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I SerDes/DDR Memory Tips & Solutions

B 5Generation :

~50GHz - >

Expected to implement equalization

u PCle Gen6, USB4, 100G petlane Ethernet and OIF/CEI
U DDR5, GDDR6, GPHY

SimX

New simulation techniques required
U Statistical analysis to predict behavior over millions of bits
U IBISAMI can be used to model the equalization

Forwarded clock problem
U Timing and voltage margins are specified at an extremely low BER(1E -16)
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B 3D EM Modeling
Ansys HFSS HPC: Two+ Decades of Innovations ® r ( J

* 1990 HFSS v1.0 * 2012 HFSSv14 * 2017 HFSSR18 Q
- Automatic adaptive meshing - Finite Antenna Array DDM - Broadband adaptive meshing
- Gold standard accuracy and reliability - Hybrid FEM-MoM solver - S-parameter only solve, 90% fast, MCAD Hlerarch@ 3D IC Meshln System ED
. 1999 HFSS v7 HFSS-IE Physical Optics (PO) asymptotic solver - Multi-level HPC, Parameters-Fre| g Automation
- Matrix multi-processing ¢ 2013 HFSS 15.0 ¢ 2018 HFSS R19 Componen
- Improved matrix multiprocessing, up to 2X faster - Improved GPU for FD, up to 50% impro -
* 2005 HFSSv10 matrix solves matrix acceleration O ( )
- Spectral Decomposition Methed (SDM), for parallel - Improved parallel frequency sweeps with MPI - HFSS SBR+ GPU support, up to 5x spee
frequency points interconnect antenna placement studies O Q
- Distributed Solve Option (DSQ), for parallel design
points * 2014 HFSS R15.0.3 * 2019 HFSS 2019R2
Distributed Matrix solver - Microsoft Azure Cloud Deployment d Q3DDCR
+ 2007 HFSS v11 _ Encrypte
- Hierarchical HPC, Parameter w DDM - Fast HFSS Solve auto-setup option M esh ECAD ~
- lterative matrix solver . F
- Geometry-aware Phi mesh, fast meshing for layered 3 D {
e * 2019 HFSS 2019R3 q +
e Multi-cell 3D C t Al DDM FUSIon
- i = ulti-cel omponent Arra
_ Domain Decomposition (DDM) GPU support for HFSS transient P! Y Componen S MCAD
- Mixed Order Elements * 2015 HFSSR16 * 2020 HFSS 2020R1
« 2010 HFSSv12.1 Rescale & Nimbix Cloud deployment = :mproveg Zi;t;ibu:d freque:cy;;}r:;ap-
- - 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 R
* 2011 HFSSv13

Finite Element — Boundary Integral (FEBI) T At H FSS 3 D CO m po n e nts In Layo ut

Introduction of Savant SBR+ S¢

- Multi-core TAU Mesher, field recovery, and fields
post-processing - GPU for frequency domain sol

H"

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 Propertes =
Name [ Vale | Unt [ Evauated Vaue| [~
AntiPadDi... 71 mil Tmil
| AntiPadStep 5 mil Sl
- Connector... 300 mil 300mil
* Note: encrypted component | o= 2
support available in 2021R1 | |sowsra. 05w s
InnerRadius 25 mil 25mil
InnerStat 20 mil 20mil
OuterRadws 81 mil 81mil
Pinlength 50 mil 50mil v
3D Component Data_Param Values [Component | ¢y
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& Characterization :

File Instrument Response Stimulus Utility Help
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| & Characterization :
x N g’ AT N F
U PCBLe = °'E fit &=y PCBr T&=r7 N
V., \+" _nQn: TDR" ' x_ A -’ -"-delay\l=|= 3
V.o PCBr.t:t 1§ >7 00+ 9%

i £tesy PCB UF+ A \&F"
VPCB Or/ 4d 3 -4, OL trace STNT = e s €t °

adk AN 4t A %H@eo'"x T =FE+tat etn "~ >La.
-Lll @ “ " iz n Q J )
V PCBtraceDmW K ¢ ¥Yq4 U/ §a twUqg €N" eY
Promising results on main challenge:
High Speed Applications SR structuring 30/30um
From LAB to FAB . 3‘ == * 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

12um Cu foil
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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 4pm % |
Isola Astra 3.0 Dk 3 0,0017 2pm B
< PTH's | [ = |
E Laser Vias 5| ] = 5|
= Filled Vias | ) = |
3 Deep Drilling 5 = 5 5
Homogeneous = | i | B
o Hybrid not required| not required 5 5|
ﬁ Asymmetric not required| not required | not required B
A Hybrid
i Panel Plating +;5-Hzr;% +;5-Hzrcl:% +;5-“zron% +;Ei:?%
o
& g8y
_g £ ﬁ- % Semi Pattern S0Hm S0 S0 S0pm
- 5 v 5 +/-10% +/-10% +/-10% +/-10%
£ £5°
& A Semi Additiv 30pm 30pm 30pm 30pm
+/-7pum +/-7pum +/-7pum +/-7pum
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H PCB : PCB

x HFSS Ay 'A O - € PCB relative permittivity € time delay, dielectric loss tangent €
insertion loss? =|= o 4 ‘
x PCBA 7’ AT N X
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] = Sefup! - Sweep
90.004 -5.004 " =
mio
Hame X ¥ mr
] m1 0.0010 -0.2732
8000 | -10.007 | 2 0.0010  -0.3085 e o
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m9 0.1000 -5.8190
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H PCB : De - embedding
x DU N a»x % 7 ° — F -~ € PCBY T fixture"
x DUT" Y/ wmk . 1/ A5 probeQ=/ couplmg=|= eV . %U/ :‘:L + %
x Fixture + DUT + fixture _ w/ A,  fixture "EL &£. 4 DUT

x Fixturem 0 7 7 2Xthrun Np o Fixturer 5 @" _

TDR Characteristic Impedance
Ao > A1+ Az

o)
o

=
) t
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& o A
N < | o
B DI -
| § l

