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1. Stack up information

2. Simulation Frequency — 5 GHz (10Gbps)

3. Block Diagram



A 20 layers stack OF DFSP card with Nelco - 13 used inthe
simulation 1s given below:

Caliber Interconnect Solutions Pvt Ltd

21 HALLMARK CIRCUITS. INC.
- Toacw @ Wival Miiated Olicull Buard Specialisis
Customer:  IWAVE Part Number: EMDU2-PC-01-R1.0 Rev: - Dk Value: 36
Contact: Matl Type: Nelco N400O-13EP Lamination Thickness (nom): 0.085  Preparation By: Jim Whiie
Telephone: Overall Thickness (nom): 0.100  Preparation Date: 21272014 1655
# of Lyrs: 20 Impedance Type: DIFF. PAIRS HCH#: Pass #: 1
s NP TP e
Type  BasaCu Tofal Dielectric Dielectric Material S(E IMPED. DIFFERENTIAL IMPED. Ref
Layer # siglpln Waeight (oz) Thi i (mils) (Cores/Prepreg) CU% [Dala UW | Value |Daia UW | Spacing Pitch Value | Planes
1 siG 05 0.0018 Ease Cu + Plating
] J1x1080-65% 0031 Gross 49 50.39 38 a2 13 10005 | AdjPins
2 PN 1 0.00128 90%
3 =G 05 0.00064 10% 10027 | AdjPins
I ] 1x106-75, 1x1080-65% 0054 Gross
4 PN 1 0.00128 90%
5 =i6 05 0.00084 Fr 10% 50.27 10027 | AdjPins
O D0@ ] 1x106-75, 1x1080-65% 0054 Gross
§ PLN 1 0.00128 90%
7 =6 05 0.00064 10% 50.09 28 10 10028 | AdjPins
prepreg 0054 Gross
8 =6 05 0.00084 1x106-75, 1x1080-65% 10% 50.09 35 10 10028 | AdjPins
a PN 1 0.00128 - o0%
OO 21 06-755%
10 PLN 1 0.00128 90%
11 PLN 1 0.00128 0%
12 PLN 1 0.00128 0%
13 SiG 05 0.00084 ) 10% 50.09 38 10028 | AdjPins
[no0As I 110675, 1x1080-65% 0054 Gross
14 siG 0.5 0.00064 10% 50.00 38 10020 | AdjPins
15 PLN 1 0.00128 Q0%
J1x106-75, 1x1080-65% 0054 Gross
16 SiG 0.5 0.00054 10% 10027 | AdjPins
17 PLN 1 0.00128 0%
= 1x106-75, 1x1080-65% 0054 Gross
18 siG 0.5 0.00064 10% 10027 | AdjPins
19 PLN 1 0.00128 ; Q0%
OO0 2E I 1x1080-65% 0031 Gross 49 50.39 38 -5 13 10005 | AdjPins
20 s 0.5 0.0010 Base Cu + Plating
0.00432
Space is Edge-Edge of Diff Pairs.
3 Pitch is Center-Canter of Diff pairs.
Company confidential -



A 12 layers backplane stack up with Nelco - 13 used in the simulation
1s given below:

1%} HALLMARK CIRCUITS, INC.

TiaraesGlilaal Pilnted Ofculi Buard Spuslalie s

Customer: WAVE Part Number: EMDU2-PC-05-R1.0 Rev: - Dk Value:
Contaet: Mati Type: Nelco N400O-13EP Lamination Thickness (nom): 0.116  Preparation By: Jim Whiie
Telephone: Overall Thickness (nom): 0.120  Preparation Date: 2272014 16:56
# of Lyrs: 10 Impedance Type: DIFF. PAIRS HCk: Pass #: 1
Type  BaseCu  Total Dielectric Dielectric Material S/E IMPED. DIFFERENTIAL IMPED. Ref
Layer # sigpln Weight (az) Thickness Thickness (mils) {Cores/Prepreg) CU % |Data LW Value |Data L'W | Spaci Pitch Value | Planes
1 SIG 058 0.0019 Base Cu = Plating ‘
i 00028 T 1x1080-65% 0031 Gross 49 50.30 33 92 13 10005 | AdjPins
2 PLN 1 0.00128 00%
3 SIG 05 0.00064 10% 42 50.27 4 ] 12 10027 | AdjPins
| 0.0047 01x106-75, 1x1080-65% 0054 Gross
4  PLN 1 0.00128 00%
5 SIG 058 0.00064 = 10% 42 50.27 4 ] 12 10027 | AdjPlns
I o J1x106-75, 1x1080-653. 0054 Gross
6 PLN 1 0.00128 90%
7 PN 1 0.00128 2 7 00%
| 0.0047 0 1x106-75. 1x1080-65% 0054 Gross
8 SIG 08 0.00064 10% 42 50.27 4 ] 12 100.27 | AdjPins
3 PLN 1 0.00128 00%
| 0.0047 1x106-75, 1x1080-85% 0054 Gross
10 SIG 05 0.00064 10% 42 50.27 4 ] 12 100.27 | AdjPlns
11 PLN 1 0.00128 - 00%
| 0.0028 | 1x1080-65% 0031 Gross 49 50.39 2.8 0.2 13 100.05 | Adj Pins
12 SIG 08 0.0019 Base Cu = Plating |
0.11744
. Space is Edge-Edge of Diff Pairs.
Company confidential Pitch is Center-Center of Diff pairs.



