B Tips & Solution Seminar :

SerDes/DDR Memory Tips & Solutions
“Gen5,6= SerDes 2t Memory Ch. 243 % %|X3s} A| 80| M, 5 7|H”

Huwini \NSYS | .5

HEY, sijeung@huwin.co.kr, 010-3381-1417

2022. 6. 24




SerDes/DDR Memory Tips & Solutions

B Contents :

5 Generation

ANSYS Electronics 0|28t 3D EM Z2Hlg / 24

Huwin ACVS 0|&8t Channel 43S




I SerDes/DDR Memory Tips & Solutions

DQo

B 5Generation : ~50GHz -)> Expected to implement equalization ban
» PCle Gen6, USB4, 100G per-lane Ethernet and OIF/CEl paz

» DDR5, GDDRo, C-PHY pas

SimX  oass M
New simulation techniques required pase

DQ4

» Statistical analysis to predict behavior over millions of bits

DQ5

» |IBIS-AMI can be used to model the equalization oas
DQ7
Forwarded clock problem

T I— » Timing and voltage margins are specified at an extremely low BER(1E-16)
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1.0~11 20034 2004 8b/ii0b  25GT/s 250MB/ls  500MB/s 1 GBis 2 GBls 4G8is S N —— I_ B i ™ CEM connector | |
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4D _ _20I7dSE _ 2018 12801300 _16CTis 1969GBjs 394CPs | L88GPis  1573GBls. 315108 i Basetioard . AR /
I : AC Coupling v Connector/Baseboard interface /'
5.0 20194 58 20204 128b/130b 32 GT/s 3.938GB/s 7.88GB/s 1575GB/s 31.51GB/s 63 GB/s 1 Capacitor i \(sirnulation reference plane)/
1 ~ -~
6.0 20214 0|3 o 128b/130b 64 GT/s 8 GB/s 16 GB/s 32 GB/s 64 GB/s 128 GB/s ~ e = ™
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* J-EXH Y. L. (Nvidia), Y. H. (Amphenol), “PCle Gen. 5 CEM Connector and Add-In Card PCB Design Optimizations”’, DesignCon 2019
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H 3D EM Modeling :

Ansys HFSS HPC: Two+ Decades of Innovations

1990 HFSS v1.0
- Automatic adaptive meshing
- Gold standard accuracy and reliability

1999 HFSS v7
- Matrix multi-processing

2005 HFSS v10

- Spectral Decomposition Method (SDM), for parallel
frequency points

- Distributed Solve Option (DSQ), for parallel design
points

2007 HFSS v11

- lterative matrix solver

2012 HFSS v14
Finite Antenna Array DDM
Hybrid FEM-MoM solver
HFSS-IE Physical Optics (PO) asymptotic solver

2013 HFSS 15.0

Improved matrix multiprocessing, up to 2X faster
matrix solves

Improved parallel frequency sweeps with MPI
interconnect

2014 HFSS R15.0.3
Distributed Matrix solver
Hierarchical HPC, Parameter w DDM
Geometry-aware Phi mesh, fast meshing for layered

2017 HFSS R18

- Broadband adaptive meshing
- S-parameter only solve, 90% fas

- Multi-level HPC, ParametersfFrEbC MCAD HlerarChy O 3D

2018 HFSS R19

- Improved GPU for FD, up to 50% impro
matrix acceleration

- HFSS SBR+ GPU support, up to 5x spee

. Circuit
(Y Multizone PCB O D\I’_r.‘alimc C Driven
hd s Assembly
. System EDB
IC Meshlng O Automation C
Components

antenna placement studies

2019 HFSS 2019R2
- Microsoft Azure Cloud Deployment
- Fast HFSS Solve auto-setup option

2019 HFSS 2019R3

f‘»

@)

Encrypted Mesh

3D

Q3D-DCR

ECAD —

@

e e Multi-cell 3D C t Al DDM FUSIon
GPU rt for HFSS ti ient - ulti-cel omponent Array
- Domain Decomposition (DDM) LD ransien Components MCAD
- Mixed Order Elements * 2015 HFSSR16 * 2020 HFSS 2020R1
- Improved distributed frequency swee
+ 2010 HFSS v12.1 Rescale & Nimbix Cloud deployment : p e q ; VSI/PI P
- Improve erformance for simulations N
- HFSS-IE solver (3D MoM) with fast ACA solver HIFS T et Salivarp FETD p ) .p ) ) )
) ) Auto-HPC setup - Improved distribution for HFSS Regions in Slwave
- DDM with Mixed Order Elements

HFSS-IE MLFMM Fast Solver

* 2016 HFSS R17

Introduction of Savant SBR+ S¢

HFSS 3D Components in Layout

H"

* 2011 HFSSv13
Finite Element — Boundary Integral (FEBI)

- Multi-core TAU Mesher, field recovery, and fields

post-processing GPU for frequency domain sol

G @
Q* R
o o

wem
env

- HFSS Time Domain Solver, DGTD

* Direct import
* Parametric support
* Parameterizable

* 3D mesh operation support

* Scripting support

* Ul improvements
- Tree view
- Menu integration
- Definition manager

Properties. x
Name [ Vale | Unt [ Evauated Vaue| [~
AntiPadDi... 71 mil Tmil
|AntiPadStep 5 mil Sl
- Connector... 300 mil 300mil
* Note: encrygted component | e
support available in 2021R1 | |sowsra. 05w s
InnerRadius 25 mil 25mil
InnerStat 20 mil 20mil
(OuterRadius 81 mil 81mil
Pinlength 50 mil 50mil v

3D Component Data_Param Values [Component | ¢ | »
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B =X & Characterization :

File Instrument Response Stimulus Utility Help

Il Tdd22 Impedance 10.000% 50.00 [Trace Max On]
150 T . >1 366310 ps 83860
Dist.(Refi) 54.91 mm
140 TS BT
Dist (Refl) 196.54 mm
130 3 8617
Dist (Refl) 379.69 mm
120
110
0 Con, .
0 5 .
Con Cablle Con Vija+PCB+Via
1 100p 400p 900p 4 2.4n 2.9r 4 39n 4.4n 4.9n|
or  [E Y e e Y] |51Y) |5 Y] e v][2]12]1X]
Setup Horizontal Vertical Parameters Gating Trace Control
W o Tddll | Tddl2 | Tdell | Tdcl2 |Measure |TmeDoman | [Dffewntal
TORITDT Toda [ tec1t | Tdc22 |romat [lpedance [ Pesing
mm— \./ Tedll Tedl2 Teell Tecl2 | stimulus  Lowpass Step
EyelMask ey Ted21 | Ted22 | Teedl | Tec2? |piseTime |2090% - EENE

Cal Plane
Manager...

|[BW=100k || C 4-Port | TDR|Sim | Zr | Tform

| LCL || 2021/01728-18:29

i

Instrument Response Stimulus Utility

2
mw

3

10

40

Il Sdd21 LogM 5.000dB/ -15.0dB

12040 GHz -573dB

A

|

M
"

>Ch1: Start 50.0000 MHz —

Stop 30.0000 GHz

| 72 | cn1 | intig | swp |[Bw=100k]| CA4Port | Sim

Apply Fixtures Main
oN
Port
Extension
Power Comp...

Cal S
o &cal

Fixtures

Fixture Setup v

Cal Plane
Manager...

File Instrument

Response  Stimulus

Utility Help

Tr5 Tdd21, High = 400 mV Low =-400 mV. 24 Gbps

500.0m | ‘ ‘
400.0m
One: 277.4m
300.0m
200.0m
FB0% / RB0%] / S
> %
100.0m ET o
o e
w5 |8
0.000 Jitter: 6,51 p g o
5
-100.0m > 1=
N S
200.0m R20% F20%]
-300.0m
=Zero:-275.8
-400.0m T
Width: 28.44 ps
-500.0m L
-20.83333333333p 0 10.416667p 20.833333p 31.25p 41.666667p 52.083333p 62.5p
Stop
TOR (e
o Stimulus Resuts Scale/Mask
Type onev. ENEVENEEEEE  ricTmeoet | mierime 2137ps a
— ——
Jiter RMS 220895
. oats rete BTN Jinerep csipe
Eye/Mask Patiemn| Rise Time 5 | Crossing % sosts .

| LcL | 202018 1848 |

75 | chi | inrig || swp |

BW=100k | C 4-Port | TDR |Sim | Tform

Marker X

Marker 1

Marker
1-7

366.31 ps.
Marker

8-15
Marker 2

Marker

131205
Setup

Marker 3

253305 ns

Marker 4

Marker 5

Marker 6

Marker 7

Reference

| Lew [ 2021101284750 |




I SerDes/DDR Memory Tips & Solutions

B =A™ & Characterization :

& =X} 3| A x|
> PCB A2 =1 &AM XMZ2El PCBe| 7 &E2| At0|7f ZXfgt

v 1 XO|ZF A3 KX| REX[TF TDR A1t H|WA| 2FZFO| delay XHO| 7} LIERE

v Hg PCBe B% &4 Ul EHO| EeY

> H|ZtEl PCB H 0] sff A1 UCPOIW S

o

v PCB &S| O A U HUI A7 WS trace FEHZ HEB| A oD B
Mol 2|8 850l S5 BR(NE JHaslL SEH0| S HOiX D HEHS N8
Sz QX7 3K %)

v PCBtrace LE = RE 50| YN0 [t FxAo| QAT 2y

Promising results on main challenge: AT&S
High Speed Applications AT&S structuring 30/30pm -
From LAB to FAB . ‘ =S ~—] * Results on mass production equipment at AT&S

» Concepts from lab have been successfully transferred to fab

30/30 L/S, 20pym DF 35/35 L/S, 20pym DF
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B PCB Materials & Technology :

Fregquency
5 GHz < 20 GHz < 30 GHz 30GHz - 80 GHz
Copper
Treatment
Supplier Type Dk @ 10Ghz | Df @ 10 GHz Rz FR 4 Advanced FR4 | Low Dk Material | Very Low Dk material
Panasonic R1755M, R1650 4.5 0,015 3-7pm B
Panasaonic Megtron 2, 4 4 0,015 5-Tpum i
% Panasonic Megtron & 3,5 0,004 2pum B
'E Rogers RO43XX 3,6 0,0037 7-9 pum 5|
= Rogers RO 3003 3 0,0013 5-10pm % |
= Panasonic LCP 3 0,001 2pm |
Du Pont Pyralux TK 2,5 0,002 4um % |
Isola Astra 3.0 Dk 3 0,0017 2um B
< PTH's | [ = |
E Laser Vias 5| ] = 5|
= Filled Vias | ) = |
3 Deep Drilling 5 = 5 5
Homogeneous | = = B
o Hybrid not required| not required 5 5|
ﬁ Asymmetric not required| not required | not required B
A Hybrid
. 75pm 75pm 75pm 7Spm
@ Panel Plating +/-20% +/-20% +/-20% +/-20%
& 28y
_g £ ﬁ- % Semi Pattern 0pum 0um 0pm 30pm
- 5 v 5 +/-10% +/-10% +/-10% +/-10%
= £5°
& A Semi Additiy 30pm 30pm 30pm 30pm
+/-7pum +/-7pm +/-7pm +/-7pum




I SerDes/DDR Memory Tips & Solutions

B PCB =X} sjAM XM3IM : PCB 2M HM

< HFSS S| M 0| M AL&3t= PCB relative permittivity= time delay, dielectric loss tangent=
insertion loss& 0| &30 #+& £ UZS
< PCB &7t offd Z40tE H| w5ty sl &HUS B4

Edit Dataset H[=] E3
Name: [$AVSS_loss SwapXYDala | ImportDataset.. | Export Dataset. |
[ Cocxinetes o Dielectric Loss Tangent -
__|Frequency[.| Dielectric Loss Ta. | = 0.090
; 003 E
2 [ooos 0073 0.080
3001 0.065
oo 0048 0070
S 004 € ]
6102 0033 E0.0GO =
o3 00235 e 3
T2 los 0.024 80050 o
Sh 00155 £ 3
= | goos0 ]
stonssone| | asapovsen | nwo ]
Append Rows. Detete Rows 0020 3
0010 J— — T — T
0001 0010 0100 1000
Cancel Erequency [GHz] -
100.00 Coverie . Insertion Loss discrete
1 — é?é-’l ot g o per) 0.00 P 2 = == 74 T+ — d;;‘:;’!\;:“m
|- 6‘” M a‘ — GD(Porz Port1y'300 l 4 e T - = C-’I a* Impored
T Uinearrequency : T » B tkﬁ l‘ - @ dE{SIDIN2 DM))"300
4 . OH = ZA Setupl : Sweep
90.00 -5.001 o -
mio
Hame X ¥ N mit
i m1 0.0010 -0.2732
80.00 | -10.007 | 2 0.0010  -0.3085 £ u
| | m3 0.0050 -0.7857
T UL i | i | m4 0.0050 -0.8089 gt
= AL G e T l | (AN m5 0.0100 -1.2444
s 1 “Mh.\. “‘l}‘"\'” U] ot AR |‘|.:4 'i‘“l‘\“'ii“ A L.‘I.. ”"]l'u I| $-15.00 [mé 00100 -1.2889 16
70.00 | | I | \! m7 0.0500 -3.7025 2
) 1 m8 0.0500 -3.8071
m$ 0.1000 -5.8190
~20.00 [m10/0.1000 58762
m11/0.2000 -9.1320
1 [m12 0.2000 -9.5734
60.00 m130.3000 -11.9167 .
_| [m14 0.3000 -11.9690
-25.00 m15 /0.5000 -15.9515 i
m16 |0.5000 -16.0179 ot
50.00 4 [m17 1.0000 -25.0558 marter ﬁ:‘: = 3;"
1 T T T T T T T 1 18 1.0000 -25.1046 arker =T
0.00 0.20 0.40 0.60 0.80 1.00 -20.00 = ML B ‘
F [GHz] 0.001 0‘010 0.100 1.000