=2X-Thru with 800 mil TX line
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B PCB
x 2Xthru N 7 7’

o 1 1 E [ - 1 N 7 S11LogM 1 1F iF - i I
o /'Y 'S [ [ R — O
20 e . L T - 20
a0 } 1 } - - i’ 30
- N by
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o Wbl L -i.“ Tent ) L
wop—t VN T A L SRR .
| "\|TI1 'f M T
-0 I
. I De-embedding F T =1 ‘ De-embedding = |
4 . *Ch1l S-Laﬂ 50,0000 MHz — — I 3‘_!:9 Lﬂwmﬂﬂz 4 N ;-Chl slaur-snmmml-;—— i i I I Stop lliﬂmﬁrlf
2xThru fixture de-embedding FZ IL/RL
. T = _____ T »
2XThru fixture
f ] De-embedded
|
[
i Transmission-line
SM | |
SNIA | De-embedding i t | De-embedding =& r
1 I I m " I | )
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H PCB

x DUTA A °

4

[ —
T 511 LogM 10.00dE 40 0o M1 [ 40 OdE
10 | T T T T. 4000 GHz EFILE 0
[ 0
10 1 10
AN
20 . 20
1
20 I 30
M
-0 ¥ + 4 40
50 0
60 50
T0 -0
[
a0 . 80
De-embedding ™
-0 80
=Gl Start 50 0000 MHz — — 5t0p 400000 GHZ 4

De-embedding &

»Cni: Start 50,0000 MHz — —

Siop 40,0000 GHz

Fixture+DUT de-embedding ®% IL/RL

[ hxfixt

=

lre

= |

X fixtur

I

w

DUT|

I De-embeddiné il }
I T

-

il

DUT

De-embedding £
| I

Fixture+DUT de-embedding 2% TDR
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H 3D
x M7 71T &1 ABE, " 1 =m®PN B v/ i) ANBFET" R T Ew
wasT"x ¢+ ALlf, & 1 %HEFng
~ o £ = L . v 2 7 v v )
X =P~ 0o 1 VB E via, socket, connector ¥ 1 O, T71 7 +d1 | K& s 4
U ' ’E'"' 5 L - n 4 8 U:t—
x kg AB_ "Eq Sparametery 7 T 4\ VB TA+ T"x - 3D Al O s
ETATL %
xoogyBL3ap Al+. 4« TA €€1+">» 3 nr A v-L - 30 A+ %
STL CO 4 avw o KEHOF %
x We o o+ PCBtracd€ Slwave' ' & " PackageF -~ E PCBp top/ "A bottomy T 7 ° HIE
w € HFSS 3D layout, connector ¥ + 3D, \ 1 STEHFSS o €1+ ' a4
A HI
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B Stack up

via

x StackupkE PCBO,
U HFSS 3D A/

x Via g OIE via ¢

u

g @

Layer Stackup Layer Stackup
Editor Wizard

B Layer Stackup Editor

layout data/ #

Edit Toals

&y Dislectic Fil Diglectic con... Losstan.. Transluce.. Elevaton imm)  Roughness (n
1 ] I

C.. Name pe 4 Thickness (mm) Oy Materisl  Conductivity (.
SURFACEL. DIELECTRIC 0 AR ]
m  DIELECTRIC.. DIELECTRIC 0023 PRt 0 45
@ TR METAL 004 COPRER 6 S65E07 P-4 45
w  DIELECTAIC.. DIELECTRIC 017 FR-L0 i35
B [EGND METAL 0,034 COFPER 59595407 FR-40 45
DIELECTRIC... DIELECTRIC D46 FR-4.1 45
O G METAL 003 COPPER 5 SB9E0T FR-42 45
L] DIELECTRIC .. DIELECTRIC 017 FR-4 45
@ BOTTOM  METAL 004 COPPER 50T FR-4 45
B DIELECTRIC.. DIELECTRIC 0023 FR-4 45
®  SURFACEZ. DIELECTRIC 0 AR 1] 1
<
A | Delete {Mave Layer(z) st Selcted Layer(s)
ol b Coke = Diedectric Pl
SRem T = Name = Transhucency
Te Tdness
u sacd Loy wareral - Rasghress
seectal DIELECTRIC v layers  [scheme-1 Save Curent Clor Scheme | Color scheme [ s1s v

