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Step 6 : Self Verification / tuning
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Surrogate Model / Meta Model
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Gy Fi Idj: N Analyze > Parametric From File.. —sig_t 0035 Farametrization  Seftings =
------ ield Over o
...... Radiation "jf/# Tumng Op‘t|m|zat|gnm o | _SUb_‘t 0.45 Inputs OUTDUtS
- (21 Definitions View Analysis Result.. 2L Sensitivity... e | w 1 (Searchfur E; Z" | 5 ; ) garchfor ;EB R % EI \
B Import Large Scale DSO Solution... 1l Statistical. Name Valud Name Value
Jerties i . ; :
% Design of Experiments... ~ _Project_ ~ tdr_opt_test
z DesignXplorer Setup... < > Se_r 4 v optiSLangSetup . < >
N0 =] .
- [T $sig_t 0.035 tdr_opt_test.optiSLa... [1:10 Output slots
optiSLang Setup.. — Seub.t 045
Ptandard slots = Standard slots
v _Shared_
w 1
< > < >
[ Instant wisualization
— : o = .
- AEDT U501 A Optislang SetupS TL5A|7| ™ « 2| show aivancd apions < ’
M A [ - - . ~
X|'E O E —I—Q E_-H-_A-l (o) l' - TDR Date Time Log level Hid Message
olgd 1 2022-Nov-21 11:57:42.986916 INFO Reloaded custom script "C:\Program ..
A 17t Optlslan901| X|'o—E 2 :!
(I:EEOI q Eolxl_oﬁ_l = rél_g_) 2 2022-Nov-21 11:57:41.824069 INFO [INFD] for 0i0 Setups listing recalling C:..
-1 3 2022-Nowv-21 11:57:41.814095 INFO [INFO] for CiC Setups listing recalling C:.
4 2022-Nov-21 11:57:40.917541 INFO [INFD] for 0i0 Setups listing recalling C:.. Y]
Show additional options (0] 8 Cancel
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Optislang : Sensitivity &4

B sensitivity Wizard a X . Sensitivity Wizard O b4
Criteria :s- .
Specify the algorithm criteria £ L Sampling method E:'
Specify the sampling method £ u
Parameter Responses
Na/r:ne Value Na/;ne Value -
[ | Adaptive sampling
= 4 i / Simulation runtime: Short lon
_sigt 0035 tdr_opt_test.optiSLangSetupl.TDRZ_p1__.Time ns_ [1:101] O ® Adaptive Metarnodel of Optimal Prognosis (AMOP}
_sub_t 0.45 . . f
P Show additional settings Sampling method
w 1
o () Full factarial
Criteria O (O Advanced Latin Hypercube Sampling
obi_TOR_1n Objective O () Space filling Latin Hypercube Sampling
O () Other {see next page)
Plugins
O (O Replace Canstant Parameter
=l Create new e Start designs
ar a
) 1 1 0
j'{"“") Yariable Objective &&u&ﬂ Constraint ::A Limit state ! ® Mo start desians
o ! (O Define start designs manually
[1 Instant visualization Remove selected criteria = ¢
< Back Cancel Help < Back Cancel Help

Ul

50202 ZEAL MK - HACHHO| ZH3tE Metamodel 21 AMOP
AtE2 2 MMStE Sensitivity 24 3

=
o
>
M

« 1ns®| TDR ¢
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What is a Sensitivity Analysis in OptiSLang?

5

8/9Q 1ZS
INPUT garameter
2 4
T T

.
% o ¥ o eter 6 -6
2 ‘.‘W. o0 . .’ (7 AP Coefficients of Prognosis (using MOP)
¢ I LS8 T ¢ % ol o full model: CoP = 100 %
. . s % of o 3 o o+ oo ; oo
.|, ’.‘8' %eoe Ve%ee. 1. 7 . 8 ‘ INPUT : M AMK GL102 Er
. . ,% ..‘. ’# o, 3 -8 8 % ( Main effect: 8 %, Interactions: 0 % )
. ? . 8'.". Y {5l : INPUT : __S_LO6_T
. . &0 o (34 9 % ( Main effect: 8 %, Interactions: 1 % )
s |°*? o &, e FEd e 10
o oo a? ° t-10 E
b % o ¢ ° - S
A . . . ” ©
° 2 ¢ oo o .

