tx Rx

ANRITSU CORPORATION F=RPERERAS I AS 26



I DDRS%?ﬁé&%D tI:@ f%)%l#%ilr% ‘MH I‘it E]/\J ?_"l%j@f‘ DDRS5 — DIMM Based Setup

«  SOC FIDRAM/RCD/DB R B2 (=

« DDRIZE ARG

« fHiFHDRAM | [H1YSI Interposerfg A5 5

o SRHERPTHRE O R

o [FHNEE R N2 E T Tl Clock jitter, Read/Write timing
parameters, Data/CA eyes5FH I 240,

« FWASOCHI ARG IHIE, LT PCIelfit.

* JEDECE X T tnifEfkH - CTC2 %DPTF W

o EIAR_EHISMAE RS TS AR UG 5

o R K& HDRAM/BuffersXf WM E ., EREIA|E]

« JFEJEDECE Y HDQS/DQ WML E RGUE, TR K H A2

ANRITSU CORPORATION BZEPERERARSWKRE 27



| DDR5 &S AW E SN E R

* SOC (Controller/PHY/I10)

DRAM/RCD/DB Compliance

System Level Tx:
* Maeasure JEDEC defined electrical and timing parameters:
e Clock Jitter
* Read timing parameters
*  Write timing parameters
* Data Eye
* VILH
* Slew Rate etc
* Perform above timing measurements by changing internal
parameters in Controller/PHY or 10 like delay, PU/PD drive
strength, ODT, pre-emphasis, etc.
* DFE analysis and characterization.

SOC DDR PHY:

* Measure skew between all DQS and it’s corresponding DQ
edges within a bursts or continuous signals.

* Validate and debug training sequences

DRAM TX:
1. Tx DQS Jitter: Measure Rj and Dj for N-Ul
2. Tx DQ Jitter: Measure Rj and Dj for N-Ul and DQS-DQ skew (Tx_DQS2DQ)

3. Tx DQ Stressed Eye: Measure EH and EW specified with a skew between
DQ and DQS of NUI.

Zinritsu

Advancing beyond

DRAM RX:
1. Rx DQS Voltage Sensitivity

* Measure BER Bathtub opening while decreasing DQS voltage
amplitude in the absence of ISI, jitter (Rj, Dj, DCD) and crosstalk
noise.

2. Rx DQS litter Sensitivity Test
* Measure BER Bathtub opening while increasing DCD and/or R;j.
3. Rx DQ Voltage Sensitivity

* Measure BER Bathtub opening while decreasing DQS voltage

SOC DDR Rx:
* Internal test plan - not governed by JEDEC.
* Expect similar test case as DRAM Rx.

amplitude
4. Rx Stressed Eye Tests

* Measure BER Bathtub opening while using test signal with known
jitter stress cocktail and post-equalization opening

ANRITSU CORPORATION

BZREPELERRG WA



Advancing beyond

| BBILIRLPDDRS/ SX BRI A Anritsu

KPR AR 2

i EJEDECH TS YR 2 — S 58 s — B G
BOR, BFER A
o IR

Stk B A B <2 A5 A2

B o
ARAHTx

BZBHPERERRG AR 29
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I ¥ 5 20 LPDDRSSG T E - HIZRE . Probing with Interposer /nritsu

Advancing beyond

e Interposerf{{]JFHFE

Probing Probing
here . here

@ ® ® O

Embeded Resistors

Embedded resistor provides isolation of the probe loading and the Ilive signal

ANRITSU CORPORATION BZEHPERERARS VKRS 30



I LPDDR5IG U E S HIFREL:  Probing with Interposer /inritsu

Advancing beyond

Direct attach interposer Interposer

UFOLAAVRE

RECHARGEABLE LIHON BATTERY

Probe

ANRITSU CORPORATION FB=RPEEERARSEAS



I % 5N 2 m LPDDRSK I E 5 B3R EL : Socket /inritsu

Advancing beyond

Synopsys LPDDRSX Test Chip Demo Operating at aBlazing 8533 Mbpsi|'Synopsys .«

'