[ thimess change affects de devators £t Materal Properties

ImertStadap  []ConformalCoat  Units  mm

N n

Y ' K€ layerlE £ -

N s

Edit Padstacks w

Q X

Solderball  Edit

oHR QL ¢

) Padstack Editor

Cross Sectional

—

Properties Materials Padstacks

0025 0.977
005 0 [
0019 L7B4
00198 &0 073
0oIm 0.2
[ 0 0.5%
DIg2 0,065
(13 &0 0023
0025 0

o 0

B

Top-Down View

20 R0 F
A0 KD b

20, R0

40 B0

AL
r

VY /

Polygonal Pad Edt

P

Croaseten v

X
View Padstack(s) Padstack Propertes
PADOT 02 0D0_5X15 iz Matena
PAD-TP551200 Name:
PA
Via Piating
@PRato | R
© Posolte
La Pad Antipad Themal Relief Pad i
= s el %W-Element Analysis
b Crole (R:0.25) Circle (R: 0.295) None
DIELECTRIC_BE... Crdle (%:0.125) Nore None
02GND Crele (R:0.25) Crele (R: 0.295) Nane . .
DIELECTRIC_BE... Crdle (R:0.125) None None M Backdrill Settin L%
03GND Crdle (R:0.25) Crdle (R: 0.295) None
DIELECTRIC_BE... Crcle (3:0.125) None None
B Crdle (R:0.25) Ccle (R: 0.295) None
Select Al Metal Layers Select Al Dilectrc Layers
Pad Propertes Artipad Pronedias Thermd Relick Pad Proructics
e B S Shape] ) Backdrill Settings
Rad Rach
s = R % v Pin LayerSpan Top Backdill Bottom Backdrll -
et | PA 2 Net: DN_TX_CPRI_SFPP1
Ovcsonzsze 3 . Padstack: V_C50H25_67
Update CJV-Caoros 33 15,625 40,2 top - bottom To: ld-gnd, D: 01, §: 0.2
[v_csoH25_34 .5 795 top - battorn To: IN4-gnd. D: 0.1, 8: 0.2
A T [v_csor2s_35 4 Net: DN_TX_CPRI_SFPP5
[Jv_C50H25_36 4 Padstack: V_C50H25_67
DH;Q:;};@ 85,65 40,2 tap - bottam Ta: Id4-gnd. D: 01, §: 0.2
Ehmzﬁg 85 795 tap - bottom To: I0d-gnd, D! 0,1, §: 0.2
= CV-csonzs 40 4 Net: DP_TX_CPRI_SFPP1
1 v Co0Hzs 41 4 Padstack: V_C50H25_67
at [y X
| [Ov_csoH2s_42 16,426 d0.2 top - bottorn To: I04-gnd, D: 0.1, 8: 0.2
or [Jv_csoH25_43 5 8.5 top - bottorn To: I04-gnd, D: 0.1, 8: 0.2
] [Qv_csoHzs_44 4 Net: DP_TX_CPRI_SFPP5
=l Eﬁgg:ig{g 4 Padstack: V_CEOH25_67
or [Clv_csoras 47 86,625 40.2 top - bottorn /N To: INd-gnd. D:
> v csizs 48 85 805 top —bottom 1 To: I04-gnd. D:
[CJv_cooH2s_42 i 1y
\ [Cv_csoH2s_s0 1 -1
[Jv_csoH25_51 i
[Ov_csoH2s_s2 =
[Jv_csomz5_53
[Jv_csoH2s_s4
[Jv_csoH2s_55
[Jv_Cs0H25_56
o [Jv_csoH2s_s7
- [Jv_csomz5_58
EU S0H25_59 Backdil Top Backdil Bottom
V_CS0H25_60
prmg v | [JvcsoHzs et From Top To Layer: |- ~ From Bottom To Layer: | 104-gnd N Select Al unselect All
s Synchronize Net Visbilit Dameter: [ | om Expand Al Collapse Al
Osy xpa P
) ey = T

Layer Stackup Wizard
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B Slwave HFESS 3D layout : Slwave reqion

x Slwavd€ N 54 region ' L HFSS3Dlayoutt A I€.

it 3D A _ ' L oregionq 1 & 5

x Region& 8 A D

U Regionk Slwave portn £ A" R
G .’ . 3 E HFSS3D layout port £ ﬁ=|= | U
. 3/ Wi reference plane L
x Region& sy _ ' E Slwave™’ X HF#T B o H

=L g~

Sweeo | Senmtty | Dastriuted Ay 09) |

@ interpolatrg Sweep
Restve error forS: 0.5 %

e path:

Semudation name: MR _Interp
Compus ¢ pont
Frequency Range Setup
StartFreq ] SwoFreq ]».m Pomts / Step Sze | Dstrbuton |
OHz Lnear Step
L e 100 Linear
¥ 1M 26 vz Lnear Step
,,,,, oo | [ Preview..
[ swve  |[ tosd | setoefair | [ CesDefadt |
Sweep Selecton
Dasgrete Sweeo