INPUT : __S DRILL_S5_T
13 % ( Main effect: 13 %, Interactions: 0 % )

INPUT : S DRILL 6T
14 % ( Main effect: 14 %, Interactions: 0 % )

84890 1ZS

o i g H INPUT : __L06_L Width
. 56 % ( Main effect: 56 %, Interactions: 0 % )
i : : -14 O 20 (‘np?f(’)ﬂnfnmnm Tr(\)g CN8O 8‘0 10
3 2, 16 210 18 16
32 < 20 18 220 230 4 24 ‘20 L
e, S A + Meta ModelS §3lf 2 #:7} H5Z1tof
TNE oIObL} 7|0 SFH=X| CHQESH ZHA Of| A K| A
= — O - — 0O
i = . _ R - Xte W3S 3 MEADNE 0|2 o=
. CHISH M7 4 X0 IE . 5145l Big DataZ 3| Metal M e = SRS OISO
St s N g =% Model(MOP) 7% =ETE
o N N . MEAT H ASES =K| OF
C 2 A S U2 Aol . Meta Model2 2%18 #4 92 0| S aad i eEE TR
A= S 24 2 RE M5 ZitE Z3ksia 9o, =AET=:
S E|X| e g ZBol ZAHK| oS "
. 2} M7#% 7ko| Trade off 27| 2 T g pAEsds EH0l Ss 2l BiXl=
QlEhe M HEE?
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Sensitivity

MZA 9| 0f — Correlation Matrix

Linear correlation
INPUT : __sub_twvs. INPUT : __er, r=-0.001

Criteria

obj TDR_1n

TOR _1n

o Example

Sig_t 2t TDR_1n Z1t= 0.049
AIXHEZE E0E

> trace =X|°| FH =

Y| EHA0 E Feko| gitt= 2|0

oF A OlS
= T AO
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Sensitivity =4 212| 0ff — Residual Plot

UUIFUIL | TUK_1N

« Linear®t HE Z AL X8 sample =0|
point %EHE 29 /A=

- 5 SE A SWOT LA 4 xzo] &
ZeiMcte 2l)

6
T

Approaimated values

@ Fitting (CoD)
L] Prediction (CoP)

Wb e

1 1 1 1 1
0 2 4 6 8
Data values

. Metamodel0| Q242 R0 W2} 28 H50| LopLt 7H2H ZH=X|0f Cht FHEQl 24z}
7 =

—
CHztMofl 7t 248 ) X5 9] metamodelO] A4 E
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Meta Model?| &%

Coeffigl i i OP)
full model: CoP = 98 %

I I I

ol INPUT : __er
31 %

)

VINPUT o
. 48 %

INPUT Earameter

= Hl INPUT :  sub t
85

1

1 1 1

0 20 80

40 60
CoP [%] of OUTPUT : TDR_1n

100

"7} - CoP

Sensitivity 242 S5l TH=0{ %l Metamodel 2| 2=
CoP(Coefficient of Prognosis)Zt= X|EZ H7}

CoP7t 1 (E= 100%)0| 7HtE+5, Z|&etE ATt
MetamodelO| & Z&O0| 7FZA & F+AHE[QUCH=E =

TDR %[Nz} Atg|e] 42, B E B Z2H(full model)2
CoP7} 98% = A, O % H=tot metamodelO| #+= &

T2 W8 CoPE 2H, RTE(er)0| 31%, tF(w)7t 48%,
7| EFH(sub_t)7t 85% 2N, 7|HFH - 45 - REE2
TAME YJUEA 200 2 Fs 10 ULh= 2/0],

A

ZOtA M2 E.

0| Moz, et XX3E

(@]

T |- —
MetamodelO| MM E = YT =E User/| LYHHF HRAE H
MMSHO Sensitivit

<1
Bl
1z
(o
4>
0%
Ot
rir
P
o
of¥
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Models

AMOP (Adaptive Metamodel of Optlmal Progn05|s)

File Edit Project View Help
Total effects L o

- =5 i = m Q &
= B Y

1 + tdr_opt_test_tdr_opt_test_optiSLangSetup | _exported, opf_1 [0%] @ Wizards g x
Scenery  Status overview 48 solver wizard
A& Sensitivity wizard

>

Parametric System

B

tdr_opt_test

4 Optimization wizard
+® Robustness wizard

1 Reevaluation wizard

TDR_1n

]
w
u
£
U
et

Q
S

PQ;

Al Postprocessing Modules Qg =
tdr_opt_test [Search for
Systems ~
- AMOP xf%AOHAO-' viiua%vessig chain elements
w = Metamodelling
[:lgggagg log ; x Favo:;:esh‘mmm Qg =
Date Time Log level Actor Hid Message ~
1 2022-NWow-21 13:40:28.675438 INFO @ tdr_opt test [DEBUG] function set_job_designs .
2 2022-Now-21 13:40:29.640365 INFO p RBMOP 0.4 Sent Design 4
| : 3 2022-Nov-21 13:40:29.607374  INFO Auto-saving project .. Templates ag-=
—sub_t = Parameter w Total 4 2022-Nov-21 13:40:209.586380 INFO p EMOP 0.3 Collected Design 3 £l Templates
5 2022-Nov-21 13:40:29,596380 WARNING # RBMOP 0.3 Error calculating criteria: ..
AL —
2 A HL-ER YUEAN HEEE
SES X - = X5
Aste Fex2 F Gt
ST = M2 AasH X A5l
Ol OXe] B2 T FH(sub_t), . Sen5|t|V|ty7._x—E O—r RRlENES RLP I\/Ietamodel
ILr o o AL M —
MEZw), R (eno =M2 YT EHA = AMOP7I AtS 22 Optislang W50 75
SEE =9 OoF A o
7E:|J_'—|'O1| %:lool: = 0O = EI- T %I\E