Freq [GHz]
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B PCB 31} oM AslM : De-embeddin e
< DUTE S37ZH|t AZdot7| |6l -*-XH5P PCB 59| fixtureZ7} Z 3%t
< DUTZt L& &2 %—.—CHI Z7d probeAt0|0f Coup||ngO| SHAHSET| 20 0]Z{0] TSt
< Fixture + DUT + fixture :ero“)q UE fixture EHZ NS DUT E42 +&
<% Fixture £70& HZ32t 2X thruE f’SOHﬂ Fixturel| 9ot &t

TDR Characteristic Impedance
Az > Ly + Ay,

A —

—oA’o——o AZ o—-—oAJo—‘

o))
o

Impedance (Q2)
N N
o N

b L
hn

4=
o

5% ) 73 24
Time (ns)

=2X-Thru with 800 mil TX line
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m PCB X1} siM XM3IM : £F U M= 2M Al

& 2X thru 8™ 41}

Tr 7 S11LogM 10.00dE! 40 0dB | TR Tr 7 511 LogM 10 00dE! 40 0dB | T
0 ' ': | ' I:I- || 10 E
o /] [N R - —
10 10
20 20
a0 | 30
|| X L
4 ! ! : ol P Y TR 1 RN D
0 | | 40 I 0 N .lu|II1 |'J .",I‘lllm I|I'||IJI‘|I 1l
50 50 '|I‘j"|““| .|'||'i|1|| | g
| T T 1 '
AT CATTYT Y (TR L
bt 1 1 [ | o [tk 1f-lnu|1"-..|' il
| i |+r \ AU TR !
5 \| LA '
|
-0 | . 0 f .
De-embedding ™ T ‘ De-embedding = |
0 I I B0 | 1 1 1 1 I I I
4 *Ch1l S-Laﬂ 50,0000 MHz — — SI-CO 40.0000 GHz 4 >Chl: Stat 50 0000 MHz — — Stop 40 0000 GHz

2xThru fixture de-embedding FZ IL/RL

. T = _____ T »
2XThru fixture
| ] De-embedded
|
|
i Transmission-line
SM : |

SNIA | De-embedding i t | De-embedding =& r

1 I I m " I 1 )

2xThru fixture de-embedding % TDR Z1t
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m PCB X1} siM XM3IM : £F U M= 2M Al

& DUT &

M A _I|-
o =2+
=..
10 0
o 0 —
10 . — 10
AN I
I
-40 » . H 40 1 ! I
50 50
0 70 1 1
“ I De-embedding ™ “ De-embedding &
4 N >Chil: Start 500000MHZ — — 5t0p 400000 GHZ 4 v >Chl- Start 50.0000 MHz — — Siop 40,0000 GHz
Fixture+DUT de-embedding ®% IL/RL
| Hxfixt{ire TX ﬁItura

=

DUT|

I De-embeddiné il }
I |

-

DUT

De-embedding £
| I

Fixture+DUT de-embedding 2% TDR

11
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H 3D 3HM ZIOM

k1
>
P
ot

= 1% Mz @S ME2 I 377 HF HOX|2 7| =20 HE 580 =70t
80| 27tsot0 4= 0|8 242l 2R280| =0td

ZHOFX| 2 S-SRl X2 via, socket, connector &2| CHYot 2<% QIE{I|0|AQ| QmEHA OfA 1}

i

71F0| Z M2 72| S-parameter?| HZZE ™K A2 240| 2715t 3D S| S St &= F
ol 2AE Hed

D= XMES 3D i ES 0|8510f EAM5H= A0| 7t H=okX| T AlZH HorE 2[4l 3D siAdo] HR
ot 22 TESHY HHES| 285t= &oto] Hewt

QHtX Ol PCB trace= Slwave?} Z1HX 0|11 Packagelt Z2 PCBO| topUlAl bottoml Z HZAL|E= T
2=+ HFSS 3D layout, connector 2| 3D K| & Z&et 22 HFSSE &&5t= A0| 21HA 2l o
M HiHH

-1 o 4

13
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B Stack up ¥ via &
< Stack up= PCB

> HFSS 3D sl A0

A
(=]
A

-t —t
= =5tq =0l

7t Q17| 2

% Via ™ via 4 EH

> Iayout datadj

EH = Edit Padstacks

Hetsl QAT 2L A2

k=12

of 2ol

B Exgont w-bement. x

Croaseten v

%W-Element Analysis
Bfi Backarill settings...

Layer Span

top - bottorn
top - bottorn

top - bottam
top - bottam

top - bottorn
top - bottorn

top - bottam
top - bottam

o= oT = =
W7 Padstack Editor X
. - - Cross-Sectional View Padstackis) Padstack Propetties
- R — PADO1_0%2_0-D0_5X1.5 LRl
7 i PAD 19351200 tane
. . PAD_MB_564_2PIN
Layer Stackup Layer Stackup ire  Circui Solderball  Edit Edit TR =i
Editor Wizard itor  Para Properties Materials Padstacks O LAl
P Absoluts
Edit Tools @
Layer Pad Antipad “Themal Relief Pad
hr Circle (R: 0.25) Circle (R: 0.295) None
DIELECTRIC_BE... Circle (R: 0.125) None: None.
02_GND Circle (R: 0.25) Circle: (R: 0.295) None.
DIELECTRIC_BE... Circle (R: 0.125) None None
03_GND Circle (R: 0.25) Circle (R: 0.295) None
DIELECTRIC_BE... Circle (R: 0.125) None None
W7 Layer Stackup Editor x BOTTOM Circle (R: 0.25) Circle (R: 0.235) None
C.. Msme Type 4 Thickness (mm) &y Materisl  Conductivity (.., & Dielectic FIll Dielectic con,.. Losstan.. Transluce... Elevation (mm)  Roughness (n ey
n SURFACE. DIELECTRIC © AR o 1 ] | HEE = Select Al Metal Layers Select All Dielectric Layers
m  DIELECTRIC.. DIELECTRIC 0023 PRt 0 45 00 977 Pad Propetis Ariipad Prnetine Thearmsl Reliok Pad Pranion
@ TR METAL 004 COPRER 6 S65E07 P-4 45 05 i 0.5 A0 R0 .
w  DIELECTAIC.. DIELECTRIC 017 FR-L0 i35 001St L7 Shape: [Circe © Shape] 1! Backarill Settings
B [EGND METAL 0,034 COFPER 59595407 FR-40 45 0Dis &0 073 40, H)i0 b
B DIELECTRIC.. DIELECTRIC 045 FR-L.| 45 aoim 07 Radus: Racil  [7] Activate Backdrilin
O GG METAL 0.0 COPPER 5.9H9E 07 FRd2 45 00182 80 0.5 10, R0, * A Pin
w  DIELECTAIC,.. DIELECTRIC 017 FR-4.2 a5 [ 0,066 Nets P 4 Net: DN_TX_CPRI_SFPP1
@ BOTTOM  METAL 004 COPPER 50T FR-4 45 005 & [17] 40 HI0 Padstack: V_C50H25_67
B DELECTAC.. DELECTRIC 0003 Fh-d i as o v Update Hicooez & *lees az
®  SURFACE 2. DIELECTRIC 0 AR 1] 1 o 0 O E&ggg:igi e d
P A T [CJv_csomzs 35 4 Net: DN_TX_CPRI_SFPP5
[Jv_cs0H25_35 4 Padstack: V_C50H25_67
B B 4z
. - 84,5 .
| = Hitoaee 4 Net: DP_TX_CPRI_SFPP1
1 [Jv_Caorizs 41 4 Padstack: V_C50H25_67
i Ov_csoH2s_42 16,425 402
or [Jv_C50H25_43 5 3
] [Qv_csoHzs_44 4 Net: DP_TX_CPRI_SFPP5
ot [v_csotizs 45 4 Padstack: V_C50H25_67
s@r [Jv_CsoH25_46 O 5
ot [Ov_csoH2s_47
£ ~ [Jv_csoH25_48 85 805
Add | Delete [Move Layer(s) Edit Selected Layer(s) [Jv_csoH25_49
Add sbove ted Layes = " | [Cv_csoH2s_s0
I e peectierl []v_cs0H25_5
— = Trancarcy [Jv_cs0H25 5
ete d [Jv_csoH25 53
Type T [Jv_csoH2s5_54
e — — Roughness : [Jv_csonH25_s5
= [Jv_C50H25_S
selectal DIELECTRIC v| layers  |Scheme-1 Save Current Color Scheme. | - Color scheme | Asls ~ | setas E:jgg:gis
- e devaltors | BN NP Fe—y R = n [Ov_csoH2s_s9 Backdrill Top
[ ks change affects de slevats Mo operties wertStadap | []Conformal Cost  Urits I" | [CJv_csomzs_s0
QV_E??Hé_?! v From Top To Layer: |-
[ Synchronize Net Visiilit Dameter: [ | mm

x
Top Backdril Bottorn Backdril ~
To: Il4-gnd. D: 01, §: 0.2
To: Id-gnd. D: 0.1, 5 0.2
e o
e Y T ’\1‘ To! I04-gnd. D: 0.1, 5: 0.2
p To: Id-gnd, D: 0.1, §: 0.2
T To: Il4-gnd. D: 01, §: 0.2
To: IM4-gnd. D: 01, §: 0.2
= N Toi ld-gnd. D: 0.1, §: 0.2
: 1 Toi Ig-gnd. D: 0.1, §: 0.2
4 h
3 -1
i
Backdill Bottom
From Bottom To Layer: |04-gnd > select Al unselect Al
Expand All Collapse Al
Close.

Layer Stackup Wizard

14
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Sweeo | Senmtty | Dastriuted Ay 09) |

Senudation name: MR nterp

m Slwave?l HFSS 3D layout 9= §|A : Slwave region 3

< Slwave= K| ™ El region 72 HFSS 3D layoutZ siAst= 7|52 M-S
> 3D e 72 regionl = 27
< Region A7 A| Fo| At
> RegionZ Slwave portE Zgot 77ttt 47 7ts
> T2 AA ™2 HFSS 3D layout port 20| 7ts3tE &
HAAHO| =23t reference plane2 ZEtoljof T

< Region ™=l #7t2 Slwave Z1t EE Q| HF#E K& E

3D off A 7t

Comput OC pont

Frequency Range Setup

CLL

Ststreq | Swofrea hum. Ponts/Step Sue [Dutbuton] |
z o e Lnear Step |

@ Interpolatrg Sweep
Relatve error forS: 0.5 %

[ o soives opsons... |

Vi Expeet Touchstone ® fle after semulation completes

e path:

/I HFSS (uses -defined regons)

15
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m HFSS 3D layoutE 0|&5t PCB olj&]

< PCBR} €2 MZT T+ S|M2 layerOtC}t 2D triangular mesh& ‘d/d5t= phi meshing 7|=0| 8%
< S HFSS solverg ArEot7| ME 0] HFSS2F A2 €2 ZA1+E LIEIH

< Package 2 20| topO|A| bottom2 = AHZAE|= HEHL| S|4 2 Siwave region AHE0| E7+55t7| i
20] 3D layoutE F=H

» o} die9] Ider ball 5] | 25} M =S| OF MEHSIH XtzOo 2 MMO| 756}
< BGAR2} die2| solder ball 222 X[5t1 port E- L &M netft MEISIH X522 HH0| 7+SS
':'Oﬂ ol 2| |7 X OofFE|
g 1 Component Model %
[} - Component Irfo
g Fatnione CONTES_BGATE1_0-2 0<%
O IC
niFFo_plUia —
ofc 7 » ® o 4«
%FFEIC U1 6 B .
... i g
e —
nnnnnnnnn O% " e DIFF e
| ;
[ Vel [ [ 11 biFF1_plorTo o gF cot-shift-A
Tupe  Component [ é nnnnnnnnnnnnnn S — & (&} o Q
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B Slwave A

20 AZh/HEZ|=

ZAJ} H|w

c A2 AIZEH/ 22|

Via £ 814 Z3t Xto| 9lg
Trace 22 4 21} fAlet

» Slwave: 10h 39m / 67GB

AHO[7F US

> Slwave(Region): 12h 25m / 65GB(88GB)