A 10 layers Optical Card stack up with Nelco - 13 used inthe
simulation 1s given below:

Pl HALLMARK CIRCUITS, INC.

Tisew Qaibical Privted Oiscwit Dosid Dpecialiats
Customer: WAVE Part Number: EMDU2-PC-02-R1.0 Rev: - Dk Value:
Contact: Matl Type: Melco N4ADDD-13EP Lamination Thickness (nom): 0.075  Preparation By: Jim Whiis
Telephonea: Overall Thickness (nom): 0.080  Preparation Date: /2772014 168:54
# of Lyrs: B Impedance Type: DIFF. PAIRS HCls: Pass #: 1
Type Base Cu Total Dielectric Dielectric Material S/E IMPED. DIFFERENTIAL IMPED. Ref
Layer# sig/pln Weight {2} Thickness Thickness (mils) {Cores'Prepreq) CU % [Data L'W Value |Data LW | Spacing Pitch Value | Planes

1 851G 05 0.0018 Base Cu + Plating ‘

D028 1 1080-65% 0031 Gross a9 5039 3B 92 13 100.05 | AdjPins
2 PLMN 1 000128 90°%
3 851G 05 0.00064 ; 10% 4.2 50.09 38 6.1 10 100.28 | AdjPlns

f 00047 |1x108-75, 1x10B0-65% 0054 Gross

4 SIG 0.5 0.00064 10% 42 50.08 38 6.1 10 100.20 | AdjFins

5 PLN 1 000123

113 108-75, 12 1080-65%
Blank
Blank §
[ 1210675, 1x10B0-65%
6 PLMN 1 0.00128
7 SIG 05 000064 Adj
[ 0.0047 i1x106-75, 1x10B0-65% 0054 Gross
B SiG 05 0.00064 105 4.2 50.09 389 6.1 10 100.20 | AdjPins
9 PN 1 0.00128 0%
0.0028 |13 10B0-65% 0031 Gross 49 50.39 38 9.2 13 100.05 | AdjPlns
0 SIG (11 0.0018 Bas= Cu + Plating
0.07588
Space is Edge-Edge of Diff Pairs.
Company confidential Pitch is Center-Center of Diff pairs.




The impedance achieved with input stack up is given below:

Parnmatin Entry Unds
ﬂ ﬂliﬁ‘ﬂlﬁl m‘ﬂ‘ﬂla‘ E‘i‘ e e =S P
Tolerance  Minsrum  Mexirnem

Substate 1 Height HY [ 3000 4 [ ovooo [ 37000 [ 33000 Caicuiste
Subiswate | Disloctic B [ 38000 <~ [ 00000 [ 36000 [ 3B00D Colculete |

Lower Trace Width wi 215000 *f 00000 35000 35000

Uppor Trace Width W2 [ 25000 v+ [ ooooo [ 2s000 [ 25000 Colculete
Tincs Separation St [ w000 +- [ 60000 [ 44000 [ 44000 Catculsto |
Trace Thickness m 18000+ [ 00000 [ 18000 [ 18000 Calculate
Costing Above Substeate €1 [~ 10000+~ [ ooood [ 10000 [ 10000

Caating Above Trace €2 [ vpeeo - [ ooooo [ 10000 [ 10000

Coating Between Troces  C3 10000+ [ ooood [ 1oaod [ 10000

Coating Distectnic CEr [ 3sop0 +f [ ooooo [ 35000 [ 35000

. . o .
Diserertial impedance 2dit %44 %44 [ w4 [
Microstrip Neckdown -
. B Mare:
condition. o
. —Parameter Entry Units
= @ Mils " Inches " Microns " Millimetres

Tolerance  Minimum  Maximum

Substrate 1 Height HI [ 300 ++ | oooon | 3io00 | 31000 Caloulate |

Substrate 1 Dielectric Bl [ 3mwo - [ noooo [ 3000 [ 36000 Cah:u\atel

Lowrer Trace Width Wi [ 3sooo ¢~ [ ooooo [ 38000 [ 38000

Upper Trace Width w2 | zsooo - | 00000 | 28000 [ 28000 Caleulate |

Trace Zeparation St | 7ewo - | noooo | 7Eoon | 76000 Calcu\atel

Trace Thickness T | tmooo 4/~ [ noooo [ 18000 [ 18000 Cah:u\atel

Coating Above Substrate © [ rmeoo 4~ [ ogooo [ voooo [ 10000

Coating Above Trace ©2 | toeoo - | ogooo | 10000 [ 1.0000

Costing Between Traces €3 [ tooo +~ [ noooo | toooo | 10000

Coating Dielectric CEr | 30+~ [ nooon [ 3E000 [ 35000
Microstripline condition. | OMmiecenee 280 [T o

@ Extended MDLI



The impedance achieved with input stack up is given below:

Farametior Enfry Unils

co| eae|oes| | EE| oo o= B E O

" Inchas M Ml
Tal T T

Substrate 1 Height H1 [ dponn 4~ [ oonoa [ 40000 [ 40000 Calculae
Substrate 1 Dielactic Ert [ aenon 4/~ [ ponoo [ 3B000 [ 36000  Calculste
Substrate 2 Height Hz GAn00 /- 00000 54000 [ 54000 Calculate
Subsirate 2 Dislacinic Er2 3.6000 /- 0.0000 36000 [ 36000 Calculate ]
Lower Trace Widih W1 [T 40000 /- 0.0000 40000 [ 40000

Upper Trace Wicith e 30000 */- 0.0000 30000 [ 30000 Calculste
Trace Seperation S1 [ sooow /- [ ooooo [ sovoo [ 80000 Calculate
Trace Thickness T [ osaoo - [ ooooo [ osann [ @EEOD  Calculate
Ciitferantial Impadancs Zdit [ o071 10071 [ 10071 Calculste

. Mare
Company confidential
‘ E Farameter Entry Units
{t"‘ Mils (" Inches " Micrans " Millimetres

Dual Stripline condition.

P DT

(" Standard
® Extended

~G.5. Converuence —

Substrate 1 Height
Substrate 1 Dielectic
Substrate 2 Height
Substrate 2 Dielectric
Substrate 3 Height
Subsirate 3 Dielectric
Lower Trace Width
Upper Trace Width
Trace Separation

Trace Thickness

Differential Impedance

H1

Erl
H2
Er2
H3
Er3
1
e
51

e

Tolerance  Minirmum  Maximur

Zdiff | 96.46

Company confidential

[ zooan +~ [ oooon [ 3omon [ 30000 Caloulate |
[seo00 o+ [ oooon [ 36000 [ 36000 Caloulate |
[ 5000 < [ oooon [ 54000 [ 54000 Caloulete |
| 3soo0 +~ | noooo | 36000 | 36000 Caloulate |
| 3oooo <~ | woooo | 30000 [ 30000 Calculatel
[ 3soo0 +~ [ oooon [ 3ga0n [ 36000 Calouate |
| @00 +~ | ooooo | 38000 [ 39000
[ zaomn +~ [ oooon [ zsaon [ 28000 Calouiate |
[ea000 o+ [ ooooa [ 61000 [ £1000 Caloulate |
[osa00 <+ [ oooon [ 06400 [ 06400 Caloulte |
| @646 | 9646 |[CEEiiaE

Mare...

[T



The Via modelling is done in Ansoft HFSS and simulated at 5 GHz
which sweep frequency is extended upto 10 GHz. A via model with
top to Bottom is shownbelow:

)
‘oject Manager . X &7 Soli
= SP_T-B_gnd -3 She

-3 HFSSDesign (1| [E-14 Coc
P Model 2 Plar
- EF Boundaries -9 List:
- Excitations
B8 Mesh Operatio
B4 Analysis

[ Optimetrics
@ Results
=-[F Port Field Displ
- TGy Field Overays
? Radiation
-7 Defintions

10



The Via simulation 1s done for different via Layers. For S1 and S2
layers backdrill via is considered since the via result 1s poorwhile
considering stub part. Below Table shows the via impedance
simulation results:

Signal Via Ground via

T-B 10 20 30 40 10 20 30 0 0 -22.9167 | -0.2961
T-S8 10 20 30 40 10 20 30 0 0 -27.1446 | -0.2728
T-S7 10 20 30 40 10 20 30 0 0 -37.2383 | -0.241
T-S6 10 20 30 40 10 20 30 0 0 -29.6829 | -0.2126
T-S5 10 20 30 40 10 20 30 1 40 -24.4187 [ -0.2108
10 20 30 40 10 20 30 2 40 -16.7173 [ -0.2291
10 20 30 40 10 20 30 0 -17.0208 | -0.2063
T-S4 10 20 30 40 10 20 30 0 -16.4014 | -0.1576
10 20 30 40 10 20 30 2 30 -16.4274 | -0.1521
10 20 30 40 10 20 30 0 0 -16.5274 | -0.1562
T-S3 10 20 30 40 10 20 30 2 40] -15.4849 | -0.1824
.5 10 20 30 40 10 20 30 0 0 -13.7705 | -0.2385
10 20 30 40 Backdrill condition 0 0 -28.6119 | -0.0622
.51 10 20 30 40 10 [ 20 | 30 0 0 -12.6871 | -0.2908
10 20 30 40 Backdrill condition 0 0 -34.5589 | -0.0296

11



The return Loss graphs for different 10 Gbps via structures are
given below. The return loss for S1 and S2 layers is very poorafter
considering two ground vias also since the stub length ismore.