ANRITSU CORPORATION FB=RPEEERARSEAS
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Advancing beyond

HARDWARE
& 4 o
e \'8‘1‘\& / 099\
{“:} o\"’q g'/ 00‘0
il
— 0 SMA Adapter Best-in-Class
Browser Solder-in Tips
DPOJET SDLA
DDR5 TEKEXPRESS
SOFTWARE — s | P

> Socket |»{ Interposer |-»[Memory 120 0]

/

=TSl

[cPu 34 o[ Traces |»[Memory 120 0]

Simulation Circuit

ANRITSU CORPORATION =) FEEEFRARASE AR 33



¥ 5283w LPDDR5/ 5X {5 5 ) 734

LPDDRSJ IR 734

VOH ~ 0.25V
VOL ~ 0V

IDLE(Pulled High) twckpre_static

16tWCK

79 100.0mV/div
£ 200.0mV 2.0ps I 13,0695
(1™ 100.0mV 8.27us 8.29ys

£ 200.0mV 8.27us 8.29us ”|5.051GH1

ANRITSU CORPORATION

00 82306 | @M32Ts |

BtWCK
1010101010101010

123456789 11 43 15

1012 14 16

A 10 12 14 16
3 e
123456789 | 45 oo

WCKPRE toggle  Valid Das burst twekpsT |DLE(Pulled High)

Position 0 7.5tWCK 2.5tWCK

|| 20psidiv 50.068/s  20.0psipt
Single Seq 1

1 acqs RL:1.0M
Man  November 21,2018 09:30:

T / 160.0mV

Zinritsu

Advancing beyond

LPDDR5/5X Txf] H sk

Gew)

/. TekExpress DDR Tx - (Untitled)*

@ DuT

"% Test Selection

3 | Acquisitions

4 | Configuration

5 | Preferences

» Acquire live waveforms f_ User Defined Acguisition

Use pre-recorded waveform files

DUTID |DUTOO1 | @

Devics {LPDDR5

Pause

Device Profile

Data Rate WCK.CK
3200 Y | uTis 41 v
WCK Frequency

Clock Frequency
1600 [T T
Burst Detection Method

Read Write Bursts v @

Signal Probe Type

Clock WCKIRDQS
Differential | T Differential if

Voltage Settings @

Filter Files Path
TriMode Probe Setup @ _Disabte

] Gaw)

BZEHPERERARS VKRS
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Advancing beyond

VEDEL ) Eltriaaly and Temin [V |ensmecmeity

\ A~ N 1< D Ed ! ‘/ VW / A
(LQCK WHITE ULOCA (WA
DAV VAN
Test Group Test Name Description Test Group Tt Namne Description
tCK(avg) Average clock period tWCK(avg) Average Write Clock period
tCK(abs) Absolute clock period tWCK(abs) Absolute Write Clock period
; ; tWCKH(avg) Average High pulse width
tCH(avg) Average High pulse width tWCKL(avg) Average Low pulse width
tCL(avg) Average Low pulse width tWCKH (abs) Absolute High Write Clock pulse width
Clock Tests tCH(abs) Absolute High clock pulse width Write Clock Tests HWEKL(sbs) : AbSOIUt? Low Wr'jce Clock pilse width :
Hiit(Ce Maximum Write Clock Jitter between consecutive
tCL(abs) Absolute Low clock pulse width JIHEC) cycles
. Maximum Clock Jitter between consecutive tjit(per) Write Clock period jitter
tjit(CC) cycles tERR(2per) Cumulative error across 2 cycles
tERR(3per) Cumulative error across 3 cycles
tjit(per) Clock period jitter tERR(4per) Cumulative error across 4 cycles

VOLTAGE LROSSOVER

Test Group Test Name Description
VIX_CK_Ratio Clock Differential input crosspoint voltage ratio
VIX
VIX_WCK_Ratio WCK Differential input crosspoint voltage ratio

ANRITSU CORPORATION
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%343R LPDDR5 Tx KRR MR H