\nsys
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* tdr_opt_test_tdr_opt_test_optiSLangSetupl_exported — optiSLan — O s :
B - tdr_opt test_tdr_opt test_optiSLangSetup1_exp ptiSlang S ] " Qe
File Edit Project View Hel
e : rojee e =P 3 = tdr_opt_test_tdr_opt_test_optiSLangSetup | _exported B
L pm :_ B |'h,, - ‘I,:a‘l [} Q s Scenery  Status overview
=+ tdr_opt_test_tdr_opt_test_optiSLangSetupl_exported [} Wizards 8 = ~
Scenery  Status overview 49 Solver wizard

,'# Optimization wizard

49 Reevaluation wizard

Drag & Drop _ — \‘@“ ANsL =2 M=l M3 Flow

Modules Qg = tdr_opi_test

» fe > v [BR] v ]
Search for iz NLPQL ‘Q L o— @;
» Systemns -~ [ Append designs Validator Postprocessing
[N d\- Process chain elements T e R
- ~ Analysis % | —ad »
Postprocessing L b W ‘Q 7 ﬁ

= Metamodelling

Parametric System

B

tdr_opt_test

4

tdr-opt_'test L L J
X MOP Solver Filter designs Validator Systern
& Calculator v

Favorltes Q@ =
v \ )

- Optislang &0l Optimization WizardE Drag & Dropstd] AMOP EE0|| Lj2{Es2H
AE2 2 2H9) Flow?t 75 E (AHEAE manualZ2 21E R 5 gl3)
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x

B Optimization Wizard

Optimization methad
Specify the optimization method

® MOP Solver :%1 ) Real run

Optimization method

Analysis status: Preoptimized i

Constraints violations: |None

Failed designs: Mot set ~
Solver noise: MNone v
Simulation runtime:  short long

B Show additional settings

O (® Mon-Linear Programming by Quadratic Lagrangian (MLPGQL)

A

O O Mixed-Integer Sequential Quadratic Programming (MISQF)
Surrogate-assisted

o (O Adaptive Response Surface Method (ARSM)

o (O Adaptive Metamodel of Optimal Prognosis (AMOP)

o (O Adaptive Multiple-Objective {AMO)

o O Adaptive Single-Objective (A50)

o (O Probabilistic Inference for Bayesian Optimization (PI-B0)
Mature inspired

O () Evolutionary &lgorithm (E&)

o (O Particle Swarm Optimization (PS0)

O () Covariance Matriz Adaptation [CMA)

Start designs
() Use reference design
(O Define start designs manually Local search

@ Receive best designs from system "AMOP"

< Back Cancel

Help

File Edit View Windows MOP Help

B & Quaee Q[0 EE DDDD & S

Common settings X

Hide dimension selection

1st:  obj_TDR_In ~
2nd: | __er R
3rd: | TDR_In ~

Hide plot settings

Show setings for: | Currently active plot v

No settings available,

Hide design selection

Select best design(s) (Design 66)

Select all Invert selection
Show details

Show design activation
Design set: |All designs 5

Show parameter values

X3t Zat

B NLPQL validated.omdb - C:#work2#opt_finaltdr_opt_test_tdr_opt_test_optiSLangSetup1_exported.opd#NLPQL - Optimization Monitoring

I REET Ty
History = | = Ji Design parameter = | =
Objective History Best Design #66
L w {calculated)
- w (MOP)
i1
=l Z —
o E
a 5
Fen b 1 I | er (calculated)
] = “er (MOP) I
é 2 3.88326
B 1 i: a|
E —J‘w
- 75ull)1,t }ca‘l;:ulated)
Best design (.. - ~sib £ (MOP) 1l
Constraints f... * 0.542123
of ‘ 66
—r—r—r—r——r— - . . i
TeNERESRTESEBEER 20 40 60 80 100
Optimization Designs Relative Size to Parameter Bounds [¥%]
4 Response values = ||& 4> Criteria data EI@
Response Data: (Best Design #66) Criteria Data: (Best Design #66)
T T T T T T T T T T
g £
i =
i 8
& TDR_1n (calculated) 5 obj TDR_1n (calculated)
S L 0.393514 (A 0. 4 i
e TDR_1n (MOP) ] obj TDR 1n (MOP)
2 -0.0760111 5 -0.0760111
E 2
2 L 8 e
L L n . . I
0 100 o] & 100