» HFSS: 30h 39m / 55GB

30 hours and 39 minutes

55 GB of peak memory

2500

XY Plot 2

5000

7500

N s

s
T Da—
SR
s I a e HFR_Interp Diff HFR _interz
s ;
Slwave(Region)
-150.00 T T T T T
obo 2k sho h 1000 1250 1500 1750 2
FiGHz)

Slwave only

Slwave + HFSS Regions

5 simulation profie for Siwave_inters \AjEh QUL Regions"

Simulation profile for HFR Interp With Regions"

Module Real Time CPU Time Memory size

Module Real Time CPU Time

Memory size

Siwaveng 2018.1.0 (Suilz: Fep
host

Conmenced on at Fri[Feb 23 18:23:53 2018

511 wavgnq 201! 1.0 (Built: Feb
Commenced on

at Thu[Feb 22 7157138 2018

Eeaii R o

Memory | | Real Cpu | wemory
Comman ! | | Time B3]
| geomproc | oo: 02 1 | DO DZ 14 | 123sm | 408982 triangle | NFSS Reqiun 0 | 00:19:12 | 05:54:03 | 86 llﬁB 131438 tetrahedra
| SoTveSerup | 00:14:38 | 00:16:40 3047M | 1 project | HESS Region 1 | 00 | 07:46:15 | 170648 tetranedra
geonpr 0: | 00:02:30 | 356 | 300583 triangy
Finished at 02/23/2018 18:40:47 mlvuuup 00:36:14 | 00:17:18 | 4053’4 1 project
Finished
SInave 2018.1.0 Feb 22 2018 at 23:48:39 begim

a8:
C:\Propra F1les\unsysEN\AnsyscH19, 1\H1nso\sinlvunlver exe
at 02/23/2018 18:40:50

| Memory |
om: | umber of Elements |
geomproc 1174M 425204 triangle |
| xsec_solv {730 | 5163 xsections |
| viaextract [z 9380 blocks |
| bsm_ad | |

00:02: 4 3osul (1861484 triangles
Ter 205 solutiol

32 6 17 Eoo4sm | 11974596 matrix

| 67045M | 11974596 matrix

| DCs_36p
| Stwave

Finished on

End Date

at[02/24/2018 05:02:53

Start Date

Feb 23th Start Time 18:23:53

Finished Time 05:02:53

Feb 24th
05:02:53 - 18:23:53

= 10 hours 39 minutes

at 02/22/2018 19:33:34

ave 2018.1.0 Feb 19 2018 at 23:5

145 | 02:12:08 |

0:45 beginn:
ct \Proqu'l F1|es\MsysEM\AnsysEuxs 1\wm6a\smav;solver exe
T 02/22/2018 19:33:
Real | Cpu | Memory
c Time Time | Nusber of Elements
geomproc 00:00: 11744 425210 triangle
xsec_solve 71444 | $164 xsections
Viaexrace % i | 7 | !
m_adap' 0:02:52 l 00:02:51 | 44M 1361363 (!(unq'lc;
xn:erpolanng weep converged after solutions |
5_31 149:40 \ 65!4’1 | 11974100 matrix I
sxwave

€5348M | 11974100 matrix |

at[02/23/2018 06:22:51

Finished

Start Date
Feb 22nd

End Date
Feb 23rd

Start Time 17:57:39

Finished Time 06:22:51

06:22:51 - 17:57:39

= 12 hours 25 minutes

12000 , s \ Transient Device Properties Plot 1 -
I’ “ ;‘m’g&:ﬂ
U \
’ | IS IR0
=t \
= | o o
1 \ :
: | —— _— @
1 —
1 i
10000 ; ! \/
! 1
! 1
| : : Slwave with
: A ; HFSS Regions
! 1
- : ! Slwave Only
! 1
| 1
Slwave !
| Slwave(Region) !
HFSS \ o
1 Full HFSS
1DW° u‘ll'n | Ao 2&’

1
Time {ns]
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HFSSE 0|&st PCB 5

% PCBDF 3l Al
< Port =
» HFSS=

of
4
o
e}

Region 0

L

—

|
=
4 et

8%

2
[=1s
=

M Hig

: HFSS region 5ljA1

3D off 40| R

region X8 R

=N=R=
T =

Region 1

(»
O

NN IEGIEO N o IEORON ©

O

O
O

ollolle
o o] e

HFSS 6i{ A A| %

I HFSSE A 8=

QFLla.-
homa

=13

EH
od

Region

Compute 5YZ-parameters x

Sweep  Sensitivity Distributed Analysis (HPC)

Simulation name: | SYZ Sweep 3D v

[ Compute exact DC point

Frequency Range Setup

Start Freg
SMHz

Stop Freg | Num. Points / Step Size | Distribution
5GHz 100

Linear

Add Above Add Below Delete Selection Preview..

Save Load Set Default Clear Default

Sweep Selection
[ 5et FWS generation parameters

IMin Rise/Fall Time / 5

3D Solver

(O Discrete Sweep

@ Interpolating Sweep

Relative error for S: %

Passivity/Causality [1Q3D (auto-detected regions)

Enforce Causality [CJHFSS (user-defined ragicns)

EA1Enforce Passivity AEDT regions schematic (do not simulate)

Solve regions in parallel Configure...

HFSS solver options...
[JExport TouchstoneG/Aile after simulation completes Other solver options...

File path: | Dyrain2022/train20220526/HUWIN_FIXTURE_220510e Browse...

El

Close

Save Settings

e
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m HFSSE 0|23t PCB 5|A! i : HFSS region sHA!

< Slwave 844 9| solution namell S st 0| 22| 20| M=
< 2} region0| M=Z XZF |1 region(ZAhH= HFR(ZAD EH 0 XY &
| M3

< Slwave It2LH + " wo_regions” 2| 0|52 2 LIMX| &

220526 » HUWIN_FIXTURE_220510e xml » HUWIN_FIXTURE_220510e2 siwaveresults » 0000_SYZ Sweep_3D » HFRO

~

O£ =3 2R == 37|
HFRO.aedb 2022-05-26 2 12:25 g 4
HFRO.2edb.batchinfo 2022-05-26 2% 1224 It E04
HFRO.aedtresults 2022-05-26 273 12:25 It €4
[] batchExtract py 2022-05-26 27 1224 Py ;Y 1KB
[ clipdesign.config 2022-05-26 27 12:24 CONFIG It 2KB
[ HFRO.3edb.q.completed 2022-05-26 27 12:24 COMPLETED I+g 1KB
I\ HFRO.zedt 2022-05-26 27 12:25  Ansys Electronics ... 55KB

k—12.00mm —3)
[0 OO S IO

25.00 mm
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HFSSE 0|25t PCB 5l 8iY : HFSS 3D layout

< AHYH E=1C 2H0| 30| PCBEF S 4 St= &% HFSS 3D layout && ok
> Export > HFSS 3D Layout = &
> PCB A MEH = ofeff A 20| g8 A ot fX| X|[d = OK =&
> 7|2 Project nameO| HFSSE exportl} & LoHH X|HE[EE oY HE 2o
> A El RegionO| Y= B0l export 7ts

) B Export HFSS 30 Layout Project - O et
port Hpfne View Touols Advanced Export Simulation Results ) Tell me what you want to
@-/ =) Component File.., < Layer Stackup XML... % Settings File... ;—fé\éﬁ a Project name: |trainEDZZDSZGWHU\"J'IN_FIR'I'LIRE_ZEDSIDE_meWHU\"a'IN_FI}t'I'LIRE_ZZD51EIE2.aE|:It Browse. ..
=J Huray Roughness Models.., =3 XFLFile.. L - i
HFSS3D Lover Stack  RLC Part Val 2 Template Fil 3D Export  Preview Export | Exportt  Met Selection
ayer Stackup... b art Values... "2 Template File... ionz... (Cli y )
Layout. # # # Options... [Clipped Pwr/Gnd] = HFSS 3D Oﬁ.utomahc {remmmended} @ Manual {Iegacy}
Ansys EDA Layouts 3l

[Jinvoke Ansys Electronics Desktop upon completion [ ]Export Plane Extents as HFSS Regions

[]convert to Coax Port When Possible []Preserve Circuit Port Classification
[Jcreate Ports for Pwr/Gnd Radial Extent Factor: ICI
[]GND

Cancel
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HFSSE 0|25t PCB 5l 8iY : HFSS 3D layout

P~

< BGA ME = £/JE 2| Model info =&
X} E-II A—I X S K =2
< Component Model &0|A BGA 22 8478 = = 2
—r
o 22 H-HOZ connector REE SLUSHAH A7
. o = O
B G 1| Compenent Model d
A B 1| Component Model X
Part Name: [CONT8A_BGATE1 02 048 Comporent Info
palliee IC Part Mame: [CON?_CON7-0 61 %00 8
Fief Des: |U1 Part Type: |ID
h 4 Mo, Pins: [1&
[0} (3 Ref Des: |J1
Q @ todel Interface Mo, Pins: |?,
DIFF0_PAT 4 Interface: | tanual ﬂ
N Model Interface
CIFFO_# U1 & Die Properties
Cj Type: |F|ip chip j Properties o | Interface: | b aral j
H—]
LALIELLE - D @ Orientation: |Chip down ﬂ - Mame |C \rialue ‘ Unit |Eva|uated\ Solder Ball Properties
Mame Yalue Unit | Evaluated ¥,,, [EES ] it ype omponen .
Twpe Cormponent | | ?5':1 i Height o LockPosition r Shape: |E_I,J|Inde[ j
Mame Nl .
::JDCkPD”' U r %FL@j 1_12 - Solder Ball Properties Calor Override = Diarneter: |U.21 rm
ame
Color 0., - Shape: [ Cylinder =1 Color I Mid Diameter:  |0.21mm
Calor ] ’_> (“ . Part CONT_COMT-06-1.9%.., .
Pant CONIGA_BGAIB-1_0-2 Diameter: /0.3 FanTwpe 10 Height: |0.21rrn
Part Type IC Mid Diarnster: [ tadel Info W aterial solder
Model Info Height; |U.5mm Pins _ Edt. |
Pins Edit N | ™ Package Def  "CONT_CONT-0_6-1_9%... "CONTCO! Port P i
% : : ort Properties
Packag,.. "CONIGA_BGAIG-1_0-2., "CONTBAE. . atefial i Maunting Oftzet 0 meter | Ometer P
tountin,., meter Ometer EPlacement Referance Offset: |D
EIPlacement Poart Properties Placementla... TOP _
Placem.,, TOP Fieference Dffsat |IJ lp;ﬁcaﬁ;n 0.0 - n.o Reference Size: v Auto
Location 0.0 0.0 e X |0
Flipped r Reference Size: W Auto Angle 0 deg Odeg "
Angle O deg  (Odeg O EIRendering L
L Message Manager Scaling 1 1
EIRendering ¥ ’07
Scaling |1 ] I—DK—l Cancel |
oK I Cancel |
]
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B HFSSE 0|Est PCB ofjA1 ity : HFSS 3D layout

% BGA 22 MH = 23
“ HHHE €2
% HFSS setup MEH =

o® @
By #r

=
=

%%.
3

=
i)
2]
—

Select

Select Handles
Select Edges
Cycle Selection
Unselect All

List Selection...

Push Down
Pop Up

Place Design...
Snap 3D
Connect Pins...

Port

Boundary

DCIR

Interface

Mets
Components

3D Components
Padstack...
Footprint

View

=13

o]
H
E
B

Crl+Shift+A

CERE

>
2
»
3
»
2
»

=

O O Q

I Create
Remove

Create Circuit Ports

Assign Reference

Clear Reference

Create Ports on Met

Removwe Ports From Met

Create Ports on Component ...
Remaove Ports From Component

2l > Port > Create Ports on Component 2 2/5+0{ port 4
AHHO = port ‘&

BGA 2

M
o
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B HFSSE 0|&Zst 7{4YE{E xEgtst PCB sljAl it : HFSS 3D layoutOA{ PCB export

 HFSS 3D layout®| solution 22 &l > Export > HFSS Model 225} export

& HUWIN_FIXTURE_220510e2_3Dlayout
Circuit Elements /
- B Boundaries : HFSS 3D layout
[]--@ Excitations S
=8 Analysis

% Cosim Options (HFSS)

[¥] bc 1R 5im 1
I\;l Sy7gw o Cut Ctrl+X
| Slwave svz 53 Copy Cirl+C
gt Design Verificat 0 pacte Ctrl+v
@ Optimetrics
2-FF Results Rename F2
=Bl SParame X Delete Delete
C el dB(s(Di )
4 dB(S(Di Properties...
El@ 5 Paramete Disable Setup
“# dBSDI - Add Frequency Sweep..
B : Assign Mesh Operation >
ties
Validate
ime ‘al
p HFSS Setup 1 &%  Analyze F10
ile [w Submit Job...
ar  HF3S Revert to Initial Mesh
ses |10 Generate Mesh
ent ... 30
13002 Pre-Process Geometry »
tion... 5. Invalidate Solutions
5 0,,, First Order
Fef,.. 1000000 Export > & HFSS Model...
Ma... . B €% Profile.. § Q3D Model..
2r T.., Direct Solver . I
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H Slwave to HFSS : HFSSE 0|&st PCB sl