Vi Expeet Touchstone ® fle after semulation completes

QIO (suto-detected regons)
1 1SS (uses defined regons)

| Save Settngs | [ tanch | ;_.4&;,‘

15



I SerDes/DDR Memory Tips & Solutions

B HFSS 3D layout PCB

x PCBF ~ EaA _w AL layerx 0 2D triangular meshn Y "E € phimeshing , OF T o
x Ak HFSSsolvelt O |, ¥/ HFSEF « 7~ E* " n ¢t T

x Package¥ ~ & top/ ‘A bottomq T 7 " HIE T Ak Slwaveregion O oF T" = gV
v/ 3D layoutn /1 \

x BGAF die solderball® @l n ~ port& s TA netr ¢ 3 =eqT YEF" x
BVY/ D@ A’ T Y—H

*

; 7 Component Model X
- Component Info
H Part Name: TR BRATE1 02078
(i piminc Pat Type ic
= R
g~ = I X ] ® o @
DiFFo_f| Ut 6 No. Pins 16 By Select Handles H
[0 4 — [ ] Q “x, Select Edges [ Bt (s s B B
———————————— ]
Properties. 7 x o odelneece DIFF0Ba <, Cycle Selection B y
g nietace Mo El . R| Unselect All Cirl-Shift-A
5 - shift-
Name | Value [ Unit [Evaluatzd V... | e = oiFro I B
Type  [Component [ - Die Propetties & List Selection. (o] (o} o]
LockPo. i FE R0z T o =] B Push bown
Mame ut :) Otientation: Chip down hd ‘ Pop Up
Color 0 i Mgt — DIFF1_B.f o PoPUP
Color [ O o Place Design.
Part CONIBABGAIE-10-2-.., - s
Par Type |IC - Solder Ball Properlies ————————————— %FW_ i Snap 3D (o] (o} Q
Wodel Info Shape: Cylinder - Connect Pins.
Pins Edit, Diameter 0.3mn] . . Port Bl L, Creats
Packag... "CONIGA_BGAIE-1.0-2... "CONTBAB... TR A Mid Dismeter 0.3mm — Boundary > Remove
Mountin,., 0 meter | Ometer
GPlacement Height [2:5mm oo 4 Create Circuit Ports
EE et »
acem e
Placom... | TOF - . s Assign Reference
ocation (0. . —— S Clear Reference
Flipped = Components >
Angle 0 deg  Odeg i | 3D Components 5 Create Ports on Net
| Message Manager
C1Rendering Reference See: [V Auto Padstack. Remove Ports From Net
Sealing 1 1 ps l—u Footprint. Create Ports on Component
i
—— — N Remove Ports From Compenent
0K | Cancel |
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B Slwave : /

x ViaST
x TraceS T

x llr

AT v
n

% A [y lE

Slwave:10h 39m / 67GB

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

U HFSS 30h 39m / 55GB

30 hours and 39 minutes
55 GB of peak memory

Slwave only

Slwave + HFSS Regions

+ Simulation profie for Siwave_inters \W/jEh QUL Regions" 5

Simulation profile for HFR Interp Wlth Reg.ons
Module Real Time CPU Time memory size Module Real Time CPU Time Memory size
Siwave. nq ZDlI 1.0 (Built: Feb
Commenced on ho:

at Fri[Feb 23 18:23:53 2018

siwave_ng 2018.1.0 (Built: Feb

:3:
C:\Propra F1les\unsysEN\AnsyscH19, T\Wines\aiwave. solver., exe

Commenced on host 3t Thu[Feb 22 17157139 2018
| | Real | cpu Memory | Memory
i Comman | | Time |
| geom | ootoatss | oolozias | azssw | sosse2 triangle | wess Reqiun ° 86.44G8 131438 tetrahedra
| SoTve Serup | 0:14:35 | ooiders0 | sosmw | 1 project | HESS Region 1 87.98G8 170648 tetrahedra
geompr, 1234 408384 triangle
Finished at 02/23/2018 18:40:47 otve.setup 4053m project
Finished
SIwave 2018.1.0 Feb 22 2018 at 23:48:39 beginning

at 02/22/2018 19:33:34
at 02/23/2018 18:40:50

Start Date
Feb 23th

End Date
Feb 24th

05:02:53 - 18:23:53

= 10 hours 39 minutes

Start Time

Finished Time

e 2018.1.0 Feb 19 2018 at 23:50:45 beginn
Ci\program F1|¢s\MsysEM\AnsysEuxs 1\wm6-t\s1wavLsolver exe
| Cpu | Memory | | T 02/22/2018 19:33:
| | umber of Elements |
| 1174M 425204 triangle | Cpu | Memory
| | 7303 5163 xsections | c Time | Number of Elements
| |z | 9380 bl | geomproc :00: 17 425210 triangle
| | 303M | 1861484 triangles | xsec_solve | $ies xzections
| 205 solutions | Vaexcrace | 1 1 blo !
| 29:03:26 |  67045M | 11974596 matrix m_adap! 51 | 7i4am nnsn uunq'lu
| Sieave | 02:15:43 |  67045M | 11974596 matrix | xn:erpolanng 271 solutio |
0C5_3 z| 240 (| lesAamy T nsmmo matrix |
Finished on at[02/24/2018 05:02:53 Stwave 00:14:45 | 02:12:08 |

974100 matrix |
at[02/23/2018 O6:22:51

Finished

Start Date
Feb 22nd

End Date
Feb 23rd

18:23:53
05:02:53

Start Time 17:57:39

Finished Time 06:22:51

06:22:51 - 17:57:39

= 12 hours 25 minutes
N
- e \ Transient Device Properties Plot 1 Circuit! &
XY Plot2 Baneleye PCB 4 e 1y Coveinto
w80 \ =R
\ R
1
/JJ“V\ v\ /\/\ ™V “ NemimTracbiont —
/ 110.00 1 1
5000 | 1 1
1 1
1 1
1 1
1 1
1 1
son 10000 : !
1 1
£ ! . Slwave with
i g ! ! HFSS Regions
1 1
gt s i) i '
T E—————— ! i Slwave Only
s s o o o s o 5L i !
1 1
Slwave j Slwave ' !
Slwave(Region) =1 Slwave(Region) !
\
HFSS ' 78 ohms
\ Full HFSS
R 2k A 5 o s wh ke 00 —
- Fioi | == 75 75 R ik
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B HESS