.
20 40 60 80
Relative Size to Response Range [%)

1 .
20 40 0 80
Relative Size to Criteria Range [%]

Preferences L
Show properties for: | Currently active plot

x

Property Value ~
v Application
Select layo... Classic layout
Render m... Auto-detect
Preserve p... [ False
Minimum ... 10
Ask before... [ False
Chaose pa... M True
Select bes... [ False
Global cor... Linear correlation
Automatic True
Show para... [ False
Show para... [ True
Show resp... True
Show crity True
Global crit... Actual value ha
Visuals & x
[Search for

v Approximation
& Approximation designtable (...
& Approximation model infor.

4 Approximation history
Residual plot
Coefficient of Prognosis
CoP matrix

Response surface 2D plot

4

Response surface 3D plot
Response surface topview p...
v Data mining
Designtable
2D Anthill plot
# 3D Cloud plot
Parallel coordinates plot

v



zHe Zat

f= Design parameter

Best Design #66

1 I

Bt

3

L:lill Ql t::'t I w (callciJIated)

[ "

e

N

9 ¥~

2

N
r_ er (calculated)

) 3.88326 i
| er (MOP)
3.88326

~

Lot
SN Number of Pa.meter
0

1k = 2N
_’F_lx_'!g 2 -'-ll'_l'—r”'“ (isu%gégﬁlgglated) |
L __sub_t (MOP) ’Il“
0.542123
0 2i0 4i0 6|0 80 L(IJO
Relative Size to Parameter Bounds [%]
— = o o
- Ao Zutz, M= 1.1Tmm, 7
7| & 0.54mme @f 742 5020
oF A Ol©
=2 T AMADO

Z[ X2t TDR Ym|EHA HwZ
23

<> Response values = j[=
Response Data: (Best Design #66)

T T T T T T
a
c
o
(=}
3
o TDR 1n (calculate
S 0.393514
= TDR_1n (MOP)
2 -0.0760111
£
3
z
1 1 1 1 1 1
0 20 40 60 80 100
Relative Size to Response Range [%]
gro 2| S 2
o ORR|Sto 2 z|AHetEl 4]

= AEDTO|AM A A 2
Sf A (Calculated)El ¥I|EHA = 50
+ 0.393514 = 504 =

MOP 7|HIC 2 0| =&l X[F
AuHAE=

50 — 0.076 = 49.94=

4 a0l HE AEDT TDR 40|
E|1, 1 210440 AMOP J[Et2= Z|LhE



Optislang in AEDT

+ Optislang= 0| 851H, 7| & AEDTHM & == GIIE Metamodel / Deep learning 2t 2
1859 2[Aet V[esE Y = JASL L.

- Slwave, HFSS dli&2 =d5t= AEDT 0| = Optislang 2780| 72 WZE L0 UASLICE.

- AEDT2 Optislang2 Z|&3E et 24 H=2| Y& (input)dt Z[ A H=9
A4S (output)0| 25 X320 UO{AM, In/Out codingO| T35 ERSHX| QiU Lt

- Optislang0iA| X|&3t= Metamodel 7|2te| X[ Xt E 2-&5IH, AX|L|O7F Faot
HAHFe HRE &= L8 UE 22 = JASLLCE

- 782% Metamodel& 7+=5t7| Rl 2AlHTZE 2 S MSt= A[ZH0] B0l 2R E £
QXA B= 080| XAis2e 2 7| MZ0 AE8e 2 AX|L|0z M2 8o =2
A2+t HardwareBt A5 2280 (Mgt RS #58 = AL

 Optislang2 Ansys # OfL|2t H2| 2= Simulation toolZt= collaborationO| 7%t

Common Platform & L|LC}.
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Meta Model for
SERDES PCB Optimization
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Example : SerDes 3D Model Optimization using Meta Model

Crfet 27 B =20 M=

Step 1 =
P Meta Model 24
S mef0fE Zutof 7|dtak
Step 2 . o
P PCB Design %X 3}
Step 3 EYE 242 Stt

AMI| Parameter %X 3}

Parameterized SerDes PCB Design

Y '\nsYs
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SerDes Optimization Workflow