< Slwave= PCB H|O|E{& importot¥ ZE A5t AHLE =R 2AE S HFSSE export 7ts

% stack-up HE
> PCB H|O|E{Q| stack-up +=d0| 7550, T 2 H 2

% Slwave export &M A%
» 100% via fill: Pad stack editor2| Via Plating FA|
> Separate dielectric layers: RTA| ZREE 22
o] Y&

> Ignore unconnected pads: trace?t AZ | X| -2

Ignore unconnected pads
M3 olid "

100% via fill A3 S| &4

pad FA|

b

(=1
=

ol

L Export Options

Solid Model | General

[Jicenerate fully unified nets Set Ansys Mechanical Defaults
Excluding Solderballs/Solderbumps/Bondwires
[ split solid via
100% via fill {overrides per-padstack plating ratic)
[ignore dielectrics
Separate dielectric layers
Unite consecutive layers that have same material
[[ICut dielectrics based on plane extents
[ 5ubtract metals from substrate
[Jonly when boundaries intersect
[F-l1gnere unconnected pads
[IRemove plating tails
[Jclip all metal at plane extent boundaries
[ Discretized arcs in planes and traces
[[15quare off trace ends
[ Create 2D sheet bedies representing zero-thickness metal
Autornatically ignore cutouts through which no via passes
[ Preserve all antipads
[l1gnere cutouts with area less than 0.2085875 | sq mm
El1gnere geometries with area less than 208588 | sgmm

Minimum Trace Edge Length

c
3

Minimum Plane Edge Length

c
3

sll=1=][=21=]]=
-2 5
3

Minimum Pad Edge Length
Minimum Dielectric Edge Length

Dielectric Expansion Factor

[[]5ave Opticns As Default

I
e
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Y1 [ohm]

110.00
100.00
90.00 N Curve Info
1 — RX0
RX1
— RX2
| RX3
RX4
80.00 - e
1 ~— RX6
— RX7
1 PCB 72t Connector - Fixture Board
70.00 +— —r— — —— ————
0.95 1.15 1.35 1.55 1.75 1.95 2.15
Time [ns]
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B HFSSE 0|5t PCB sjjA! dit{ : HFSS 3D layout
& A 2F S Excitations 2 2/5HH Differential Pairs 22810 A4 X
% Report %*Oﬂﬁ S At Solution MEH = S{A Ax fg*C"
& g I

@0 L Add Port
@ 113  Add Plane Wave Excitation
- 11 Couple Edge Ports
Q1 Decouple Edge Ports
- U . S Parameter Plot 1 HUWIN_FIXTURE_220510e2_3Dlayout Ansys
DU Convert Selected Vias to Coax Probes 1000 000
& u Ay Port Excitations... f b
@ U Differential Pairs... /
o :;EIY’ Reorder Matrix.. |
E]ﬁ “ Select in Layout 30,00 o L o0
-[¥] e Delete All 1 L
=1 £ HFSS Sefun 1 L
| Terminals: Pairs: Differential Mode: Con B i L oo
| Paositive | Megative Enabled | Matched | Diff. Ma... |Ref. Z (oh...| Comr - i -
JL2DIFFO_F J1LADIFFO_M Icd I Difd_1 85,00 Cornr j j
JLEDIFFI_F JLEDIFFI_M [v - Dif1_11 8500 Comn g ] ‘E:
UTT0DIFFIZP U1 12DIFFI_N ~ [~ Dit1_UT |85.00 Comm Q0] o2
11, 4. DIFFO_F 11,6, DIFFO_M [v - Difd_U1 85,00 Commn % é
g g
B3 Report: HUWIN_FIXTURE_220510e2_3Dlayeut - HUWIN_FIXTURE_220510e2_3Dlaycut - S Parameter P _5”0; _ dm:;;ri:mm ml L 040
| HFSS Setup 1 .S;Zémee; 3D
Context Trace | Families | Families Display | oo
. NT0_U1, D
Solution: HFSS Setup 1: 5YZ Swee + ] IF _I IA" HFSS Setup 1: SYZ Swesp 30
DCIRSm 1 ~ Primary Sweep: |Freq 000 L s
Domain: HFS5 Setup 1 : 5Y7 Sweep 30
HF35 Setup 1: Last Adaptive X: ¥ Default |Freq
Shaw: HFSS Setup 1@ Adaptive Pass
Slwawve SYZ 1: 5YZ Sweep 1 . ; : X
SIWEVESYZI:SYZSWEEPE'DVY' IdB(S(DIﬁD_ULDIm_JI)) 7000 ——1Tr—— 77— 060
0.00 050 100 150 200 250 3.00 350 400 450 5.00
Category: Quanh’ty:l Freq [GHz]
Variables ) S(Diffo_11,Diffo_11)
Output Variables S{Comm1,Diff0_31)
¥ Paramotor S(Diff1_] 1,piff0_J 1)
Z Parameter 5(Comm2,Diff0_J1)
Group Delay S(Diff1_U1,Diffo_11)
Return Loss 5{Comm3,Diffo_11)
VSWR S(Diffo_U1, Diff0_11)
Gamma " R e
Part Zo S(Comm4,Diff0_11)
Passivity S{Diffo_11,Comm1)

SiComm1.Comm 1)
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B HFSSE 0|23t Z{UIE{E XEslst PCB 5l HiY{ : Connector import & M ¢
PE

I1 a
< 74lE 22 ZE 8l PEC ground AHA]
= (=) = =
< Menu bar°| Modeler > import 25 £ Y EH 22 HESIH S|
o, O L= (@) O (=) = M I
o AEtN Ol HUH 7| D2 import & H7|H &4 48 E
e =
Import &4 =4 2%
Automation Ansys Minerva EI"-@ Model |
E..f@. I\.‘%)odel . E@% connector l
. @Eu_f' solids = L;zhgsoppm
=82 f;tr\‘l:wgﬂ'?d . 5.7 Rectanglel
Bl . -G Import
E|L7 llgc'lcanF;I; ..I:Cfnngc‘.? !
EJE;;F;T; ; Rectangle1_2
ln Import_ mllgc"c;nnzc\’; 3
E|L7 Rectanglel_2 'U Import
l_;uan CL;np;cl.r: ; E| ' Materiall
-7 Rectanglel g M
ln mpol mpol
&1z, Coordinate S)fster:ﬂsp ' #-le, Coordinate s;.rgr;sp "
BB Planes E-4&% Planes
- Lists =€ Lists
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B HFSSE 0|5t 7{49E|E XEglst PCB oAl ity : PCBOj| Z{4E{ AI%F

< PCB &9 AHUH A% X[HO| &L zt&7 =7}
tO| PCB L0 20 7| & HEUH D2 global Zt# &= PCB Lt Q|
7|

PCB I 9| global & . v

HHYE mt2o| global Xt
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m HFSSE 0|23 H{4EIS T 55t PCB A Y : F{4IE] port MH

< HH4YE S Al mate SfEf 2 S A5H0F
< B2B AHHYIHS| B2 &I PCB =7t 2R

zlst A

=

AB(SKDIfT1_J1,DifF1_J1))
® oy o,

= o A Olo

Terminal S Parameter Plot 1
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H MLCC PAM4 application design guide : PAM-4 Signaling

Figure 2. Power Spectrum Density of NRZ and PAM4

At 56 Gbps, PAM4 requires half of the Nyquist frequency as that of NRZ.
0

-5

-10
=15

. .
. :
. .

dB

30 e ' ' - -
-35
40

=15

=50

1.5
Freq/BR {Hz/bit/sec)

PAM4 fyyquist = 96/4 = 14 GHz (Figure 1 on page 5)

NRZ fyyquist = 56/2 = 28 GHz (Figure 2 on page 5)

CEI-56G : 56Gbps PAM4 —> fy, s = 14GHz => BW : 5+14GHz=70GHz
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AMOTECH Broadband Capacitor

m MLCC PAM4 application design guide : 70GHz AC coupling HFSS 3D Components

ABCUC 04F 0XX 104K NDG

Simulation Result & Measurement [10MHz-67GHz (10MHz step)]

0 0.0 o
_' - ""'-.:N_/(-———____
i X 1 L *,"*_..‘_;:N:\\:W e b
h L] B - . " .
-10 - 1 05 - .
BN I L-:——i T 1;- ¥ ;';-.;
- ) K ! . LN T LY Ay Ey)
20 "-.'l,""' I_L_{___.'I.J-—J""'—l;r_ﬂ_—\.; 1 [}
] I Pr“""ﬁw‘"'" o 1.0 y
i L L ]
30 ’!‘ 1 ! f/ ' y ;
o \vd f o ]
= Tt D 15
I 4
= 404t =
w ! i I w
1 i | 20
=50 i I 1
( i
RO -2.5 ]
| — ABCUC (4F 0XX 104K NG {Sirmukagion ) | ——ABCUE 04F (X 104K NOG (Simulagan)
= «ABCUC 04F 0NN 104K NDE (Measurement) ] = +ABCUC 04F X 104K HOG (Measurement)
70 . : . ——F—FF— 3.0 : : : — 1 T 1
0 10G 206G 30G 400G 50G 60G T0G 0 106G 206G 306G 40G 50G G60G T0G
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B Transmission Line only resulis

105
104 |
103
102
_::E: 101
a
£ 100 = 100 —
[}
N 99 .
e Diff.| Z0
98
97
96
95 T T T T T T T T 1008 04
0 10 20 30 40 0 60 70 80 90 100
Freq [GHZz] _1006 02
5100.4 = 0
g -02
0.0 0.00 g1 '
TDR(tr=10ps) TDT(tr=10ps)
017 * -10.00
| 0 20 40 60
o2 Curve Infa SDD21 [dB] [ -20.00 o oznsec > - psec
0.3 ;Mdﬁim‘wm_ F 3000
%.0_4 = ;mdgfm);mwﬂr g
. e [-4000 O
£ 057 sobi1[ds] | 2 7
& <5112 F-50.00 = /
o067 - it o B .';
o E ° wr
0.7 5000 o i
3 > S
e -70.00 -PR
0.9 - -80.00 :
-1.0 L L L B L IR AL L L L L L B -90.00 a 2‘0 4‘0 5‘0
0 10 20 30 40 0 60 70 80 90 100
Freq [GHZ]
50 psec (time)

32



I SerDes/DDR Memory Tips & Solutions

B Transmission Line + MLCC results

0.0 0
4I!I—\\\“’,——————___\\\\y///—\\
051 SDD21[dB] - 10
r-20
-1.07
§ fsog
d 5
= -1.57 =
. SDD11[dB] o2
s 2
2.0
[ -50
-2.5
r -60
-3.0 T I S T T T T T T T T T T -70
0 10 20 30 40 0 60 70 80 90 100
Freq [GHZ]
[s0
102 08
04
101
£ 100 02
s
8 o TOR(tr=10ps) > 0 TOT(tr=10ps)
@
E‘- 98 -02
97 -04
9 | | | | |
0.05 01 015 0.2 0.25 0 20 40 60
nsec psec

3.1mm

volt

ABCUC_04F_0XX_10-
4M_NDG

l
0 20 40 60

psec (time)

Eye Diagram
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B Series Capacitor TDR EAM 7l

0402M MLCC (260nF , ESR: 40m, ESL:0.3nH) Ol CH&t TDR Test :

0.00 7 EXH 002
-10.00 ]

20.00
o]

0.3nH = 30.00
260nF 40mOhm %jl‘ﬁlg e 1

-15.85

—— dB(S(Rort2 Port1)),
LinearFraquency

IL, RL [dB]

-40.00 |
-50.00 |
60.00

-70.00

-80.00 T T T T T T T T
1.0E-09 1.0E-08 1.0E-07 1.0E-06 1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0E-01 1.0E+00 1.0E+01 1.0E+02

Freq [GHZ]
[10E-06—— sse0s

1.0E-04

260nF Series Cap. & A< 1kHz ~100kHz AFOl S—parameter curve & H=A U
ooz M&Es Time I 242 2ol 0l HH2 80| 2 RE.

=>=FO0|U AlEel0l&d Al 1kHz 0I5t 22E Sweep 0| 22 &
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B Series Capacitor S7} S|2°] TDR curve EHM

SO} 5|20/l CHS! TOR Test : _ _
Rise_time=35ps TDR with Equivalent RLC

| TDR | Z0=500hm Z0=500hm
S TD=1ns TD=1ns

0.3nH

SOJ*

L L mem o LT L -

59.80":
59.80 ] = iy
] Mo T [ v ] i
\ | m1_|20320]59.4116] i}
H
J 1
1
57.80 \ - 57.80
ESLOIl 2/ 8 Impedance peak PR
RS i |
N 1
\ 1
'E 55.80 Ess.eo% :
9, b o, H
3 i Capacitance 0fl 2/ Impedance s|
& - = . ~ ! = :
3 ESROll 28 Impedance add : 5 C%ﬂ%‘f'gpg% e T;D;JI ance slop
© 6380 50+0.04 ohm S 53801 ! = =1 slop =
H
1
1
i) Series C 2| Z < AIZ+0| X0l T2t S8t
1 i oz +3 >
51.80
] 51.80 4,
hE
it
1 50.00 <\ 50.04 } T
4980 H
1.0 195 2,00 2.05 210 215 220 4980 1 | | | |
Time [ris] 000 100.00 200.00 300.00 400.00 500.00
[200—— o006 Time [ns]
208
—
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B MLCC 3D EM model 0|25t 2Ad
IL, RL of Differential line with MLCC 3D EM model :

0.00 =.20.00 ¢
Curve Info
b ——  dB(St(Diff2,Difi1))
-12.50 1 Setup1 : Sweep I
i ——  dB(St(Difi1,Difi1))
Setup1 : Sweep
-25.00
= ]
) 1
3 ]
& .37.50
- J
[a]
-50.00
-62.50
6652 |
1E-09 1E-08 1E-07 1E-06 1E-05 1E-04 1E-03 1E-02 1E-01 1E+00 1E+01 1E+02
Freq [GHz]
1E-0§

Jal

0
Jo

Fo==0lMe 2001 3

ro

10MHz Ol & FI4+2H &8 C= A2y 0l st B3R R
Sl extrapolation &l X 22 = US.