PCB

: HESS reqion

x PCB
x Port € A
x HFSS

Region 0O

A K€t

A

3D

Ak

region N 7

Vs
Vs

Y8

ST: HFSS

Region 1

(»
O

NN IEGIEO N o IEORON ©

O

olllg
o o] e

HFSS "A A M

A KEHI

Compute 5YZ-parameters

Qo .-
10, ) [ (e
iF

4

Region

Sweep  Sensitivity Distributed Analysis (HPC)

Simulation name: | SYZ Sweep 3D

[ Compute exact DC point

Frequency Range Setup

Start Freq Stop Freg | Num. Points / Step Size | Distribution
T |5MHz 5GHz 100 Linear
Add Above Add Below Delete Selection Preview..
Save Load Set Default Clear Default

Sweep Selection

(O Discrete Sweep

@ Interpolating Sweep

Relative error for S: %

Passivity/Causality

Enforce Causality
Enforce Passivity

[JExport TouchstoneG/Aile after simulation completes

File path:

DA T1ain2022/train20220526/HUWIN_FIXTURE_220510e

[ 5et FWS generation parameters

IMin Rise/Fall Time / 5

3D Solver

[] Q3D (auto-detected regions)
[CJHFSS (user-defined ragicns)
AEDT regions schematic (do not simulate)
Solve regions in parallel

Configure...

HFSS solver options...

Other solver options...

Browse...

Save Settings

coe
e
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B HESS PCB : HESS region

x Slwave A solutonname’ M Lo . %/ ey
x ' regions §f T 2ol region(Qe i€ HFRQe= ) X/ e »H
x Slwave ™1 + wo regionsRy F° T T8RN ST+ ey

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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B HESS PCB : HESS 3D layout

rr

x 0 M lEIC> @+ ' + PCB A €, t HFSS3Dlayout ~ HO

U Export > HFSS 3D Layout W

i PCBa\ ¢ on , B’ ~+£eaHd ®_ynpng OK w
i, p Projectnames$ HFSS export¥ ¢® = mnasybr My g
U

LS

s

ERT Region+ ' 1€, 1/ export" =

e

) 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: |trainz[l?_ZDSEGWHU\"J'IN_FIX'I'URE_ZZDSl[le_meWHU\"a'IN_FD{'I'L.IRE_ZZDSIDez.aEdt 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: EI
[]GND

Cancel
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B HESS

PCB

: HFSS 3D layout

x BGAE

~
Ll

"EY  Model info

w

” ”n
x Component Model 1/ 'A BGAP @ € # OK w
- - - = ”n
x = EHT 1 connector® @ ¢ £ 7
B G A 1| Compenent Model X
— Component |nfo 8| Compenent Model *
Part Name: [CONTEA_BBATE1_D2_0x8  Companent Info
palliee fic Part Name: [EON7_CONT0_B1 %44 8
Ref Des: 1
B Part Type: IID
h 4 Mo, Pins: 16
[0} (3 Ref Des: |J1
Q @ — Model Interface Mo, Pins: I?
DIFFD_Bi T4 Interface: IManuaI j
é — Model Interface
DIFFO_fl 1 6~ Die Propertie
) Type: IF"D chip -] Froperties o | Interface: IManuaI ;I
—]
Properties rx ) @ Orientatior: IChip down - - Hame IC Nialue | Unit |Evaluated® _gojier pa) Properties
Mame | Yalue [ Unit [Evaluated V.., [ | b IFFT 10 Height i ¥pe ampanen
= ght: o . -
Type Component Q é— I kJDCkPDSITIDn . r Shape: IE_I,J|InC|B[ ;I
LockPo.., X ame . .
Hame U r %FW_@: 1_12 - Solder Ball Propertie: Color Override = Diarneter: ID.Z'I mm
Color 0., r Shape: [ Cyiiner =] Color I Mid Diameter:  |0.21mm
Calor ] ’_> (“ Diameter 0.3 Part CONT_COMT-06-1.9%.., .
Pant CONIBA_BGATB-1 00, e [03m FanTwpe 10 Height: |0.21mm
Part Type IC Mid Diarnster: |U.3I‘nm tadel Info | b aterial el
Modellnfo ... = Height; 0.5mm Pins _ Edt. |
Pins Edit | N ™ Package Def  "CONT_CONT-0_6-1_9%... "CONTCO! Port P i
terial: ; — Fort Properties
Packag.., "COMIBA_BGAIE-1_0-2.,. "COM1BA_B, ., e = Mosllntlng OﬁSt:tU meter [imeter =15 i Offzet ID
Mountin,,, 0 meter  Dmeter EFlacemen eterence Obfzet:
EPlacement i~ Port Properties Placementla... TOP _
Placem,,, TOP Reference Dffsst ID lp;ﬁcaﬁ;n n.a - o.o Reference Size: [ Auto
Location 0.0 0.0 e = ||:|
Flipped r Feference Size: W Auto Angle 0 deg Odeg "
. . ID
Angle i deq  Odeg e % ID Eerndenng
EIRendering - ID— Scaling 1 1
Scaling |1 ] I—DK—I Cancel |
oK I Cancel |
]
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B HESS PCB : HESS 3D layout

x BGAP @ ¢ -t 4 >Port> Create Ports on Component w 4 port Y'E
x M 1 - EHI 471 port Y'E
x HFSSsetup € ‘A2