Partl : 3D model optimization

DOE creation, Design variable change \

32 Nets of SerDes

Select optimized design based on TDR, IL/RL, Crosstalk, ICR, COM

AMI parameter change

Part2 : Circuit optimization

\nsys

© 2023 ANSYS, INC



Parametrized SerDes 3D Model - PCB &2 Z|tH==2] 0j

$VIA_0809_D = 150um

Via pad Size

¥ ks 3

$via_hole = 75um

$L02_L_Width = 0.04mm

N

2

X _[
$S_DRILL_8_T = 500um |

Stack-up thickness

Drill size Trace width
o

[®] view / Edit Material ° 1 °° °o ee L o0 L e9 ) 20 L °
o o o 0 o o o o o o o o o
N 3 2 3 o 3 g
Material Name \6:\‘;;\? !o O o0 [olille} o o folille} o0 0 ! o
IAMK—SR | ioo o0 o o o o o o o o i [3)
s 56 515 856 56 36 &
—Properties of the Material o © 0o oo oo c o o o oo o
o o [SIe] o o o o o 0 oo o
NN 33 33 88 83 38 &
. " ofoco o0 oo oo oo oo f o

Relative Permeability §\ | ]
Bulk Conductivity Simple sErmensir | ¢ © ¢ °° °° ©° °° O(
Dielectric Loss Tangent | Simple  $M_AMK_SR_TL &
o

Magnetic Loss Tangent | Simple |0 o © °° - - ° - 0
o o oo o o o o o oo o
Material properties Ground stitch via distance

\nsys
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PCB A4 A WY

1. Automated PCB Generation 2. Variable Setup

Footprint | Layout Displays | Add Variable %
Mame |Lw
Type line Urit Type: | Length =]
Name line_1273
LockPosition Ukt | ~|

PlacernentlL,,, SURFACE
Walue [0.2022]
Met A-lI-FxD

I Linevicth || I
Megative
| BendType Found Type |L0c:a| ‘ariable j
StanCapType Round
| EndCapType Same as § Local Var_iables are not accessible from parent Design and
= TotalLength 107430473 affect allinstances.
- Pl -64,06007 .| Parameters are visible from parent Design and can be
Pt -B4.06007 | overidden on a per-instance basis.
I~ Show Hid
ok | Cancel
e 2

fol
rx
J
<
<.
©
Q
o
LU
N

«  Script2 0|2%t SerDes PCB A 2t= ,AS B, 78 S AUl R Hagt
H =
o O

[}

=
-

u

« S parameterizing0| 7+s5HA|BF 347 20| T



Overview: 3D-model optimization

i ) Fully parameterized 3D model
* Design variables

Trace width

Trace to Trace gap
Ground gap

Anti-pad clearance
Metal keep-out for pad
Ball map change

oaubhnE

« Optimization goal:
1. TDR Impedance(5) = 50 Ohm @252ps - Euclid norm(50-TDR)
2. S11 (5)< -10dB @10GHz
3. S21 (5)> -10dB @25GHz

- Initial design:
« >TDR(e) 16.5436
« Max.511 -9.02388
« Max.S21 -13.2874

Insertion loss (S21) Return loss (511) TDR

Y '\nsYs
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Initial design performance

constraint objective

S11 S21 TDR

S11_CN74 | S11_CN80 | S11_CT76 | S11_CW74 | S11_DB78 | S21_CN74 | S21_CN80 | S21_CT76 | S21_CW74 | S21_DB78 | TDR_CN74 | TDR_CN80 | TDR_CT76 A TDR_CW74 | TDR_DB78
-13.7652 | -13.4327 | -9.02388 | -15.863 | -13.6569 | -7.42397 | -4.72534 | -7.94566 | -13.2874 | -7.32358 | 46.45167 | 46.63721 | 47.26802 | 46.57181 | 46.52766

S Parameter Plot 3 BSE0_AGF 1120 Ay

#521
dB(S(DIE.1352.SERDES_1_1_RXDNO,BGA.CN74.SERDES_1_1_RXDNO)) > -10dB 25GHz
dB(S(DIE.1287.SERDES_1_0_RXDN1,BGA.CN80.SERDES_1_0_RXDN1)) > -10dB 25GHz
dB(S(DIE.1329.SERDES_1_1_TXDN1,BGA.CT76.SERDES_1_1_TXDN1)) > -10dB 25GHz
dB(S(DIE.103.SERDES_0_1_TXDNO,BGA.CW74.SERDES_0_1_TXDNO)) > -10dB 25GHz
dB(S(DIE.60.SERDES_0_0_RXDNO,BGA.DB78.SERDES_0_0_RXDNO)) > -10dB 25GHz

#511 _
dB(S(BGA.CN74.SERDES_1_1_RXDNO,BGA.CN74.SERDES_1_1_RXDNO)) < -10dB 10GHz S21(CW74)
dB(S(BGA.CN80.SERDES_1_0_RXDN1,BGA.CN80.SERDES_1_0_RXDN1)) < -10dB 10GHz
dB(S(BGA.CT76.SERDES_1_1 TXDN1,BGA.CT76.SERDES_1_1_TXDN1)) < -10dB 10GHz
dB(S(BGA.CW74.SERDES_0_1_TXDNO,BGA.CW74.SERDES_0_1_TXDNO)) < -10dB 10GHz
dB(S(BGA.DB78.SERDES_0_0_RXDNO,BGA.DB78.SERDES_0_0_RXDNO)) < -10dB 10GHz