=> Capacitor E&0| 200nF Ol& 22 2 Z2 1kHz 0I5t R E S = AISd0l& 2E.
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B Series Capacitor 3D EM 2HI9] TDR curve E3

TDR of Differential line with MLCC 3D EM model :

1kHz OISI22E sweep 8t S—parameter 2 & (A &)

10MHz £ H sweep &t S—parameter 2 &

Differential Time Domain Reflectometer

Rise_time=35ps

102.00
101.50 7
101.00 7

100.50 7

Name X A
m3 |1.7000/100.2119
m4 | 1.7000/100.1320

101.5

Differential TDR Impedance [ohm]

100.00

99.50

10MHz £ & sweep &t 2 &0 AL DC £ gt0l
& &6t Xl &1, Capacitor Ol 218t impedance
slop Ol 20IX| A &.

R123

19 —

R12

99.00
0.00

T T T T T T T T
2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00

Time [ns]

But_ N R122
Input_H utput_P 0
pEl - 1g p—

v2021_r2_T_Line_w_Cap_10MHz_cut.sdp

e @ mEva e
101.5\
101
ELOO.S
100 2254 [ o 100.2251 M.
100
99.5
99

10.00

1.3 m 21 2.6 0.0 047 093 14 mm 2.3
nsec nsec

* Ref. TDR Z 1} : www.snpview.com
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] Transient Simulation : &4 A| A3 Afet - CHE XA

« S—parameter?| Ct¥ 3._ %*‘ 0| Eye—diagram &0 &= 0|3

> S-parameter?| L =24, Causality, Passivity SM2 A& njielstn 7jM 2

Voltage

' 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
time(nsec)

-0.6
0 0.06 0.1 0.15 0.2 0.25 0.3 0.35 0.4

S WL 9 S-parametere SH0| 2
Eye-diagram Z 1t 0|
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L] Transient Simulation : 24 A| 4|2 A& - DC &%

« M1 GIOIEHE XX %= S—parameterdil CHSt DC =3

> S-parameter?} X{F1} CHHS ;JJ(I o= 422 Transient ZA1}2| Steady state M &= ZiA
> Designer Nexxim solver2| DC =3 option A&

EHEE OCFEZ QB 2N 2F
*
*
*
*

TU1800XF_ON_original_tran &

4 1 2,00
1
1
i
1 ?50
1
1 _ 100J
1 N=1I HIoIeHE
i 2N Qe
i S—parameter 050
1

fM L fM f 0% 20100 4000 m,m
H
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B  Transient Simulation : &4 A| 3|3 A&} - Causality

- A2t 820l delay time Ol &0l 2t2 2Kl &= S4 (h(ty)=0, t4<0)

> Vector fitting 7| 2o =2 A xjstEl S-parameter0i| CHst Causality 24| sHZ
> EM solver?| H&t= 2X|2 218t S-parameter X}#|2] Causality 2X|= Enforcing2 2 siZ&

A ndExplorer - [=] %
File Edit Plot
0 . X ik
a':\ CT1dE li Network data file: [LinearFrequency =] Bowse.. ”';w @
TS 25 - o awEmmEmEmEEe Quantity Plot ype [ eroacband_|
% ] Band limited 0.55 g Non : =1 | | [casatypiots =] || [Causaity vilation =] ¥ Cores (BroadbandCausaity) | 12
2 50 ] = causal :
= . 1 T h#0, t<r =
£ -75- 0 ( 2 Y © Table @ Plat
< F o lelay (@ Pi P2
-100 T T T ] T
20 40 60 80 100 0 ~ 001 0.02
Freq. (GHz) Time (nsec) o
P1
~ 0 1
m ]
Full band
T .25
8
S 50 Pz
=
S 1 i>80dB .
g5 N case
< A F o lday 0>
-100 ; ‘ - : T s
0 20 40 60 80 100 0 0.01 0.02 ¢ et
Freq. (GHz) Time (nsec) “
.Pr gd a for causallty chedk... (5:27:46 @F 6 15, 2018)
Causality. This rucessnw\dkloe a long time. (5:27:46 2% 6 1! 19)
H H = H it ion erro !ran 277165209
Band-limited S &0l 2| & Causality EHl= R e :

Vector fittingOil 2/ ot o Z S-parameter XtH| 2 Causality K&

Causality checkZ Soll &0l JI=s
(Enforcing option M 2)
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O Transient Simulation : &4 A| H|3 A& - Passivity

-
> OILX| 2= M (IRIAA oLixe] ZEH2 UH)0| $5 Lxte| S-parameterti= X

) ndExplorer - O X
nnnnnnnnnnn
an am Hetwork data file: [LinarFy B bt Chesk
ata file: ~ ..
inearfrequency o] L Y2 Dato Causalty
Compare matrix data Quantity Parameler type orm Broadband
b b No compare =] | [Metrixststic ] | | [5 parameter =] | [ =] | cores (Broadband/Causainy) | 12
n m
Los Sclectby; ( Frequencies  ® Matrix entries view: (" Table ® Plot
v Passivity

- N .

: : 2 [ = Transmitted power (~;,) 2
P = —|b |'= ca—=b b |3 L
Pl EE R LU e

Eigenvalue of [S*S]
A

Passivlly
°

Passivity violation

Select all

S-parameter 2| Passivity &9l 2 Enforcing




Huwin ACVS

(Automated Channel Verification System)
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Transient simulation : Basic principle

= Hybrid time-frequency domain method

> Split Freq./Time domain analysis — Higher efficiency, more flexible
> Eye-diagram, BER, TDR, TDT

A

3D EM simulation
(FEM, MoM, etc.)

»

Hybrid time-frequency domain method

v

Time response

Frequency response
(S-parameter)

S 11 S12 S 13 S14
S2l S22 SZI S24
S3l S 32 S 33 S24
S 41 S42 S43 S44 _

Voltage

Iy

Eye-diagram

v

Freq. to time
domain transform

IFFT with
extrapolation

SPICE model
using vector fitting

IT &~

Bit error ratio

E E
N >
t t

TDR

43

DT

Huwin
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| Transient simulation : Simulation setup

= Data rate = 1/Ul (unit interval)
= PRBS : Pseudo random bit sequence -> LFSR: Register length, Seed
= Time step : Sampling interval of output waveform

DDR: Double data rate

Time step SDR: Single data rate
AAAAAAAAAAAAAAAAAAAAAAAAAAAAA
| SDR| -

1 signal

Single Data Rate

DDR—

Double Data Rate

per
l clock cycle
2 signals

per
clock cycle
e

. . QDR
1 U| Qudd Data Rate

clock cycle

clock cycle

(O|0|X| &X: wikidoc)

P
B |
<

PRBS => Linear feedback shift register (LFSR)
Check Register length, Seed

(olo|x] &A: ¢|7|m|C|of)

4 signals
per
clock cycle

4 (Huwin|
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B Channel Loss Check

-20

IL[dB]

-25

-40

0.00E400

Net Name
D_PEX1_TXP_0
D_PEX1_TXN_O
D_PEX1_TXP_1
D_PEX1_TXN_1
D_PEX1_TXP_2
D_PEX1_TXN_2
D_PEX1.TXP_3
D_PEX1_TXN_3
D_PEX1_RXP_O
D_PEX1_RXN_0
D_PEX1_RXP_1
D_PEX1_RXN_1
D_PEX1_RXP_2
D_PEX1_RXN_2
D_PEX1_RXP_3
D_PEX1_RXN_3

5.00E+09 1.00E+10

Length[mm] Diff.[rm] Layer
47175 (3.865+43.31) 0,055 TOP™/ TOP”
47.23 (3.865+43.365) ) ‘TOP" / TOP"
52,125 (3.865+48.26) 0,055 TOP™ / TOP®
52.18 (3.865+48.315) T TOP/ TOP
53.096 (3.865+49.231) 0,055 ‘TOP" / TOP"
53.151 (3.865+49.286) ) TOP™ / TOP®
56.516 (3.865+52.651) 0.056 TOP™/ TOP”
56.572 (3.865+52.707) ) ‘TOP" / TOP"
52.622 0074 ‘BOTI'OM‘
52.696 BOTTOM
67.613 0,063 ‘BOT[DM‘
67.676 BOTTOM
63.329 0,063 kBOT[OM\
65.392 BOTTOM
66.375 0079 \BO.ITOMK
66.454 BOTTOM
IL

> Channel IL Check!

1.50E+10 2.00E+10

Freq. [Ha]

2508410

3.00E+10

Width[mm]
022170221 0+0
022170221 0+0
022170221 0+0
022170221 0+0
022170221 0+0
022170221 0+0
022170221 0+0
022170221 0+0

0.221

0.221

0221

0.221

0.221

0221

0.221

0.221

3506410

0 (-)/0 (=)
060 ()
0 ()0 ()
0 (-)/0 (=)
00 ()
0 (-)/0 (=)
0 (-)/0 (=)
00 ()
10 (0-0)
10 (0-0)
10 (0-0)
10 (0-0)
1000
10 (0-0)
10 (0-0)
1000

4.00E+10

——D_PEX1_TXP/N_O
—— D_PEX1_TXP/N_1
——D_PEX1_TXP/N_2
——D_PEX1_TXP/N_3
—— D_PEX1_RXP/N_O

D_PEX1_RXP/N_1
D_PEX1_RXP/N_2
D_PEX1_RXP/N_3

022
022
022
022
022
022
022
022

-0.781 -1.062 -1.678, -2.836 -1.654
-0.836 -1.209 -1.697 -3.035 -1.604
-0.834 -1.259 -1.714 -3.159 -1.569
-0.838 -1474 -1.833 -2.804 -1.483
-0.922 -1.174 -1.717 -2.729 -1.751
-0.893 -1.58 -2.202 -3.434 -1.321
-0.921 -1623 -2.253 -3.509 -1.41
-0.895 -1.559 -2.144 -3.435 -1.347

RL[dB]

RL

-2.25

-2.319

-2.369

-2.606,

-2.229

-2.336

-2.483

-2.347

-3.554

-3.253

-3.226

-3.24

=32

-3.25!

s

as

3

3aa g”

-3.22i

15

R e

8 » Channel RL Check
|
60
-70
0.00E400 5.00E409 1.00E410 1.50E+10 2.00E410 2.50E410
Freq. [Hz]

3.00E+10

3.50E+10

4,00E410

Via Num. Via Stub(Max)[mm] Cap.[uF] IL @2.5GHz IL @5GHz IL @8GHz IL @13GHz IL/100mm @2.5GHz IL/100mm @5GHz  IL/100mm @8GHz  IL/100mm @13GHz

-6.009

-5.82

-5.946
o

» LD EH g

-

o0t prea o0t

Frog. (i)

e Laves10

—Limit
——D_PEX1_TXP/N_O
——D_PEX1_TXP/N_1
——D_PEX1_TXP/N_2
——D_PEX1_TXP/N_3
——D_PEX1_RXP/N_O
——D_PEX1_RXP/N_1
D_PEX1_RXP/N_2
D_PEX1_RXP/N_3

—init
—o_poa T 0
P _TRRN_L
i T
—b_pexa 3
— P e o
et s
DO s 2
Db e/ s

45
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| Transient simulation : Eye-diagram, BER, Bathtub
= Eye-diagram: Ul TH¢|2 &3 oy AKX 18
= BER (Bit error ratio) : 23 0| 27 =& B3
= Bathtub : BER Z3}E T A3} -> BER2| CDF (Cumulative distribution function) XtE

Eye density : Output Point BER

2000 T -
2000 AT \‘. IRERRIREREI] /‘
<o et
g 0 -
40

l___l____:rrs'rr!‘_'::__L_ S
| |
BER | &k I
(1] I |
0.5x10 |
|
| |
| |
| |
10712 1 !