BGA[ H
®® o] @ o e
O Select Handles H
@ Q Tty Select Edges E § : - - _J/;
DIF] ¥4 Cycle Selection B T T T 7 !
[ Unselect Al Ctrl=Shift=A
DIF|
& List Selection... O O Q
Push Down
¢ @0 I N connector [ H
DIFFT_ .t 0 PoPUP e I
Place Design...
DIFF1_pl L Snap 3D o o c
. Connect Pins...
. . Port B IL, Create
—— Boundary ) Remove
FER ’ Create Circuit Ports
Interface > .
T . Assign Reference
Components N Clear Reference
3D Components » Create Ports on Met
Padstack... Remove Ports From Met / ;
Footprint. Create Ports on Component ... h
Remaove Ports From Component X
S View ¥
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B HESS

PCB

: HESS 3D layout

PCB export

x HFSS3D layoutr solution 3

& HUWIN_FIXTURE_220510e2_3Dlayout

.. Circuit Elements
Boundaries
[]..@ Excitations
=888 Analysis

| SIwave 5Y7 53
[*l Design Verificat -~
“

@ Optimetrics
=-FF Results
E| EY sParame X
Ll dB(S(DI
i dB(s(Di
EQ 5 Paramete
N dB(s(Di |_
B
ties
ime Yal
p HFSS Setup 1 &%
ile [w
ar HFsS
es (10
ent ., 30
15 0.0z
tian,., 5
5 0,,, First Order
Ref,,, 1000000
Ma.,.,

T &

ar T,,. Direct Solver

Cosim Options (HFSS)

Cut
Copy

Paste

Rename
Delete

Properties...
Disable Setup

Add Frequency Sweep...

Assign Mesh Operation
Validate

Analyze
Submit Job...
Rewvert to Initial Mesh

Generate Mesh
Pre-Process Geometry
Invalidate Solutions
Expart

Frofile...

Ctrl+X
Ctrl+C
Ctrl+V

F2
Delete

F10

w > Export > HFSS Model

> & HFSS Model...
F Q3D Model...

w

4 export

HFSS3D layout
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B Slwave to HFSS : HFSS PCB
x Slwavd€ PCBH+ 0 import 4 i » A «*t Y 9%4kan 4 HFSS export " ®

x stack-up
u PCBH =*= T StaCk'Up W A =|= "R e ," Q9 wm%o % J|If Export Options

Solid Model | General

[igenerate fully unified nets Set Ansys Mechanical Defaults

x Slwave export "H € 5
U 100% via fill: Pad stack editor 1+ Via Plating / A Clspe sl v

100% via fill {overrides per-padstack plating ratic)

U Separate dielectric layers: +#\V = @ NT T = Dore s
0 Ignore unconnected pads: trace " 7 * HR Q k pad/ A

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 0.208588 | sgmm

Minimum Trace Edge Length

c
3

slli==[==
Nin= c
3

Minimum Plane Edge Length

Minimum Pad Edge Length um
|gn0re unconnected pads Minimum Dielectric Edge Length um
N Dielectric Expansion Factor
M N a0 v

100% Vla fl” \4 N ﬂ l\.f [[]5ave Opticns As Default

1
H
EEl
i3
n
oo
ne
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B HESS :
x BGA” K€ socket ~Ftrace 7 O" T"®x .+ | K& T71F+eV

x VB b s TAF+ 9% ~ ¢l —- "Alstackupn., Y+ %

X 5 TAL—

110.00

100.00

Curve Info
— RX0
RX1

90.00

Y1 [ohm]

| RX3

RX4
80.00 — RXS
1 ~— RX6
— RX7

» »
L] »

PCB_ Connector R Fixture Board

A

70.00 '

Time [ns]

‘ T T T T T J T " T ‘ T T T T T T T T T
0.95 1.15 1.35 1.55 1.75 1.95 2.15
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B HESS PCB : HESS 3D layout

x AJB Excitationst w 4 Differential Pairs w 4 ¢ #
x Report 1/ A  "A  Solution € A 2