#TDR

TDRZ(BGA.CN74.SERDES_1_1_RXDNO) = 500hm  250ps =
TDRZ(BGA.CN80.SERDES_1_0_RXDN1) = 500hm  250ps
TDRZ(BGA.CT76.SERDES_1_1_TXDN1) = 500hm  250ps
TDRZ(BGA.CW74.SERDES_0_1_TXDNO) - 500hm  250ps
TDRZ(BGA.DB78.SERDES_0_0_RXDNO) = 500hm  250ps

S11 CT76

e \nsys



Sensitivity Analysis for Meta Model

* Metal Model 7+50f O{2{712] THfet Ze|SS AFEE & US.
« & Al|0|= advanced and space-filling Latin Hypercube Sampllng A2

o
Postprocessin: a
AMOP_Global . »
858D_ABF_1120_sim_variable AMOP_lo local
Hw >——] >—+’ 4\

85BD_ABF_1120_sim_variable

|
» 4\
Postprocessing (2)
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Sensitivity analysis results: Coefficient of Prognosis (COP)

« COPE E3l &=l SerDes Meta Model2 H7t

« SDRILL6 T (XX SH|), S DRILL.5 T(SGHA|
=), L06_L Width(MZ) 2|cQ| 37§ MAH H==7}
TDR 2110 78 3AA d&2 =10 U3

objective

constraint

© 2023 ANSYS, INC



Optimization history

60

0BJ: TDR

. Constraints violate
Failed
History (TDR)

‘ Constraints fulfilled

..........

NN O WDOMONGT ~~DDNODDOMONTSTE~®DINNOWDLMONT—DINDNDLOMONTST~® 0
HNANMTBHBOBDORNNDNONONNNMTTINOONDNINO N ~NNMMTINDON DDA

Global refinement (Sensitivity Analysis )

- 2 A0z 2[He| CjRIRIZ 2|
= 431 9| HLXS! jterationO| £~SH=

« 0] 2t¥2 Sensitivity M2 Salf st #Ha
RS 550{2 = Global Refinement 2t& 1}, 0|2
B2 E§Y 4 E24E ot 214 dAHTLUS
2h= 2| &35} (Local refinement) ¥ o2 E2 &

mmmmmmmmmmmmmmmmmmm
ooooooooooooooooo

Local refinement (optimization)

Y '\nsYs
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Best design candidate

Responses (Performance)

Responses | S11_CN74 | S11_CN80 | S11_CT76  S11_CW74 | S11_DB78 | S21_CN74 | S21_CNS8O | S21_CT76 | S21_CW74 | S21_DB78  TDR_CN74 | TDR_CN80 | TDR_CT76 ATDR_CW74  TDR_DB78

Initial design  -13.7652 -13.4327 -9.02388 -15.863 -13.6569 -7.42397 -4.72534 -7.94566 -13.2874 -7.32358 55.2131  55.2627 55.4818 54.6697 54.721

Best design  -14.5801 -14.8748 -10.9605 -18.957 -14.5918 -5.99246 -4.72646 -7.77611 -8.58138 -7.02873 49.64426 49.88954 50.06748 50.04095 49.84067