Return Loss HFSSDesign1 &
Gurve Info

— dB(SKDIfN Diff)).2
Imported

‘ T-31 and T-52 vias with stub has poor return loss below -15 db T

| dB(S‘t{Dm i)
e —— dB(SKDIf Diff1))
= ——|Imported
A3 dB(SHDI Diff)
i— —— dB(SKDIfN Difi))3
Imported
dBSIDit Diff)]
— dB(SH(DIfH,Diff1))_4
Imported

dB(H{Dm Dift) 0 |
— dB(3t{Diff1 Diff1)) &
Imported

dB{SH(Diff1 Dift1)) 1
== dB(St(Diff1,Diff1))_8
Imported

dB(Eﬂ(Dqﬂﬂ D|ﬁ1})|]

—— dB(St{Diff1,Diff1))_ 7
Imported

dB(Sl(DW Diftt }}|]

| dB(m(D«fH Diff1))_8
Imported
dB(SHDiff1,Diff1)) [

—_— ua{st(mn Dift1 )} 9
Imported
| dB(S({Dm Diff ))|]

— dB(St{Diff1 D|ﬁ1}} 10
Imported

dB(S‘h(D!ﬂ1 Dit)) 0

75.00 0.& ‘ T T T 2_60 T T ! ! 4.60 " ’ E ‘ 6‘60 ' ' ' ‘ s,b@ ' — : 10!00-

. Freq [GHz]
Company confidential g
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Via simulation results (Insertion loss) for differentlayers
considering stubs 1s given below: :

Insertion Loss

HFSSDesign1 &

0.00

1
|

Curve Info

e I
Imported

dBEOIDIND |
— dB(SHDIR2,Dif))_1 |

Imported
| dBSHDH,Ditf1))

— dB(SH(Dift2,Diff1))_2
Imported

dB(SH{Diff2,Diff1)) [

— dB(3t(Diff2,Diff1))_3
Imported

dB(SHDIf2,Ditf1)) |

| — aB(som0imy) 4|

Imported
dBEUDI2DND |
—— dB(SH(Dif2,DifM))_5
Imparted
dB(SY(Diff2,Diff1)) [

—— dB(SH(Dif2,Diff1))_6
Imported
dBSDHDHND |
—— dB(SH(Dif2,Dif))_7 |
Imported
dB(SH(Difi2,Diff1)) [ |
— dB(SH(Dif2,Diff1))_8

_|Imported

dB(SH(if2Dif1))

-1.00 T T T T T T T
0.00 2.60

Company confidential

400

Freq

IMX1: 5.0000]
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The combined TDR graphs for all the via types is given below for
impedance comparison:

TDR

HFSSDesign &

Qe big

Imported
_TDRZMDQ’M 1

Imported
TORZA(Ditf1)

Imported
TORZYDIT}

Imported

TOP-51 and TOP-52 via have around 87 ohm |>
= —r———— ==

Imported
TDRZA(Ditt1) 1

Imported
TDRZY(Diff1) I

Imported

Imported

— TRaDD | |
— TORZHDWN Y|
— Rz |
— TORZIDIN) .3
TR
— TORZHDf) 4|
— TORZDHN DS |
— TORZADI) 6 1
— oromin |

TORZADiOD ||
— TORZEDI) I8 |

—

_TDHZMDW )

80.00 T—T——T— ——— —T—T— T
0. 0&5 030 {).JI'S

Company confidential

5

Time [ng]

‘ 1&5 I

T

‘ 1.J15 I
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The Via simulation is done for differentvia height consideringstub.
Via simulation results for different layers with and without
backdrill is given below:

Signal Via Ground via

10 20 30 40 10 20 30 0 0 - -13.4071 |-0.2602

10 20 30 40 10 20 30 1 40 - -13.7039 (-0.2471
T-L1 10 20 30 40 10 20 30 2 40 - -13.7394 (-0.2471

10 20 30 40 10 20 30 2 35 - -13.7285 (-0.2476

10 20 30 40 10 20 30 0 0 -29.584 1-0.0297

10 20 30 40 10 20 30 0 0 -14.4473  -0.223
T-L2

10 20 30 40 10 20 30 0 0 -32.49521-0.036
T-L3 10 20 30 40 10 20 30 0 0 - -36.2623 1-0.1937
T-L4 10 20 30 40 10 20 30 0 0 - -50.8082 | -0.204
T-B 10 20 30 40 10 20 30 0 0 - -26.2818 | -0.23

15



The return Loss graphs for different 10 Gbps via structures are
given below. The return loss for S1 and S2 layers is very poorafter
considering two ground vias also since the stub length ismore.

Return Loss e
Curve Info

—— dB(St(Diff1.Diff))_1

dBSiBir Difrn) g

= dB(SIDfDiff 1)

dHSIDF DI ]

— dB(SUDif,Diff1))_2

diﬁg?ﬂ%ffi,mfﬂ)) il

—— dB(St(Diff1,Diff1))_3

imporled

JH8iBier Difr)

—— dB(St(Diff1,Diff1))_4

impont X

8B Diff1) [

oo dB(SIDITLD) 5

JH&HES 1. Difr)

8
g
\

— dB(SUDITTLDiff1)_6
S oy 0

4
g

Y1
a
8

8
g

-75.00

\I\I‘I\\L‘\\I\'I\\I'\III

-87.50

2_60 T T T T 4_60 T T T T 6_60 T T T T 8_4)0 T T T T -

Company confidential Febb00

o
E
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Via simulation results (Insertion loss) for differentlayers
considering stubs 1s given below: :