VEDEL Eletranty sad Tominay [V Jmsrremeily

Zinritsu

Advancing beyond

Test Group Test Name Description
tCSIVW1 CS Rx mask width at VrefCS
. tCSIVW?2 CS Rx mask width at vCSIVW
X
i vCSIVW CS Rx mask height P, o
Specification VST L 98 MO TN /A
8 tCSIPW CS Rx pulse width WYITE b YEAD TINING
vCSIHL_AC CS Rx pulse amplitude
tCIVW1 CA Rx mask width at TBD o
tCIVW2 CA Rx mask width at vCIVW festGroup feat Hame Bescription
CA Rx vCIVW CA Rx mask height tDIVW1 DQ Rx mask width margin at TBD
Specification tCIPW CA Rx pulse width tDIVW?2 DQ Rx mask width margin at vDIVW
VCIHL_AC CA Rx pulse amplitude DQ Rx \.Iolitage and vDIVW DQ Rx mask hE|ght. margin
tCA2CA CA to CA ofiset 'I:lmmg tDIPW DQ Bx pulse width
[Write Burst] tDIHL DQ Rx pulse width above/below vDIVW
VDIHL_AC DQ Rx pulse amplitude
tWCK2DQ|_HF DQ to WCK input offset
RDQS Timing Parameters TRERE BEAT prcanic
8 tRPST READ postamble
[Read Burst]
tDASQ, RDQS-DQ skew
tQSH - Read RDQS_t, RDQS_c differential output high time
Delta CK and DQS = o : P g =
wpr tQSL - Read RDQS_t, RDQS_c differential output low time
specification =
tWCK2CK - Write WCK to CK phase offset
Read DQ Eye tQW DQ Read eye

BZREPELERRG WA
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ANRITSU CORPORATION

Zinritsu

Advancing beyond

LPDDRS5/5X sl — 504 :

Wi (ar s H) Sk XSRS P OCRI =y, Wik H s
i {395 /E JEDECHYAYEZER , - [R] I AT LAZMAfr 4k 5 | i
R EE IR IS 3 o

B FMLHIAR S B B Zh b e A FsE i B gt A o

BZREPELERRG WA
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Advancing beyond

DDR5Fr T & R0 W R Z 4, 43 W7 BUR #F 4T Tx/Rx 34T — BB
MK, *#TLPDDR5/5XDL K K &k B & M AHLPDDR, £ F B4 EE A
— B AR

% #kDDR5FLPDDR5 ) TAE IR T, Pt oy Mkt o T, {23k
RGBT L RT AT R TN R RE £ iy KTk

E=RPEEDERAS MRS | 38



| HIDDRSHDRAMK—HC i A LPDDRAK 1l Anritsu
DDR5 Rx & J7illliz

* Rx JESJIREIRHE

* Rx [ IHRM

RX DUT (DDR5 DIMM or
SOC memory controller)

Anritsu[lJ ALY MP1900AEE [k Tektronix [ 7 I 283547 1 711 *  AnritsulJIR IS MP1900A FEALZESEDQS+/-, FIDQ F)

{5 mﬁEl’J H B A e DUT (DIMM B A {7l )
TR IS A5 *  DUT BR[A2 B(Vs DQ 2 ERAD IR I g 21 7R A

Tx/Rx{ Y EL R B —BUE % T LPDDRAE M I E R/ HE 5 e BRI thiF 2 —FitE, REGERRE
LAK SSHUERL B R U= K — REHI Pk X

ANRITSU CORPORATION BZBHPERERRG AR 39
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Zinritsu

Advancing beyond

[
Ve
e

— FEEMI. AIRIRR, B2 shZmhy e D AWl Re. S, (R,
P PR AEASR L b T AR

—_—

—.. DDRSJIAA G5t b & 2%, (HLPDDRSH 28 [0 LANAT RIBR S, (55 3R B I 5
EZEREETE Sus &

—_—

= LPDDRSAMHEE It 52 B0 H B8k, AR A BRI T Tx/ R B — 2
BN

g hnsl 2 Il":“ F g i == :
E‘" i B0 'i

F%‘zi% H ﬁi a‘iﬂiz'i)%%\ii
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Advancing beyond