*TDR = 500hm
*S11 (5)< -10dB @10GHz

Best design variables «521 (5)> -10dB @25GHz

__VIA_1516 H |_VIA_1516_ D | _VIA 1415 H | _VIA1415D | VIA 1314 H | _VIA1314D |_VIA 1213 H |_VIA 1213D | VIA_1112 H | VIA 1112 D __VIA 1011 H  |_VIA_1011_D __VIA_0910_H __VIA_0910_D __VIA_0809_H __VIA 0809 D |_VIA0708 H |_VIA_0708_D
68.71475 94.85738 61.14734 90.4744 62.17826 91.79132 69.5574 83.05177 66.10662 82.90407 67.61937 82.5812 63.86336 90.3874 155.6377 250.7131 71.70406 95.15054
__VIA 0607 H |_VIA_0607.D |_VIA 0506_H |_VIA_0506_ D |_VIA0405_H | _VIA0405D |_VIA0304_.H |_VIA 0304 D | VIA_0203_H |_VIA 0203_D __VIA 0102 H |_VIA_0102_D __S_SRT_T __S_SRB_T _S_L16_T _S_L15_T _ S 114.T _S_113.T
76.02189 87.28645 65.08614 95.80163 67.61814 92.80269 64.87662 87.67984 71.55098 91.53261 75.44042 97.58107 20.1862 21.82394 16.84941 11.5978 16.70777 13.23562
_s.112T st _s_11oT _S_109.T _S_L08_T _S_L07_T __S_106_T __S_105_T _s_104T _S_103_T S 102_T S 01T __S_DRILL_9_T __S_DRILL_8_T __S_DRILL_7_T _SDRILL6T |_SDRLL5T | _SDRILLA4T
12.15214 13.37361 18.54991 20.49506 20.89622 12.03484 16.16126 16.51926 13.7426 16.98024 12.96289 14.23069 23.50858 814.01 26.52775 23.80845 26.85462 31.55211
_SDRILL3.T |_SDRILL2T | _SDRILL15T |_S_DRILL 14T |_SDRILL 13T |_S_DRILL_12.T |_SDRIL 11T | S_DRILL_10T | S DRLL1T | _M_AMKSRTL |_M_AMK SR_Er | _M_AMK_GL102_TL |__M_AMK_GL102_Er |_M_AMK_E705_TL |__M_AMK_E705_Er |_LO6_L_Width | _L04_L_Width |_L02_L_Width
25.50927 20.98262 23.57688 30.60801 36.63555 31.77226 22.67096 29.86836 23.79859 0.032997 3.562214 0.004673 3.289138 0.008677 4.096811 0.020152 0.024891 0.019306
__BGA_PAD_D
591.1412
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Best design performance, Return Loss

S11 < -10dB @10GHz

Initial Design

——  Best Design

v -9.02388

-10.9605

dB(S(BGA.CT76.SERDES_1_1_TXDN1,BGA.CT76.SERDES_1_1_TXDN1))

2N -f’\»"’ﬂ SESE
\ o A
11 r \ !
mra [ i "H"-:"! \l.' -13.7652
il | \
: _ﬂ‘; | 1' -14.5801

dB(S(BGA.CW74.SERDES_0_1_TXDNO,BGA.CW74.SERDES_0_1_TXDNO))

-13.4327

-14.8748

S Parameter Plot 5

S - -13.6569

-14.5918

dB(S(BGA.DB78.SERDES_0_0_RXDNO,BGA.DB78.SERDES_0_0_RXDNO))
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Best design performance, Insertion Loss

S Parameter Piot 6

. s N ™ ]
- ] 3 \.[: Vv '/ 3 a2 = V : ‘."\ [~ i
S21 > -10dB @ 25GHz | . \ /" \. A, -7.42397 NN o0 -4.72534
| \, V7ATAN \/ \A\
\ 4\ A -5.99246 \ \ A -4.72646
EEWASL VAN
Initial Design " | V A - : VA
———  Best Design : ;-‘L"‘-‘: /

dB(S(DIE.1352.SERDES_1_1_RXDNO,BGA.CN74.SERDES_1_1_RXDNO)) dB(S(DIE.1287.SERDES_1_0_RXDN1,BGA.CN80.SERDES_1_0_RXDN1))

S Parameter Plot 8
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dB(S(DIE.1329.SERDES_1_1_TXDN1,BGA.CT76.SERDES_1_1_TXDN1)) dB(S(DIE.103.SERDES_0_1_TXDNO,BGA.CW74.SERDES_0_1_TXDNO)) dB(S(DIE.60.SERDES_0_0_RXDNO,BGA.DB78.SERDES_0_0_RXDNO))

Y '\nsYs



Best design performance, TDR

55.2627

TDR Impedance
= 50 Ohm @252ps

Initial Design |
/ '\\‘.V///-\\/w/ 1]

49.8895

TDRZ(BGA.CN74.SERDES_1_1_RXDNO)

—— Best Design
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54.721
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\\ \\
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54.6697
_,_‘\_‘/" 1
I

[

e
\\.\ T
50.0409 v/
nY

55.4818

50.0675
TDRZ(BGA.DB78.SERDES_0_0_RXDNO)

TDRZ(BGA.CT76.SERDES_1_1_TXDN1) TDRZ(BGA.CW74.SERDES_0_1_TXDNO)
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Automation for AEDT Circuit Schematic for Optimization

85 ANSYS SerDes 3D Model Wizard - [}

Input File [F WSerDesWcode?w211007_TestWTestWSerDes_input_file_r06.csv

Stack-Up | Design | Via | Ball | Bump | Model Gen. | Opti-3D Model Opti - Circuit
[Circuit Optimization Specifications]
1. 1/O Models
Tx 1/O Model ‘F WSerDesWrestored_files¥'sf_gb¢ _J Tx Model Name m
Rx 1/O Model ]F WSerDesWrestored_filesWRxTo} _J Rx Model Name M