Insertion Loss HFSSDesign1 4
Curvelnfo |
—— dB(SH(Diff2,Diff1))_1
dfﬁg?(%ﬁ?.-?ifﬂ))um. |
—— dB(SHDiff2,Diff1)) |
Eﬂd(méﬁz,nim)) il i
= dgs{(bif-rz,ijifh))j
dB(SOI2DIN) ]
— dB(S1(Diff2,Diff1))_3 |
Imported .
|G 0t g
— dB(SHDIff2,Diff1))_4 |
dI':ﬁS:{Difo,Difﬂ)) i |
;m dB(St(Diff2, Diff1))_5
dB(St{Diff2,Diff1)) [1 I
I dB(EDif2.Diff ) 6
ABSHDIZ.DIf) [}

o
=]

s
8

-0.40

Y1

&
3

&
8

g

o

ha T T T T 2-4}0 T T T T 4_60 T r, T T 6_60 I . | | 8-60 I LA | | =,
Company confidential
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The combined TDR graphs for all the via types is given below for
impedance comparison:

TR HFSSDesignt &

JCovelnfo [ |
—— TDRZDIff1 [ |
Im,

iff 1]

|— IDRADIFNG 1 |
Im E

" | I nfident | | o e e T | | ook I ‘ Y
Company conﬁdential Time [ns]
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4

Based on the above via analysis, the following conditions can be
followed regarding the use of vias for 10Gbps channels:

A T A

We can use Top, Bottom and S8 layers without ground vias

Use of one Ground via S7 signal vias is preferrable.

S5and S6 layer signal vias need 1 or 2 ground vias.

The S3 and S4 layer vias need two ground vias.

S1 and S2 vias need backdrill condition. Via stub less than 20 mils is preferred.

S1 layer and S2 layer routing without backdrill is not recommened for 10 Gbps
channels since the via return loss is poor..

Please use dogbone structure for differential vias ( common clearance).

19



vd

The impedance discontunuity between the trace and ac cap is
checked by modelling in Ansofttool.

Trace parameter:
Trace width = 3.8 mils

Cap Pad:
Pad width = 0.36 mm (14.17 mils)

CAF PAD S Plot 1 CAP_FOOTFRIN &,
00 e N - Trrenis
N |—— b SNET. 14 HET 14
- CAP_1
- —— dB(S{NET- 15 NET- 141}
e
1000 — W//i
o |
|
sisn |
i b ns o b o
Company confidential  mrzm i
i 550
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The cut out in the immediate ground layer below the capacitorpad
in order to improve the impedance as show below:

Clearance parameter:
Clearance width = 0.36 mm (14.17mils)

Clerance Length = 0.36 mm

CAP_pad oprtimized S Plot

v C'om.paily Icoﬁ"ﬁdlenllzig,ﬂl
Caliber Interconnect Solut

ions Pvt Ltd

o7

Frea {GHz]
30000

21



CAP PAD S Plot 1 CAP_FOOTPRIN &

-10.00 —
il | 175 [
—‘/mm

I | _ //
’//

~ Curvelnfo
—— db(S(NET-14NET-14)) PAD optimized |

Imported

db(S(NET-14 NET-14)) [I |
——  db(S(NET-14,NET-14)) original cap pad ||
CAP_1

o.00 ' ' ' ' 2&0 ' ' ‘ ‘ 4.& ‘ ‘ ‘ ‘ 66‘0 ‘ ‘ ' ' 8{]0

Freq [GHz]

Company confidential  mezw 32500

W50

Red colour graph is return loss with the original cap pad condition
where the green colour is the return loss after capacitor pad
optimization.

The return loss for optimized cap is very low compared to original

capacitor pad which means the reflection is reduced in second case.

10.00
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4

Based on the above Capacitor pad analysis, itis necessary to do capacitor pad
optimization for 6.5Gbps and 10 Gbps channels:

1. In order to optimize the capacitor pad impedance we need to make a
cut out below the capacitor PAD in the immediate ground plane so that
the capacitor pad reference will be in the second ground plane which
will improve the pad impedance near to trace impedance.

2. The dimension for cut out should be equal to the capacitor pad
dimension as we show in the capacitor pad analysis ( optimized case).

Length of the cut out = 0.36 mm Width of the cut out = 0.36 mm

23



The impedance discontunuity between the trace and optical pad is
checked by modelling in Ansofttool.

Trace parameter:
Trace width = 3.8 mils

Optical Pad:
Pad width = 0.39 mm (15.37 mils)

CONN_1 S Plot 1 CONMECTOR_FOOTPRIN 4+

-15.5389

8 ‘
32
II\\‘\II\‘III\‘\I\\

-8750

B Cbmi)aﬂy confidential R
24



The cut out in the immediate ground layer below the optical pad in
order to improve the impedance as show below:

Clearance parameter:
Clearance width = 0.39 mm (15.75mils)

Clerance Length = 0.39 mm

Clearance below
Connector PAD

CONN_2 S Plot_1 CONNECTOR_FOOTPRIN  #

g ‘
8
I ‘ Ll | | | L 11| ‘ L 111

-80.00

0. ‘ ' ‘ ' ' 0 ‘ ‘ ‘ 460 ‘ ' ' ' 6.&) ‘ ‘ ‘ ‘ 8.&) ‘ ' ' ' 10.00
Company confidential reaio
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CONNECTOR CONNECTOR_FOOTPRIN &

_ | | Curve Info
1 | | —— dB{S(NET-12,NET-12))
T | | COnle 2
b | | —— dB(S(NET-9,NET-3))
Imported
T | [ | | I | | [ [ | e SRRl
] | 155389 | " " T
L /
i ZEAT50
83750 —
& - [
B - |
N o)
o50.00 — !
e W o)
-62.50 —f
75.00 —§
-87.50 T T T T T T T T T T T T T T T T T T T T
0.00 iiﬂ . 4 6’(’ B é){} S,J)() 10.00
Company confidential Frea fGH)
5.0000

Green colour graph is return loss with the original optical module pad
without clearance where the blue colour is the return loss after module pad
optimization.