Sampling time (st:)

Eye diagram, jitter histogram, BER bathtub curve?| ##| =

o] R O ) [ A 4 (0l0|X| &=X: ZA%I=2, M4 MBS Al Bit Error Rate(BER)2| SHEH 0%7|2)

Eye-diagram, BER (Bathtub)

46 Huwin
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| AMI Simulation : Differential signaling (SerDes): Basic principle

= Hybrid type analysis: Non-LTI (Transient sim.) + LTI (AMI model)
» Tx/Rx driver + Channel 2| Impulse response F&
> AMI model®| Impulse responseE 2250 &M Zul =&

: Impulse response2| =tz 7 EM Ao 71 2 &S 0[F

Rising/falling

response
[P0
Xn ' . ] hoit)
(X ne1) 0

0 T, t;
Time

A'rMX I Vin(t) [S] VD.ut(t) »

Irx(t)=TxModel{V,,(t)} Causal impulse responses lrx(t)=TxModel{Vq(t)}
hy4(t)
hya(t)
Algorithmic lt
model
-Static: 0
h(t)*TxEQ(t)
-Dynamic
: TX{h(t)*bit(t)} Analog
(Non-LTI)

AMI simulation

AMI
Rx

Algorithmic
model
-Static:

hrx(t)*RXEQ(t)
-Dynamic
: RX{TX(t)}

Huwin
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AMI Simulation : Differential signaling (SerDes): Tx/Rx equalizers

48

= Static EQ: ¥ mtdo| E/da} 430 Ut EH2 & equalization
> FFE (Feed-forward equalization), CTLE (Continuous time linear equalization)
= Dynamic EQ: &8 mtg2| §40]| equalization 2110 &
> DFE (Decision feedback equalizer)
H(/')=GP'P2P"FX . 'j2ﬂf+-Z|' >(JA'Zﬂf+Zur
27, (2znf+ P)(j2nf+ Py)  j2nf+Ppp
delay delay delay
Input: vl i
s(t) *l T l- IL T ] T 17
ol
Tap | C, | | c, I | o I | Cx | e = Wavei(t)—vo Wave, (1)
coefficients: Output: 2 -
out(t) g i
- .% -4
1 I 1 1 w -5
¥ ¥ v ¥ B . FIR filter :F
Tapl Tap2 Tap N-1 Tap N e —
Feedback equalization — -
Delay: 0 T (N-2)xT  (N-1)*T 8 Decision (slicer)
Figure 1: Schematic of a feed-forward equalizer. -9
04 1 10 40
Frequency (GHz)
FFE 7|2+ X CTLE 7|2+ = DFE 7| 2+X
(0]O|X] &A]: X. Li, Wireless Visible Light Communications Employing (ololx| £A: Jeffry. W, Understanding the math of CTLE
Feed-Forward Pre-Equalization and PAM-4 Modulation) definition in IEEE 802.3 which used by 50G PAM4 ( 200GAUI-
4/400GAUI-8))
Huwin
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)

AMI Simulation : Differential signaling (SerDes): AMI parameters

v v "

Reserved_parameters: AMI E= 38 ™%t

Model_Specific: oli'd 2 Aof 2t sl T el= 282
Equalizer 278

(Reserved_Parameters

)

(AMT

)

(Init_Returns_Impulse (Usage Info)

)

(GetWave_Exists (Usage Info)

)

(Max_TInit_Aggressors (Usage Info)

)
(Modulation (Usage In)

)

(Tx_Dj

)

(Tx_RJ

)

Fhfo) (Type String) (Value "6.1")
(Description "The first IBIS version that supports this AMI file. Results may not be valid in earlier

TsToT—{Usay
(Type Boolean) (Value True)
(Description "When True, this model supperts AMI_Init (statistical) simulation.")

(Type Boolean) (Value True)
(Description "When True, this model supports AMI_GetWave (time demain) simulatioen.™)

(Type Integer) (Value 50)
(Description "The number of crosstalk aggressors supperted by this model.™)

(Type String) (Value "NRZ")
(Description "Specifies whether the model will operate as NRZ or PAM4.")

(Usage Info) (Type UI) (Value 0.075)
(Description "Tx Bounded Jitter in UI")

(Usage Info) (Type UI) (Value 0.0057)
(Description "Tx Random Jitter in UI")

Init_Return_Impulse, GetWave_Exists, Ignore_Bits, Jitters

(R gD 4+
‘I(IgnoreiBits (Usage |Info) (Type Integer) (Default 0)

(Description "Ignore four bits to fill up tapped delay line."))

(Max_TInit_Aggressors (Usage Info) (Type Integer) (Default 0)
(Description "Number of aggressors is actually unlimited."))

(Init_Returns_Impulse (Usage Info) (Type Boolean) (Default True)
(Description "Both impulse and parameters_out returned."))

(GetWave_Exists (Usage Info) (Type Boolean) (Default True)

(Description "GetWave is well and truly provided in the module."))
(Use_Init Output (Usage Info) (Type Boolean) (Default False)
(Description "GetWave and Init function independent of each other."))

)

(Model_specific

(DFE_VvChh (Usage In) (Type Float) (Format Range 0 0.332 1.13)
(Description "the middle of Vswing at RX pad"))
(DFE_coeffs

(Description "DFE l-tap coeff in Volt")

(1 (Usage In) (Type Tap) (Format Range 0 0.000 1.260)
(Description "lst tap coeff in Volt"))
(Type Tap) (Format Range 0 0.000 0.630) (Default 0.315)
(Description "2nd tap coeff in Volt. Set to 0 for l-tap DFE"))
(Type Tap) (Format Range 0.000 0.000 0.001) (Default 0.000)
(Description "Reserved for Synopsys internal usage"))

(Type Tap) (Format Range 0.000 0.000 0.001) (Default 0.000)
(Description "Reserved for Synopsys internal usage"))

) | end DFE_coeffs

) | end Model Specific

(Default 0.731)

(Default 0.630)
(2 (Usage In)
(3 (Usage In)

(4 (Usage In)

Tx, Rxignore bitsE Simulation A0l 2t
-> Bit length, offset time

49
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AMI Simulation : Single-ended (DDR5): Basic principle

= Transient simulation -> Rising/falling response &&=

> SerDes AMI: Single edge response 0| &3}0{ 8l d (Rising/falling
> DDR5E Single ended 2 Rising/Falling 271X| S /2| response 0|8 &

-

AMI
Tx

Algorithmic
model

-Static:
hit)* TXEQ(t)

Differential signaling

================

AMI
Rx

Algorithmic
model

-Static:
hix(t)*RXEQ(t)
-Dyn:

~

/

TXINbit() Analog “RXTX(Y]
AM(Ih:i];-uLlTalt)ion
\ 7|&(SerDes) AMI flow
AMI Tx
>
Tx Vin(t)
Static EQ TxModel{V,,(t)}

59)
(=]

A
(=]
o

»
»

Rising response

[S]

Vou(t)

DQ/CA
(Single ended)

DDR5 AMI flow

50

RxModel{V,,,(t)}

v

Falling response

AMI
Rx

DFE

Huwin
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| AMI Simulation : Single-ended (DDR5): Basic principle
= X-talk response F&
> HE Net| X-talk 20| CH$t Response FZ: Transient simulation X} 53} X &
> Zt Net' X-talkO] Z&HEl Waveform gHd

Rising/falling
response
-> Insertion + X-talk

O
['®)
o

DQO [\
o [\
M
DQ2 v
A | RQ3 M
P | Daa 0
R
Y

O
[®)
o

O
[®)
~

Channels |DQ7

Waveform




I SerDes/DDR Memory Tips & Solutions

AMI Simulation : Single-ended (DDR5): DC offest

= SerDes AMI: Differential signaling2 2 DC offset0] 812 (0V 7| = Swing)

= Single-ended AMI: DC offset @& EQ

> Rising/falling impulse response2t &7 DC offset 2t F& X AMI =0 H

Parameter: | DC_Offset
Al efore AMI Version 7.1

Required: o 3
Direction:  Rx

Descriptors:

Rising/falling

Usage: In response
Type: Float
Format: Value
Default: <numeric_literal> Delay-causal h..(t)
Description: <string> mii
Definition:  The input value of DC Offset is the mean value of the steady state high and low
voltages of the analog channel step response at the Rx pad.
Usage Rules: 1f the impulse response was generated by differentiating the analog channel step 6 >
response, then the input value of DC_Offset should be the same as the average of the step response To £
initial and final voltages. Time .
Tx — [S] —— | Rx

\_

Vin(t)

The EDA tool ignores the DC_Offset value specified in the .ami file. It is the responsibility of
the EDA tool to determine the input value of DC_Offset. The EDA tool may use any method
to do this. The EDA tool may use the input value of DC_Offset to post process data returned
by the AMI model to graphically compare the waveform output of Rx AMI_GetWave to the
input waveform without the DC_Offset subtracted.

52

g7 ER

AMI out

\ 4

DC offset




I SerDes/DDR Memory Tips & Solutions

AMI Simulation : Single-ended (DDR5): Forward clocking
SerDes AMI: CDR2 0| 830 LHEOIA clocking M= M’d (3 n}2t0|E: clock_times)
Single-ended AMI: External clock 41 (DQS)E 0| 83}0{ signal clocking (DQ)

BUFFER ISSUE RESOLUTION DOCUMENT (BIRD)

BIRD NUMBER:
ISSUE TITLE:
REQUESTOR:

DATE SUBMITTED:
DATE REVISED:
DATE ACCEPTED:

204
DQ_DQS GetWave Flow foi Clock Forwarding[Modeling

Walter Katz, The MathWorks
Fangyi Rao, Keysight
Wendem Beyene, Intel
Ambrish Varma, Cadence
April 22,2020

June 26, 2020

Rx DFE
w DQS clocking
R
DQO DQO €
2 SR o 13
. i —3| clock times
© DQS0 DQSO ®
[Dos TxDLL }—»t) >Qu| DQS Rx DLL}
. pe7 N 3
o | 7 NO o 13
]_. clock_times
Channel
DQ8 DQ8 €
0 @ N0 Thom 13
. . —3| clock times
 posi DQSI . @ ®
[DQS TxDLL }—»tf) >—u DQS Rx DLL}
. DQI5 DQLS N\ 3
B> < BEER
clock_times

Step 1: compute analog channel output according to IBIS 5.1-7.0 (crosstalk m
Step 2: compute output of all DQS Rx DLLs according to IBIS 5.1-7.0

Use either DQS Rx clock times or wave output values as DQ Rx clock times input values
Step 3: compute output of all DQ Rx DLLs

53
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AMI Simulation : DDR simulation (Transient)

IBIS model + Dram pkg + SoC pkg T°d
Write mode, 4266Mbps (Byte0/1 + CA)

Basic SI + Eye-diagram report

Dram_PKG

AP_PKG

DIE

v | BGA V|

Me WV |[soC V|

Channel configuration

60000 ‘
50.000 p— DMIO_A_DIE_1A_30_51
o
- 7 DQU_A_DIE_1A_13 51
40000 — \?,‘ 7
T S DO A DIE 1A 15 51
£
S 30000 DQ2_A_DIE_1A_17_51
[-4
= DO3_A_DIE_1A_19_51
20,000
DQ4_A_DIE_1A_32_51
10.000 DQ5_A DIE_1A 34 51
DQ6_A DIE_1A 36 51
0.000 DQ7_A_DIE_1A_38_51
000 010 020 030 040

Time [ns]

Basic Sl results

(

TDR, TDT etc.)

Voltage [V]

0.360
0.300 SNy
0.240
0.180
0.120
0.060

0.000 B

-0.060

0 0.03 0.06 009 012 015 0.18 0.21 024 027 03

Time [ns]

0.33 036 039 042 045

0.4

-0.4
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| Transient Simulation Build project :
= Build project
» Build -> IBIS analysis -> + channel -> Drag IBIS, Snp files -> Save & Import

E X
ACVS Channel

m » P G = R | —
PRl s | ks | mew i soedhaln S

Dram_IBIS
Dram_PKG

Y SoC.1BIS

SoC PKG
Atlanatyss et -

31>

ram s nes v o[E secms Transient Analysis raw data
Load profile
& £ X Project Build - O %
‘ Reset ‘ ‘ Save & Import ||
IBIS analysis AMI analysis 1BIS off
Dram IBIS Channel v [ Channel v o= SoC IBIS
| " IBIS_model.ibs [[loram_che 106 spsi0sp | | " SoC_CH1_Byte0.s26p | |1B1S_model.ibs
" Dram_ChA_10G_sp.s109p " SoC_CH1_Bytel.s26p

" S0C_CH1_CAs22p

| S0C_CHO_Byte0.s26p
| 50C_CHO_Bytel.s26p
" S0C_CHO_CAs22p

) #
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| Transient Simulation : Channel configuration

= Channel configuration by rule
> HBE Snp file2| net HZ U termination A2|

Channel

{0 'l s =

Channel model S-parameters Analysis 18IS Model specification simulation
Modal Import Configuration Verification Module IBIS Simulation Setup
|-
»
& Channel H— Channel —> b
v v v v

Net Information Group Management

Channel CHO

v

Right Net

All Groups by nie Edit Net selection rule(.ndef)

Group Net Type Left Net Net

Edit Grouping rule(.gdef) |

Edit BGA rule(.bdef)

Edit Multiport selection rule(.mdef)

RuleO] 87 E|X| 942 &Y

Detected BGA Pattern: Validation Check : Error

<Rule #3 £A{>
1.BGArule: neto| &&= 2t 7|9|E X
(ex. BGA, DIE)

¥ Channel Rule Check

Multiport selection rule

BGA rule - Net selection rule £l

Grouping rule

2. Groupingrule : nete| &3}
->Channel, Byte, CAE 27

Fude Contents

@ Gouping Fude  Please rite the channel Name.