2. Channel Model

Channel Model [F‘WSerDesWrestored_ﬁlesWRx_OnDle s4p

Target Nets vl RXDN_0 "
v! RXDP_0
v/ RXDN_1

<

3. Circuit Simulation Parameters and Specifications

Random Bit Giga Bit per Second Tx Random Jitter [ps] Samples
Value [ [ [ [
Eye Width [ps] Eye Height [mV] BER SBR
Value [ [ ‘ ‘
I™ default
4. AMI Variables ]FWSerDechodeWSerDes_mput_ﬁle_rOS csv J
Variable Min Typ. Max.  Step(0=float 1=integer) A
$TxTap_m1_index 0 0 1 1

$TxTap_p1_index 0 0 1 1 .
$pvt_index 0 0 2 1 v Confirm

T
-
o o
o
AT
o el
o o=
Seirn | S
o kil e 7|
om o
S =

B
i

Design of Experiments Setup

Design of Experiments‘ Table ‘ Response Surface Calculations ‘Goals IVariablesl Options‘

Name [ Solution Calculation [ Calculation Range
MinEyeWwidth_WaveAfterProbe{b_input_22.int_ami_r< } AMiAnalysis MinEyeWidth(WaveAfterProbe <b_input_22.irmt_ami_rx>, 1ns, Ons, Ons, 1, 0mY, 1, 1ns) Time(All)
MINEyeWidth_WaveAtterProbe{bnput_3.int_ami_rx} AMlAnalysis MinEyewidth(WaveAfterProbe <b_nput_3.int_ami_rx>, 1ns, 0ns, 0ns, 1, 0mY, 1, 1ns)  TimelAl)
MinEyewidth_WaveAfterProbe{b_input_30.int_ami_r«} AMIAnalysis MinEveWidih(WaveAfterProbe <b_input_30.int_ami_rx>, 1ns, Ons, Ons, 1, 0mY, 1, 1ns) TimelAll)
MInEyeWwidth_WaveAfterProbe{b_input_31.int_ami_rx } AMAnalysis MinEyeWidth(WaveAfterProbe <b_input_31.int_ami_rx>, 1ns, Ons, Ons, 1, 0mY, 1, 1ns) Time(Al)
MiINEyeHeight_WaveafterProbe {b_input_22.int_armi_rx} AMiAnalysis MinEyeHeight(WaveAtterPrabe <b_input_22.imt_ami_r<>, 1ns, Ons, Ons, 1, 0mv, 1, 1ns] TimelAl)
MinEyeHeight_WaveAfterProbe {b_input_3.int_ami_rx } AMIAnalysis MinEveHeight(WaveAfterProbe <b_input_3.int_ami_rx>, ins, Ons, Ons, 1, 0mY, 1, ins) TimelAll)
MiINEyeHeight_WaveafterProbe{b_input_30.int_armi_rx } AMiAnalysis MinEyeHeight(wWaveafterProbe <b_input_30.int_ami_rx>, 1ns, 0ns, Ons, 1, 0mY, 1, 1ns) Time(All)
MinEyveHeioht_WaveAfterProbe{b_input_31.int_ami_rx} AMIAnalysis MinEyeHeight(WaveaAfterProbe <b_input_31.int_ami_rx>, 1ns, Ons, Ons, 1, OmVY, 1, 1ns) TimelAll)
¥ Width Aty vVal_EveAfterProbe(b_input_22.int_armi_rx) {Bit Errar Rate } AMIAnalysis  XWidthAtyVal(Eye AfterProbelb_input_22.int_ami_r«)<Bit Error Rate>, 1e-12 ) __Unitinterval( All), __EveOpening()
HWidthatY val_Eye AfterProbe(b_input_30.int_ami_r<){Bit Error Rate} AMIAnalysis KWidthAtyYal(Eve AfterProbe(_input_30.int_ami_r<)<Bit Error Rate>, 1e-12) _Unitinterval(All), __EveOpening(0)
XWidthAtY Val_Eye AfterProbe(b_input_31.int_ami_r<){Bit Error Rate } AMIAnalysis XWidthAtyVal(EyveAfterProbe(b_input_31.int_ami_rx)<Bit Error Rate>, 1e-12 ) __Unitinterval(All), __EyeOpening(0)
KWwidth Aty Val_EveAfterProbe(b_input_3.int_ami_rx) {Bit Error Rate}  AMIAnalysis XWidthAtyVal(Eyve AfterProbelb_input_3.int_ami_rx)<Bit Error Rate>, 1e-12) __Unitinterval( All), __EyveOpening(0)

Target Performance : MinEye Width, MinEye Height, BER

Y ANnS
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Optimized EYE

Min Eye Hight 586.2mV
Min Eye Width 0.98

AMI Voltage Plot 7
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Default AMI parameter combinations

© 2023 ANSYS, INC

Min Eye Hight 671.6mV
Min Eye Width 0.984

AMI Voltage Plot 8 Circuit1
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Optislang - Meta Model 7|2t2| Optimizatin2| 2|0}
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