The return loss for optimized cap is very low compared to original optical
module pad which means the reflection is reduced in second case.
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4

Based on the above Connector pad analysis, it is necessary to do connector pad
optimization for 10 Gbps channels:

1. In order to optimize the connector pad impedance we need to make a
cut out below the connector PAD in the immediate ground plane so that
the connector pad reference will be in the second ground plane which
will improve the pad impedance near to trace impedance.

2. The dimension for cut out should be equal to the connector pad
dimension as we show in the connector pad analysis ( optimized case).
Length of the cut out = 0.39mm

Width of the cut out = 0.39 mm

27



vd

VPX Connector Footprint via is modelled in HFSS and simulated
for both with stub and without stub case. A minimum of 1.8 mm pin
length 1s considered in bothcase.

Company confidential Au
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VPX Connector Footprint via simulation results with backdrill and
without backdrill is shown below.

S-parameter HFSSDesign1
000 Curve Info
bl ——  dB(SH{Diff1,Diff1))
= WizardSetup :Wiza:dfm'eep_
- — dB(St{Diff2,Diff1))
— Wiznrdehuy . Wicard swhen
g = | —— dB(StDiff1,Diff1))_1
10.00 Imported
- ! dB(SHDiH Diff1)) [
I N N 7]
] ! Red - With Stub — dB(SIDIf2DIff).1
=l 1 = o | mpaorted
: Blue - without Stub (1.8 mm pin length) dAB(SHDNff2, Diff1)) [
il | 7 T T T T = T
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v'As seen from the above simulation results, there is no much change
in the simulation results with and without backdrill condition because
the minimum pin height of 1.8 mm is considered for backdrill. Based

on this the VPX connector footprint via structure is given below:

SP card VPX connector Via

Signal 0.56 1.1 1.6
GND 0.56 1.1 1.6
Backplane VPX connector via

1.35& 1.8

Signal 0.65 1.02 1.7

1.8

GND 0.65 1.02 1.7

v'The above suggested antipad gives best performance but please
adjust the antipad in layout so that traces have proper ground

reference.
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v'The following images is the full channel topology modelled in
Ansoft for s-parameter simulation. All the capacitor pad and vias are
the s-parameter model imported after separate modelling using HFSS.

e
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700 7800 -9.8984-15.9146

7000 14100 | -14.3012f-16.5103

Sigl 300 700 3000 Sig2 NA 3100 S2 NA 8000 15100 1 -15.0102-16.5103
9400 16500 | -16.0424-16.8479

700 7800 -9.6963[-18.7522

7000 14100 | -14.119§-19.9642

Sigl(BD)| 300 700 3000 Sig2 NA 3100 S2 NA 2000 15100 | -14.7949 -20.4053
9400 16500 -15.85-19.9831

700 7800 [ -10.1546/-13.5665

7000 14100 | -14.5533(-14.1705

Sig8 300 700 3000 Sig2 NA 3100 S2 NA 3000 15100 1 -15.2253-14 3464
9400 16500 | -16.2649-14.1657

700 7800 -9.7208-11.7302

7000 14100 | -14.1072-12.4985

Bot 300 3700 NA Sig2 NA 3100 S2 NA 3000 15100 | -124.8457-12.1284
9400 16500 | -15.849§-12.3273
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v'Wehave selected the worst case length channel for eye diagram

verifcation.

v'The eye simulation window inADS 1s given below:

VAR .

e e ] . - GOAL T_AMI
| COAL | I | tap2=0 {o]
Goal tap1=11 {o}
%:r'ﬂ e OptimGoal2 - ptap=3 o]
: Expr="Eye_Probe1 HeightAtBER" .
Bqr="Eye_ Probe 1 WidthABER" SiminstanceName="ChannelSim1"
StmlnslanoeName—"ChanneESsm1 Weight=
Weight=10
Wepghl=1
I o
s e eF
T AW TV e
T AMI1 —
ComponentNam(.L'Strat)ﬁG)( T)€ AMlvarName[%=ptap - CHANNEL -
FinNarhe="214""- - -~ = ; AMivarName[10]=inv_tap2’
ModelName="85GX- R100-_10mA 15p5 AMivarName[11]=inv_piap
SetAllData=yes . . . ... AMlvarvalue[1]=4 .
DataTypeSelector=Typ AMlvarValue[2]=0 _
UsePkg=yes AMivarvalue[3]=True
BitRate=10 Gbps AMlvarvalue[d]=True =~ ~ Obtirﬁ o
AMbvarName[1]=tgnore Bits - AMivarvalue[5]=False " optim1
AMvarName[2]=Max_Init_Aggressors . AMivarvalue[6]=4 i hme— Shddn Hec Al gn—es
AMlvarName[3[Finit Returns_Impulse . AMivarValue[7]=10 it it
AMlvarName[4|=GetWave _Exists AMIvar\-’éEue[SF{} . DesiredError=0.0 . . EnableCockpit=yes .
AMIvarName[5]=Use_| Inrt Oulput AMlIvarvalue[9]=2 2
AMvarNarme[6[=Vod AMivarvalue[10]=1 - : E’:ﬁ:ﬁ:rf;:‘_w e wriliieh
AMbarName[7]=tapt AMivar\.@h&e[11]=1 : " Normalize Goals=yes °