s i
@0 L Add Port
@ 113  Add Plane Wave Excitation
- 11 Couple Edge Ports
Q1 Decouple Edge Ports
R - S Parameter Plot 1 HUWIN_FIXTURE_220510e2_3Dlayout Ansys
DU Convert Selected Vias to Coax Probes... 1000 000
& u Ay Port Excitations... i [
@ U Differential Pairs... /
o f;aly’ Reorder Matrix.. |
B )
E]--ﬁ Select in Layout 20.00 - =010
[ o¢ Delete Al |
=1 £ HFSS Sefun 1 L
| Terminals: Pairs: Differential Mode: Con S 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
JLEDIFFI_F JLEDIFFI_M [v - Dif1_11 8500 Cornr g ‘E:
UTT0DIFFIZP U1 12DIFFI_N ~ [~ Dit1_UT |85.00 Comm e 1] o2
11, 4. DIFFO_F 11,6, DIFFO_M [v - Difd_U1 85,00 Commn % é
8 g
) Curve Info
B3 Report: HUWIN_FIXTURE_220510e2_3Dlayeut - HUWIN_FIXTURE_220510e2_3Dlaycut - S Parameter P 5000 - [ ———— L 040
HFSS Setup 1: SYZ Sweep 30
Context Trace | Families' Families Display'
X ——  dB(S(Diff0_U1,Dif0_J1))
Solution:  |4Fss Setup 1: SYZ Swee v . = ] HESS Setup 112 Sweep 30
DCIRSm 1 ~ Primary Sweep: IFreq - I 000 L s
Domain: HFS5 Setup 1 : 5Y7 Sweep 30 1
HF35 Setup 1: Last Adaptive X: ¥ Default |Freq
Shaw: HFSS Setup 1@ Adaptive Pass
Slwawve SYZ 1: 5YZ Sweep 1 . ; : X
Slwave SYZ 1:SYZ Sweep 3D ¥ | 1 |dBis(Oiffo_U1,Diffo_1))
70.00 +—/——F———F—F——— T —— T[T 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_J1,Diff0_11)
Z Parameter 5(Comm2,Diff0_J1)
Group Delay S(Diff1_U1,Diffo_11)
Return Loss 5{Comm3,Diffo_11)
VSWR —— =
s{Diffo_U1,Diffo_11)
Gamma -
Part Zo S(Comm4,Diff0_11)
Passivity S{Diffo_11,Comm1)
SiCamm 1. Camm1l
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B HESS PCB : Connector  import &

x aM ST d PEC ground o £
x Menu bar Modeler >import W oM ©° @ ¢ 4 8
x Mo ad qgM ~ ®Limport & & "EEn %

* *

Import W ¢ 'E A

Automation Ansys Minerva P |
=48 Model - @ s
- / Ebgi connector
E@% Lc;nge;;’;or B-47 Solids
-7 Solids :
: -4 COPPER
=-8F Mot Assigned i &7 Rectanglel
Rectanglel_1
E||_7 lR;cltfr:]F?cl:: m Import
7 Rectanglel 2
E|._.7' Rectanglel_1 P ]U Import
By Import EJ Rectanglel_3
E|L7 Rectanglel_2 i) Import
l_;l?c»lc;np?r: , E-4F Materiall
B4 Rectanglel =7 M
m Import IU Import
@1z, Coordinate Systems @-le, Coordinate Systems
- P.Ianes -4 Planes
-5 Lists - Lists




I SerDes/DDR Memory Tips & Solutions

B HFESS PCB : PCB

x PCBOUr aM fo»mni/ O 2"
124 s (4 1

x M n 6O 4+ pcB M/ y4K. v aM M. global© K€ pPCB W
Ob ' T u4 K. H

PCcB M. global '
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B HESS PCB : port

x 0 M AAmae T A - = o0
x B2BaM 1 .t Ub PCB1" %

Terminal S Parameter Plot 1 PCB_CON_SIM  Ansys

AB(SKDIfT1_J1,DifF1_J1))
8 3 3
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B MLCC PAM4 application design quide : 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 2
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)

CEIl- 56G : 56Gbps PAM4 - > f it = 14GHz => BW : 5*14GHz=70GHz
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AMOTECH Broadband Capacitor

B MLCC PAM4 application design quide : 70GHz AC coupling HFSS 3D Components
ABCUC 04F 0XX 104K NDG
R
Simulation Result & Measurement [10MHz-67GHz (10MHz step)]
0 0.0
_",,___'----...,.t N N
) 3 : . b P Y Mmﬁ . le
_ J\ . ] \_ - - ,lt' “.
" W " \ j'\ p ; IJ ",' 0.5 ] |rh?";'--
- K1 [ L T Y [ T t'l' 1 ]'"I
20 Iy I.r" F AL PR | ‘_LLJJ-‘J’LFJ;,F“_—\.i ] |l
| ' t.: it P;y—‘f:ﬁ‘ﬁ'ﬂ | ¥ o 1.0 “'l
-30 AL o X
E‘ [ V 1 F E‘ i
E 7 f ¥ || ' E -1.5
= a0 i I =~ ]
m ! i | wn 1
i i | 2.0
_50 i I 1
{ H
0 25
- | | | | I_ ,Arcucmlrnn TdK ND,I;,:M,_._,T,_.",,_.,,,:,I 0 ] | | | I— -n!ncuca::rm(ximx NI:rIGmuTmnmm:-
] 10G 206G 30G 400G 50G 60G T0G ] 10G 20G 30G 406G 50G 60G T0G
Frequency [Hz] Frequency [Hz]
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B Transmission Line only results

105
104
103
102 1
£ 101
a
£ 100 = 100 —
=)
N 99 .
g Diff. ZO
98
97
96
95 T T T T T T T T
0 10 20 30 40 0 60 70 80 90 100
Freq [GHZz]
50
0.0 0.00
017 -10.00
-\ﬂl g
-0.2 p— SDDZl[dB] - -20.00
2 4 —  dB(St(Dif2,Dift1)) |-
0.3 Setup? : Sweep E-30.00
g_0_4 = T dB(SYDIfF1,Diff) [
a Setup1 : Sweep [ -40.00
o .
£ 051 spp11[dB]; |
= 3 m r-50.00
o -08
° --60.00
-0.7 7
08~ [ -70.00
-0.9 1 [ -80.00
A0 T T T T T T T T T T T — T = — -90.00
0 10 20 30 40 0 60 70 80 90 100
Freq [GHZ]
50

dB(S(Diff1,Diff1))