@ Grouping Rue  There it o mitched grouping ne.

3. Net selection rule : H| £ LA neto| MH
(M2ts)

4. Multiport rule : Ct==2| DIE Z=Z10{| A MEH DIE
2H (M2ts)

v

X Snp Editor: Channel

Dram_ChA_10G_sp.s109p

1#HZSMARS0

2! Modal data exported

3! Port[1] = CAO_A_BGA_C6_S1

41Port[2] =CAD_A_DIE_1A 43_S1

51Port[3] = CAD_A_DIE_3A 43 S1

61 Port[4] =CAl_A BGA_E6_S1

7! Port[5]=CAl_A_DIE_1A 44 S1

8! Port[6]=CA1_A_DIE_3A 44 S1

91 Port[7]=CA2_A_BGA_D7_S1
10! Port[8] = CA2_A_DIE_1A_46_S1
11! Port[9]=CA2_A_DIE_3A_46_S1
121 Port[10] = CA3_A_BGA_D8_S1

<

Freg.Info |

v Port Termination

Header Editor

Y& 719/

: BGA, DIE

Save & Apply

Y{ Channel Grouping Rule

Input Rule file(."def)

C:AACVS_Test_LPDDR4\3_CH_Channel\GroupingRule.gdef

1 Syntax : RuleType(1:Channel, 2:Signal, 0:ignore) Keyword GroupDefine GroupDefineDetail("Group_NetType”, Ne ~

2 GroupingRuleName : ™"
31_ACHO
41_BCH1
5
62 DMIO ByteO ByteO_DMI
72 DQO Byte0 Byte0_DQ
52 DQ1 Byte0 Byte0_DQ
92 DQ2 Byte0 Byte0_DQ
102 DQ3 Byte Byte0_DQ
112 DQ4 ByteD Byte0_DQ
12 2 DQS5 Byte0 Byte0_DQ
13 2 DQ6 Byte0 Byte0_DQ
142 DQT Byte0 Byted_DQ
152 RDQSO_T Differential Byte0_DQS
16 2 RDQSO_C Differential ByteO_DQS
17
182 DMI1 Byte1 Byte1 DMI
192 DQ8 Bytel Byte1 DQ
202 DQY Byte1 Byte1_DQ

212 DO10 Rute1 Rvte1 NO
<

SIOMEE

Template ‘ Import || Export ‘

* Matched port (.snp file)

31_ACHO
40 _B CH1
5

2 GroupingRuleNar

62 DMIO Byte0 Byté
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Transient Simulation : Channel configuration
= X2 e =

YK ACVS (Advanced Channel Verification System) v2.1.7

Channel model

Model Import

Net Information

Channel

Analysis

verification Module

1BIS Model Speification Simulation
1815 Simulation Setup
Channel — Channel —

DE V| 8GA v

Channel CHO

Group Net Type Left Net Net Right Net

Byted oM DMID A CHO_DMID i

Byted oQ DA CHO_DQ_O

Byted oQ D1 A CHO_DALT

Byted [ Da2_A CH_DQL2

Byte0 [ Da3 A CHO_DQ3
Detected BGA Pattern: BGA

Me- W | SC W

Group Management

Al Groups by rule Edit Net selection rule(.ndef)

CHO_Byted

CHO_Byten Edit Grouping rule(.gdef)

CHO_CA
£dit BGA rule{.bdef)
CHO,_Differential

Edit Multiport selection rule(.mdef)

Validation Check : DONE

v

¥ Net Connection Editor

Channel CHO v
Group  Net Type Channel Channel
DMI DMIO_A CHO_DMI_O
Byte0 pQ DQO_A CHO_DQ_0
Byte0 DQ DQL_A CHO_DQ_1
Bytel DQ DQ2_A CHO_DQ_2
Byte0 DQ DQ3_A CHO_DQ_3
Byte0 DQ DQ4_A CHO_DQ_4
Bytel DQ DQ5_A CHO_DQ_5
Byte0 DQ DQ6_A CHO_DQ_6
Byte0 DQ DQT_A CHO_DQ_7
Byte0_D..  DQS RDQS0_T_A CHO_RDQS_T_0
Byte0_D... DQs RDQSO0_C_A CHO_RDQS_C_0
Bytel DMI DMIL_A CHO_DMI_1
Bytel DQ DQ8_A CHO_DQ_8
Bytel DQ DQ9_A CHO_DQ_9
Bytel pQ DQI10_A CHO_DQ_10
Bytel DQ DQILA CHO_DQ_11
Bytel DQ DQI2_A CHO_DQ_12
Bytel DQ DQI3_A CHO_DQ_13
Bytel DQ DQI14_A CHO_DQ_14
Bytel DQ DQI5_A CHO_DQ_15
Bytel D... DQs RDQS1_T_A CHO_RDQS_T_1
Bytel D... DQs RDQSL_C_A CHO_RDQS_C_1
cA ADDR CAO_A CHO_CA_0
CA ADDR CAl_A CHO_CA_1
CA ADDR CA2_A CHO_CA_2
cA ADDR CA3_A CHD_CA_3
CcA ADDR CA4_A CHO_CA_4
CA ADDR CAS_A CHO_CA_S
cA cs CS0_A CHD_CS_0
CcA cs CS1A CHO_CS_1
CA_Diff CLK CK_T_A CHO_CK_T
CA_Diff CLK CK_C_A CHO_CK_C




I SerDes/DDR Memory Tips & Solutions

Transient Simulation : &4 &

Simulation &%
> Basic SI, IBIS simulation

¥ ACVS (Advanced Channel Verification System) v2.1.7

ACVS
0

Channel

s

]|

O

X

Header editor ‘

>

Progress status
Channel model S-parameters Analysis I1BIS Model Specification Simulation
Model Import Configuration Verification Module IBIS Simulation Setup ﬁ <
Verification Items Select Verification Setup
Channel Loss [ TDR/ TDT v ‘ ‘ IBIS analysis v | ‘ Edit Verification rule(.vdef) | | Apply rule
AMI analysis v

Verification Setup View
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| Transient Simulation :

IBIS &%

Dram: RxODT 60 MEH, SoC: TxModel48 41EH
Write mode M1, Hawk-eye Fast 414

'Add’ click

>
>
>

YX  Acvs (Advanced Channel Verification System) v2.1.7

Channel
m ” Dm ﬂ @ Progress status ‘ Header editor ‘
PRBS setup
Channel model S Analysi: IBIS Model Specification Simulation
0 ( ) Analysis engine Hawk-eye v
Model Import Configuration Verification Module IBIS Simulation Setup
Hawk-eye
IBIS analysis AMI mode PRBS
Mode setup PRBS setup @ 1B1< Manual

Auto Selection Auto delay removal

PRBS setup

Dram IBIS Pkg (®) 15 () Load Analysis Case ]_) Hawk-eye

Net Type IBIS F:el Compo;elnt Signal Name Selector : Mfc]vdel ] o comer # ‘ Net Group ‘ Mode . Pseudo-worst blt pattern

DQS IBIS_model.i... IBIS_model  CAO - Do RxODT_60@[GC:59.68, PC:Im - Input  typ - . .

DQ IBIS_model.i... IBIS_model  CAO - D_IO RxODT_60@[GC:59.68, PC:Inf] - Input typ - I Wiz (FaSt/optlmal/StnCt)

DMI IBIS_model.i... IBIS_model  CAO - DI RxODT_60@[GC:59.68, PC:Inf] - Input typ -

CLK IBIS_model.i... 1BIS_model  CAQ - D_I0 RxODT_60@[GC:59.68, PC:Inf] - lnput typ - 2)PRBS

ADDR IBIS_model.i... IBIS_model  CAO - D10 RxODT_60@[GC:59.68, PC:Inf] - Input  typ - . . .
.

CKe  iBis_modeli. isismodel | CAO  + DIO RXODT_60@IGC:59.68,PCin] < mput - : Linear feedback shift register

CcS IBIS_model.i... IBIS_model CAO0 - D_IO RxODT_60@[GC:59.68, PC:Inf] - Input typ -

SoC IBIS Pkg Net delay i (®) 1S () vPulse 3) Manual

Net Type IBIS File Component  Signal Name Selector Model I:‘ 1/0  Corner . User bit pattern

DQS IBIS_model.i... IBIS_model  CAO - Do TxModel48@[PU_2:47.91, PD_Z:47.74, RT:6E-11ns, FT:6.9E... 1/0 typ -

DQ IBIS_model.i... IBIS_model  CAO - D10 TxModel48@[PU_Z:47.91, PD_Z:47.74, RT:6E-11ns, FT:6.9E... 1/0 typ

DMI IBIS_model.i... IBIS_model  CAO - DIO TxModel48@[PU_Z:47.91, PD_Z:47.74, RT:6E-11ns, FT:6.9E... 1/0 typ

CLK IBIS_model.i... IBIS_model  CAO - D_IO TxModel48@[PU_Z:47.91, PD_Z:47.74, RT:6E-11ns, FT:6.9E... 1/O typ

ADDR IBIS_model.i... IBIS_model  CAO - Do TxModel48@[PU_Z:47.91, PD_Z:47.74, RT:6E-11ns, FT:6.9E... 1/0 typ

CKE IBIS_model.i... IBIS_model  CAO - D_IO TxModel48@[PU_Z:47.91, PD_Z:47.74, RT:6E-11ns, FT:6.9E... 1/O typ

cs IBIS_model.i... IBIS_model  CAO - DI TxModel48@[PU_Z:47.91, PD_Z:47.74, RT:6E-11ns, FT:6.9E... 1/ typ

Status Process Complete ‘ Add | ‘ Delete ‘ ‘ Modify ‘
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H Transient Simulation : &44 MEH
= Data rate, Mask, 7|E} 278

Channel
m ' ng ﬂ E Progress status ‘ Header editor ‘
Channel model S-parameters Analysis IBIS Model Specification Simulation
Madel Import Configuration Verification Module 1BIS Simulation Setup
Select Data Rate Specification

Name : LPDDR4 4266 Mbps -
Rule Setup [ eatrue [ aopyrue | Standard : LPDDR4
DataRate : 4266

Spec |LFDDR4 4266 Mbps v CA_Operation : SDR
CA_DataRate_Divider: 2

Half_UI_Shifting_Read :

Analysis List Half_UI_Shifting_Write : DQS
LPDDR4 4266 Mbps Forward_clocking_Byte_On:1
Forward_clocking_Byte_Read : DQS
Forward_clocking_Byte_Write : DQS
Forward_clocking_CA_On: 0
Forward_clocking_CA_Write : CLK
Byte_MaskHeight : 0.07
Byte_MaskWidth_Setup : 0.17
Byte_MaskWidth_Hold : 0.07
CA_MaskHeight : 0.13
CA_MaskWidth_Setup: 0.1
CA_MaskWidth_Hold : 0.1
MaskShape : 2
ByteGroup : DQ DMI

CAGroup : ADDR CKE CS
Delete
Delete All
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Transient Simulation : 244 AlsH

Run

> Sz M X% Save profile click

Y¥{  ACVS (Advanced Channel Verification System) v2.1.7

ACVS

Channel model

Model Import

i}

S parameters

Configuration

Header editor

Progress status ‘

o] <[]

Channel
Analysis 1BIS Model Specification Simulation
Verification Module 1815 Simulation Setup
Channel — Channel

2

>

profile X & % Run

Save profile

61

Y Progress Status - O X

Progress : Channel Loss / TDR / TDT

— &%

Progress : IBIS analysis.

Log

[2022-05-10 17:15:29] Start Channel Verification

[2022-05-10 17:15:29) Import path : C:\ACVS_Test_LPDDR4

[2022-05-10 17:15:35] Start CombineSP (Component : Channel, Channel : CHO)
[2022-05-10 17:15:40] CombinedSP result : C:\ACVS\J¥Cho\Channel_analysis
3_CH_Channel_CHO_combined.s52p

[2022-05-10 17:15:40) End CombineSP (Component : Channel, Channel : CHO)
[2022-05-10 17:15:40) Start CombineSP (Component : Channel, Channel : CHO)

Simulation ZI¥

1_DD_Dram_Driver

2_DP_Dram_PKG | Channel_Verificaticn_Result_v2.1.7 xlsx
3_SP_AP_PKG ) |BIS_Simulation_Result_v2.1.7 xlsx
4.5D_SoC Driver &) 1BIS_Simulation_Result v2.1.7_Full xlsx
ACVS_Results_202205101352

profiles

Report X5 44
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| Transient Simulation : PCle Gen5 (Differential AMI)

= AMI model + PCB 74
= Basic SI + Eye-diagram report

PCB_Borad

uls v

v

Channel configuration

TDR

OP_1_PCIE_TX_P_0_U12_1/0P_1_PCIE_TX_N_0_ U111

120.000

100,000

80.000

r'?_

60.000

TDR [ohm]

40,000

OP_1_PCIE_TX_P_0_U12_1/0P_1_PCI

20,000

ETX_N_0_U11_1

000

050

100 150 200 250

Time [ns]

Basic Sl results
(TDR, TDT etc.)