AMlvarName[8]-tap2

- Company confidential

* SetBestvalues=yes
. SaveBolns=yes
. SaveGoals=yes

SaveOptimVars=no

" UpdateDataset=yes -
- SaveNominal=no -
- SaveAlllterations=no -
. UseAllOptvars=yes

Eye Probe
= =——=| Eye Probel -

"R AMI -

; ComponentName—'R1 305{]9FFL)(14?1D3BTL .
. PinName="2p"
ModelName="R1 30609FFLX 14?1 D3BTL
" SetAllData=yes
Da'laTypeSete(:mﬁTyp
. UsePkg—yves

|$| ChannelSim I

ChannelSim

ChannelSim1
NurhberOfBits=30000 {-t}
Tolerance Mode=Auto
EnforcePassivity=yes .
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v’ The eye diagram at Optical RX without TX equalization:

Mask
BERContour

Eve at Optical RX Without TX Equiization
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v The eye diagram at Optical RX after TX equalization without Tx Jitter:

hiask
BERContour
Density

Eye at Optical RX after TX Equlization
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Level1 0.325
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v'The eye diagram at Optical RX after TX equalization with Tx Jitter:

Eye at Optical RX after TX Equlization
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Mask
BERC ontour

v’ Theeye diagram at FPGA RX before RXequalization:

Density

3
=
E
a
o
e
w
m

Eye at FPGA RX with no RX Equlization

fime, psec
1.0E-300
5.0E-301
00— I
-5.0E-301
1.0E- 200 ;2 3
A : > i 3 a N g g =
= = w &£ & 3 B OE & B &
moom m m m aomR m e o
§ 8 8 8 8 5 8 8 8 8
time, sec

TimingBathtub

02

0.4

08

Eed measurement Summary
Levell 0.032
Levell -0.032
LevelMean 3.757ED
Amplitude 0.063
eight a.000
HeightDB a.000
idth 0.000
SNR 1.966
RiseTime B.4TE-11
FallTme 550411
JitterPP 1.000E-1
JitterRMS 2.M9E-11
Width AtBER 0.000
HeightAIBER -0.032
MaskViolated 1.000
| | o5 -
| | o
I | E ]
= | 4.5 T
= =]
A ANIE 1= |
| \ B |
|| / e \/
T T T T T T T L i (P
20 40 60 80 100 120 140 180 180 200 LENN T LI L L
-008 008 D04 -0 00D 002 004 008
time, psec
voltage

40



Eye at FPGA RX after RX Equlization

v'The eye diagram at FPGA RX after RX equalization without Tx Jitter:
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Eye at FPGA RX after RX Equlization

v'The eye diagram at FPGA RX after RX equalization with Tx Jitter:
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v’ The parameters used in the channel simulation is given below:

Channel Length 15500 mils
Simulation datarate 10 Gbps
TX parameters |
Titter Dj=0.123UI
Rj=0.011UI
PRBS value 15
VOD 8 NA
Tapl 23 NA
Tap2 2 NA
Ptap 10 NA
Inv_tap2 0 NA
inv_tap 1 NA
RX parameters
Fiber Length 10 10
rxacgain NA 9
dcacgain NA 3
mode NA 2
tapl NA 6
tap2 NA 7
tap3 NA 0
tap4 NA 2
tap5 NA 3
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4

v'The eye mask at Optical RX is created with the following values:
v'Eye height = 180mV
v'Eye width = 34 ps

v'The eye mask for FPGA RX is given below:
v'Eye height = 85 mV
v'Eye width = 34 ps

v'/As shown in the eye diagram, the minimum eye spec is achieved after
equalization.

v'Dj and Rj values are applied in TX as per Startix V characterization data.
v' All the eye spec 1s checked at BER of 107-12.
v'BER contour as well as bath tub curve is shown in the graph for reference.

vFor Optical TX, we have used internal TX ami model from ADS with
differential voltage swing of 300 mV,
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1000 8 28.576 8 11.0337

2000 8 36.25 8 18.235

3000 8 41.035 8 27.112

Microstrip 4000 10 48.569 10 52.7731
12 35.056 12 45.256

10 61.572 10 74.5062

12 50.671 12 67.8637

5000 14 42.23 14 60.796

16 35.207 16 48.563

Stripline 3000 10 4.3231 10 25.236
4000 10 5.4342 10 38.9994

5000 10 9.17 10 20.8843

6000 10 13.942 10 19.6499

9000 12 26.1132 12 28.1662

Caliber Interconnect Solutions Pvt Ltd

45



casel

10G DBFSP card to Optical card Transceiver channels through
Backplane

TOP, BOT, S8,57,S6 and S5 (WITHOUT BACKDRILL)