1008

1006

\mEedance (ohm

100.4

00.2

TDR(tr=10ps) TDT(tr=10ps)
I (
- '/
3 X
"

o
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B Transmission Line + MLCC results

0.0 0
_m 3D Components
" SDD21[dB] -F\/NN ®
: & ABCUC_04F_0XX_10-
- Z > 4M_NDG
- -20
-1.07
g - -30 :’:f
a a
£ 1.5 E
o SDD11[dB] 2
o8 - 402
g 3
2.0
50
Curve Info
——  dB(SYDi!,Diff1))
st Sweep
2.5
— aeeomomy 60
Sweep
-3.0 T L L I 1 L T L — -70
0 10 20 30 40 0 60 70 80 90 100
Freq [GHZ]
[50
102 06
04
101
£ 100 02 o
$ g
8 % TDR(tr=10ps) > 0 TDT(tr=10ps)
(]
b=
i;l a8 | | | 02 | |
1 1 1
0 20 40 60
97 -04
% | | | | | psec (time)
0.05 01 0.15 02 0.25 0 20 40 60
nsec psec
Eye Diagram
—
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B Series Capacitor TDR

0402M MLCC (260nF , ESR: 40m , , ESL:0.3nH)

ey | =

0.3nH
260nF 40mOhm

MLCC 3D EM model

IL, RL [dB]

0.00 7
-10.00;
20,00 1
-30.00
<4000
-50.00
460.00

-70.00

TDR Test :

011

-15.85

-0.02

LinearFrequency

—— dB(S(Rort2 Port1)),

-80.00

T T
1.0E-09 1.0E-08 1.0E-07 1.0E

1.0E-06| 9.9E-05

260nF Series Cap.

Time

T
-06 1.0E-05 1.0E

Freq [GHZ]

1.0E-04

1kHz ~100kHz

1kHz

T T T T T
-04 1.0E-03 1.0E-02 1.0E-01 1.0E+00 1.0E+01 1.0E+02

S- parameter curve

Sweep
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B Series Capacitor

TDR curve

TDR Test :

TDR with Equivalent RLC

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

0-3nf 40mOhm 50 J_~
F j 260nF f j =

Rise_time=35ps

I 1
59.80 4
59.80 ot il
] He
H 1
i 1
] i
57.80 57.80, !
[ :, 1
/\ 1 i 1
STTT T ik
—_— I_ I
E£55.80 E'55.80 1) :
s ] s, iy
i} [ |
S ESR Impedance add : & Capacitance Impedance slop :
) 1 ] : s ]
05380 50+0.04 ohm S sa 501! C slop
H
1
1
i) Series C
b I
1
51.80 Iy —
| 51.80 ),
b
il 1
1
| 5000 5004 un
49.80 ‘ e T e e - ——— H
1.90 1.95 2,00 2.05 2.10 2.15 2.20 49.80 Ly | , | |
Time [ns] 0.00 100.00 200.00 300.00 400.00 500.00
[200—— o006 Time [ns]
208
—
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B MLCC 3D EM model

IL, RL of Differential line with MLCC 3D EM model :

0.00 =_-0.00 :
Curve Info
4 ——  dB(St(Diff2,Difi1))
-12.50 1 Setup1 : Sweep I
i ——  dB(St(DifH1 Difi1))
Setup1 : Sweep
-25.00
o)
g ]
2 ]
& 37,50
=] 1
.:El 4
[a]
-50.00
-62.50
] 6652
-75.00 B e L B L I ) e e e e LLLL) m e i a ERERANL m
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§
10MHz
extrapolation
=> Capacitor 200nF 1kHz
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Bl Series Capacitor 3D EM TDR curve

TDR of Differential line with MLCC 3D EM model : Differential Time Domain Reflectometer

R123
19 —
Rise_time=35ps -
R12
0
1kHz sweep  S- parameter
10MHz sweep  S- parameter
102.00
] Sut_N R122
Input_H utput P
] gcss B P R—
101.50 -
v2021_r2_T_Line_w_Cap_10MHz_cut.sdp
'g 4
5,101.00
2 |
g Name X Y
o m3 |1.7000/100.2119 102 & L m= & « = [
g ] m4 | 1.7000]100.1320
EE: 10050 ‘ : \
E - 101.5 101.5
K. "
€ J 101 101
g 100.00
o 1 g 100.5 E 100.5
10MHz sweep DC © L 100 2254 o ¥ 1002251 M
99,50 , Capacitor impedance e 100
1 slop 9a.5 99.5
99.00 T T T T T T T T T = %
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 B FRE m T e e aa— m1 T
Time [ns] nsec nsec
* Ref. TDR : WwWw.shpview.com
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B Transient Simulation : +
A S- parameter Eye- diagram
U S- parameter , Causality, Passivity

Voltage

-08 005 01 045 02 025 03 035 04 0 005 01 015 02 025 03 035 04
' ' ' ’ ' ' ' ’ time(nsec)

S-parameter
Eye-diagram