>

Voltage [V]

-00.2
-00.4
-00.6

-01.0
-01.2

01.2

01.0

00.8 B e
00.6 T

00.4
00.2
00.0

0.09

012 045 048 021 0
Time [ns]

0.27

Eye-diagram results
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| Transient Simulation : PCle Gen5 (Differential AMI)
= Build project

> Build -> AMI analysis -> + channel -> Drag IBIS, Snp files -> Save & Import

E X
ACVS Channel
m » P G = R | —
mmmmmmm s | SR o e
D
e Project Manager

Bui Mod
v
Import Model (Full Model)
~

Reset Save & Import
IBIS analysis AMI analysis 1BIS-AMI off

Tx IBIS-AMI Channel \: Rx IBIS-AMI

¥ Project Build

IBIS analysis

Tx IBIS-AMI

|| Huwin_AMI_nc_64.d1l

) Huwin_AMI_tx.ami
"] Huwin_AMI_tx_64.d1l
| ") Huwin_aM1.ibs

[ Huwin_AMI_nc.ami

AMI analysis

Channel

| " Boards12p

Rx_AMI

Tx_AM|
PCleraw data

X

‘ Reset | | Save & Import ‘

Rx IBIS-AMI

|| Huwin_AMI_ncami
" Huwin_AMI_rx_64.dIl
") Huwin_AMI_tcami
" Huwin_AMI_tx_64.dIl
") Huwin_AMLibs
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| Transient Simulation : PCle Gen5 (Differential AMI)

= AMI A
> IBIS B MEH ol AM| A7 =2 'Add’ click

¥ Acvs (Advanced Channel Verification System) v2.1.7

Channel
m ‘ mm @ Progress status Header editor
Channel model S-parameters Analysis 1BIS Model Specification Simulation ’El ¥ AMI Information of IBIS Model O
Model Import Configuration Verification Module IBIS Simulation Setup
1BIS Model
IBIS analysis
AM file {.ami) Huwin_AMI_tcami
Mode setup Status
Net Group CHO_Differen--- v Mode Forward W Process Complete Item Name i i Format Detault Value Description
info Boolean True True "AMI_init{) function returns an impulse respo...
Getwave_Exists info Boolean False False “aM_Getwave() function does not exist”
Auto Selection Auto delay removal Use_Init_Output(N/A) Info Boolean False False “The output of the AMI_Init{) function is used”
Max_init_Aggressors info Integer 2147483646 2147483646 “The maximum number of allowed crosstalk ...
. Y info Float 1 1 TV
TxIBIS Analysis Case TX_CORNER in String Comer Typical” “Typleal - “AMI model simulation corner”
NetType  IBISFile  Component SignalName Selector Model [J wo comfr M e Mode s " g Swps ! ! 2 T itver sing seting”
DQ Huwin_AMLi... hw_ibis ™P - None tx@[PU_2:50.00, PD_Z:50.00, RT:-ns, FT:-ns] output typ |- |@
1 CHO Differential Forward
SynC with IBIS-Comer  typ & Default Apply
RxIBIS
Net Type IBIS File Component  Signal Name Selector Model [ wo  comer AMI A-]I-' ﬂ §|.°I al ma
DQ Huwin_AMLi... hw_ibis RX_P - None @[GC:Inf, PC:Inf] nput typ - @ =2 o = = X =
Add | | Delete | ‘ Modify
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| Transient Simulation : PCle Gen5 (Differential AMI)

= Run
> Sz M X% Save profile click

w
ACVS Channel

] v [ = -

Channel model S-parameters Analysis 1815 Model specification simulation @ |:

Madel Import Configuration | Verification Madule 1BIS Simulation Setup

Y Progress Status — (] X

Progress : Channel Loss / TDR / TDT

— &%

Progress : IBIS analysis.

Log

[2022-05-10 17:15:29] Start Channel Verification

[2022-05-10 17:15:29) Import path : C:\ACVS_Test_LPDDR4

[2022-05-10 17:15:35] Start CombineSP (Component : Channel, Channel : CHO)
[2022-05-10 17:15:40] CombinedSP result : C:\ACVS\J¥Cho\Channel_analysis
3_CH_Channel_CHO_combined.s52p

[2022-05-10 17:15:40) End CombineSP (Component : Channel, Channel : CHO)
[2022-05-10 17:15:40) Start CombineSP (Component : Channel, Channel : CHO)

Simulation ¥

profile X & % Run

1_TD_Tx_Driver
2_PB_PCB_Borad
3_RD_Rx_Driver

ACVS_Results_202205111050 AMI-IBIS_Simulation_Result_v2.1.7 xIsx

profiles Channel_Verification_Result_v2.1.7.xlsx

D VerificationRule.vdef

Report X5 44
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| Transient Simulation : DDR5 simulation (Single-ended AMI)

IBIS model + Dram pkg + SoC pkg T°d
Write mode, 4800 Mbps (Byte0/1)
Basic SI + Eye-diagram report

AP_PKG

SoC

v | BGA V|

Channel configuration

Tx
Dram_PKG
Dram
DIE
60000 ‘ ‘
50000 — DMIO_A_DIE_1A_30_51
N e
s 7 DQU_A_DIE_1A_13 51
40000 — \?,‘ 7
T S DO A DIE 1A 15 51
£
S 30000 DQ2_A_DIE_1A_17_51
[-4
= DO3_A_DIE_1A_19_51
20,000
DQ4_A_DIE_1A_32_51
10.000 DQ5_A DIE_1A 34 51
DQ6_A DIE_1A 36 51
0.000 DQ7_A_DIE_1A_38_51
000 010 020 030 040
Time [ns]

Basic Sl results

(TDR,

TDT etc.)

v soC V|

Voltage [V]

0.400

0.350

0.300

0.250

0.200

0.130

0.100

0.050

0.000

-0.050

0

003 006 009 012 015 018 021 024 027 03 033 036 039
Time [ns]

0.4

-0.4

Eye-diagram results
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| Transient Simulation : DDR5 simulation (Single-ended AMI)
= IBIS &%
> AMI mode &%: Signle-ended AMI =4 XI&Y
> MEE 4% 2k Write mode, PRBS 2216

Channel

m ' B% [&] Progress status Header editor ‘ ¥ AMI Information of IBIS Model — O
Channel model S-parameters Analysis 1BIS Model Specification Simulation
0 ( > [Dram][DQ] Case: 1(Write mode]
Model Import Configuration Verification Module IBIS Simulation Setup
18IS Model
IBIS analysis AMI mode A1 file (ami) Huwin_AML_ncami
Mode setup PRBS setup AMI fle (.l Huwin_AM_rx_64.dil
Mode Write v Analysis engine PRBS v Option 2716 v
e — R Ttem Name: Ussge  Type  Format Default value Description
Boslean False False “AMI_Ini]) Function daes notretur an impul..
+ Bodlean True True "AMI_Gatiavel) function exists"
Auto Selection Auto delay removal e et B e e e B e
\gnore_gits oo integer 20000 20900 “The number of bits ignared to allow time for ..
2 Maxnit_Aggressors infa integer 247483616 4433606 “The masimum number of allowed crosstalk ..
Dram 8IS kg @ [t Load Analysis Case RX_CORNER n swing  Comer  “Typical" “Typical® = "AMImodel simulation comer
Net Type IBIS File Component  Signal Name Selector Madel Iz‘ I/0  Corner + ‘ Net Mode
DQS IBIS_model ... 1BIS_model  CAQ - D10 DQS_ODT_60@[GC:59.68, PC:Inf] - Input typ /
DQ IBIS_model_... IBIS_model  CAO - D_IO DQ_ODT_60@[GC:59.68, PC:Inf] * Input typ -+ CHO Wiite
DMI IBIS_model_... 1BIS_model CAD -~ DO DQ_ODT_60@[GC:59.68, PC:Inf] = Input =
v [ P———
M 2k
AMI 2% Zt gel
SoC 1BIS Pkg Net delay (®) BIS v Pulse
Net Type IBIS File Component  Signal Name Selector Model |:| I/0  Comer
DQs IBIS_model_... 1BIS_madel CAO - Do DQS48_I0@[PU_Z:47.91, PD_Z:47.74, RT:6E-11ns, FT:6.... - 1/O typ <[
DQ IBIS_model_... IBIS_model  CAQ - D10 DQ48_I0@[PU_Z:47.91, PD_Z:47.74, RT:6E-11ns, - 1o typ - O
DMI IBIS_model_... IBIS_model CAD - Do DQ48_I0@[PU_Z:47.91, PD_Z:47.74, RT:6E-11ns, - 1jo typ - |©

Status Process Complete Add || Delete || Modify |‘
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Transient Simulation : DDR5 simulation (Single-ended AMI)

Data rate, Mask, 7|E} A&
X%E 4% 7t DDR5 4800 Mbps

YX ACVS (Advanced Channel Verification System) v2.1.7

il

Channel model S-parameters

Model Import Configuration

Channel

Analysis

Verification Module

P 7]

1BIS Model Specification

1BIS Simulation Setup

£

Simulation

Progress status

‘ Header editor ‘

0O

<

>

Select Data Rate

Rule Setup

Spec

‘ Edit Rule

‘ ‘ Apply Rule ‘

‘DDRS 4800 Mbps

v ‘ Add to List ‘

Analysis List

DDRS 4800 Mbps

Delete All

Specification

Name : DDRS 4800 Mbps

Standard : LPDDR4

DataRate : 4800

CA_Operation : SDR
CA_DataRate_Divider: 2
Half_UI_Shifting_Read : DQS
Half_UI_Shifting_Write : DQS
Forward_clocking Byte_On:1
Forward_clocking_Byte_Read : DQS
Forward_clocking_Byte_Write : DQS
Forward_clocking CA_On:0
Forward_clocking_CA_Write : CLK
Byte_MaskHeight: 0.07
Byte_MaskWidth_Setup:0.17
Byte_MaskWidth_Hold : 0.07
CA_MaskHeight: 0.13
CA_MaskWidth_Setup: 0.1
CA_MaskWidth_Hold : 0.1
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| Transient Simulation : DDR5 simulation (Single-ended AMI)
= Run

¥ Acvs (Advanced Channel Verification System) v2.1.7

Channel
8] v B =

Channel model S-parameters Analysis IBIS Model Specification Simulation @ E |z| X Progress Status — D x

Model Import Configuration Verification Module 18IS Simulation Setup

Header editor

Progress status ‘

Progress : Channel Loss / TDR / TDT

— %

Progress : IBIS analysis.

Log

Channel —> Channel —
[2022-05-10 17:15:29] Start Channel Verification
[2022-05-10 17:15:29] Import path : C:ACYS_Test_LPDDRA

[2022-05-10 17:15:35] Start CombineSP (Component : Channel, Channel : CHO)
[2022-05-10 17:15:40] CombinedSP result : C:AACYS\J¥Cho\Channel_analysis
\3_CH_Channel_CH0_combined.s52p

[2022-05-10 17:15:40) End CombineSP (Component : Channel, Channel : CHO)

[2022-05-10 17:15:40) Start CombineSP (Component : Channel, Channel : CHO)

Simulation ¥

Run
1_DD_Dram_Driver
2_DP_Dram_PKG | Channel_Verificaticn_Result_v2.1.7 xlsx
3_SP_AP_PKG ) |BIS_Simulation_Result_v2.1.7 xlsx
4.5D_SoC Driver &) 1BIS_Simulation_Result v2.1.7_Full xlsx
ACVS_Results_202205101352
profiles

Report X5 44
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B SnpView.com

Huwin Web-Based Free SnP view/heal/share, TDR, Eye Diagram, 2x THRU de-embedding
Plan to add IBIS, IBIS-AMI simulation

@)[Slnpview e m m m B e

Iy SNP Files #= Options (Iy Charts Actions v

o Port Type : Thru fixture Z0 Chart Plot
O 2Ports ® 4 Ports (CMixed Mode) ® auto O manual |—5” Ohm [+]

Thru fixture symmetry

™ Single View O symmetry @ weak asymmetry ﬂ
De-embedding frequency step
™ De-embedding @ aute O manual |20 MHz Worst-case eye-diagram
export(login)
Fixture ® off O on
®  from Thru fixture
Load File D
hurt
#= Options 5
O from left/right fixture
Left Fixture - ® Chart Type :
@8 O Mag O Real 0 560 1600 15‘00
Load File Reverse O Imaginary O Phase
Right Fixture
O TDR D psec(time)
Load File Reverse
O TDT
O Eye-diagram Detail Info
Fixture+DUT+Fixture : ® [ o0ad Port & Source Port o
Load File ® s(1.x) ® Sx.1) =
O 8(2x) O 8(x.2) T11
O s(@x) O sx.3) 57
O 814x) O S(x4)
56
W Cascading (repeat—_rep_n~—) 55
Eal
5 54
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