S1,S2 (WITH BACKDRILL)

3.5/4.4 Max300 3.8/7.¢ 700 4/8 11000 14,000

case2

3.5/4.4 Max300 3.8/7.¢ 700 4/8 13500 14,500

CASEIl

CASE2

AGR Data Transceivers between FPGA1 of DBFSP card and Optical
transceivers on Transceiver card (Through Back panel)

AGR Data Transceivers between FPGA1 of AGR-SIM card and
Optical transceivers on Transceiver card (Through Back panel)
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mils

Inside BGA >4.2 Inside BGA >4.2
Upto 2000 mils 8 Upto 2000 mils 8
2000< 10 2000< 10
Length<4000 Length<3000
Microstrip (TOP/BOT)
3000< 14
4000< . Length<4000
Length<5000 4000<Length<500
16
0
Inside BGA >4.2 Inside BGA >4.2
Upto 6000 mil 10 Upto 5000 mil 10
Stripline (S1-S8) pro HEVL IS pro STRE S
6000 109000 12 6000 to 9000mils 12

Caliber Interconnect Solutions Pvt Ltd
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Signal Via

TOP -Sigl | Backdrill 10 20 30 40 Nil Nil Ni| Nil Nil
Necessary
TOP-Sigz | Backdrill 10 20 30 40 Nil Nil Ni| Nil Nil
Necessary
TOP-Sig3 |  With Backdril] 10 20 30 40 Nil Nil Nil Nl Nil
TOP -Sig3 Withg;‘itl?”k 10 20 30 40 10 20 30 2 40
TOP-Sigd |  With Backdril] 10 20 30 40 Nil Nil Nil Nil Nil
TOP -Sigd Withg:ifaCk 10 20 30 40 10 20 30 2 40
TOP-Sig5 |  With Backdril] 10 20 30 40 Nil Nil Nil Nil Nil
TOP -Sig5 Withg:ﬁ?“k 10 20 30 40 10 20 30 1 or2 40
TOP-Sigs | BackdrillNot 10 20 30 40 10 20 30 1 or2 40
necessary
TOP-sig7 | BackdrillNot |, 20 30 40 10 20 30 0 orl 40
necessary
TOP-Sigg | BackdrillNot 10 20 30 40 No need for GND vias
necessary
TOP-BOT Back drill Not 10 20 30 40 No need for GND vias
necessary
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Cap Pad 0.36 0.36 TOP
L4 - GND
Clearance 0.36 0.36 L2 - GND
Optical Module Pad 0.39 1 TOP
L5-GND
Clearance 0.39 1 L2 -GND

J” Clearance below
Connector PAD

Company confidential

Caliber Interconnect Solutions Pvt Ltd

Company confidential
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v Skew between the within differential pair is preferred to be within5
mils tolerance.

v" Skew matching is preferred to be done near the receiving pin or
discontinuity.

v Some of the preferred skew matching is shown below:

Tracewidth chang
maintain impedan

Company confidential

Laver TW | Spacing,S |Serpentine Length,
Y (mils) | (mils) L (mils)
Microstrip
(TOP/BOT) 4.2 10 15-20
Stripline
(S1/S2/S7/S8) 4.2 12 15-20
Dual stipline
(S3/S4/S5/S6) 4.2 10 15-20
Neckdown
‘I (Microstrip) 4.2 6 12-15
Company confidential Neckdownarea 3.8 6 12-15
(Stripline) '
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4

(General Guidelines

v

v

v

Please try to maintain the uniform spacing through out the trace length since the
change of spacing cause change in impedance.

Please try to avoid trace routing over voids since it makes impedance variation.
Arc routing can be followed for high speed routing.

The trace length mentioned in the constraints is the maximum values which can be
reduced in the layout so that the channel loss is less.

Please avoid overlapping of traces more than 100 mils in dual stripline layers since
it will increase the broadside coupling between the traces and causes more
crosstalk.

If possible please avoid the use of dual stripline layers (S3-S4 & S5-S6) for high
speed signals.
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vd

General Guidelines

v" The spacing betwenn the channels should be increased more than the constraint
if available since the crosstalk will increase in the actual layout enviroment.

v' Please follow the commom clearance (dogbone structure) for differential vias.
v" All the via spacing mentioned is centre to center not the air gap.

v' Please take care more in dual stripline layer (S3-S4 & S5-S6) routing

— like maintaning spacing between the dual stripline layer signals, reducing the
trace overlapping length, orthogonal routing etc so that the broadside coupling
is reduced in the actual layout enviroment.
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4

v'The Pre-layout SI analysis for DBFSP to Optical card 10 Gbps Transceiver
channels through Backplane has been performed and design constraints have
been generated based on the simulated results.

v'All the design constraints are based on the minimum requirements. So, it1s
recommended to use below the constraint limit as less as possible.

v'"Not only design constraints values mentioned, it i1s recommended to follow
the points mentionedin General Guidelines for betterperformance.

v'NFP (non functionalpads) should be removed for allvias.

v’ Please maintain continuous reference for all the signals.
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Contact us )
sales@caliberinterconnect.com— =

Visit us at |
www.caliberinterconnect.com
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