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« Trace Design
« Zones of control

- Show a step-by-step process to create near-optimal
transitions
1. Create a through design with launch on top and bottom
2. Use this to adjust

a. Signal via drill size
b. Thin and thick trace antipads
c. Ground via drill size

- Remove bottom launch and add trace escape
- Optimize plane antipads above and below the trace escape layer
- Optimize the fillet tuning feature
- Fine tune ground via radius




BOR Trace Design

Important Parameters

- SviaDiameter_SigVia - 0.2, 0.225, 0.25 mm / \
(8, 9,10 mil)
- SpadAnnularRing - 0.115, 0.127 mm
(4.5, 5 mil)
- SminAnnularClearance — 0.1 mm
(4 mil)

- Pad Diameter =
SviaDiameter_SigVia + 2 * SpadAnnularRing




Routing Region

Remember!

A via pad defines the
via capture region that
is the circular
probability of error of
the drill strike location.

An annular clearance
is created to account
for manufacturing
tolerances in
placement of the via
and the trace etch.

BGA Pitch
ﬁ
Via Diameter
Trace Routing /

Region
D e g —— P3d Diameter
\ Antlpad Diameter

# «

AnnularClearance

Available Trace Routing Space = BGA_Pitch — Antipad_Diameter

Antipad_Diameter = ViaDiameter + 2 x PadAnnularRIng+ 2 x MinimumAnnularClearance



Trace Geometry

BGA Pitch
_

Trace Pitch

Trace Routing Space = TracePitch + TraceWidth



Routing Space for 1. mm BGA

BGA Pitch BGA Pitch
< > < >
Via Diameter
Trace Routing /

Region
‘ ‘<—> Ap——Pac Diameter
\ Antipad Diameter

* «
Trace Pitch AnnularClearance

BGA Pitch (mm) Via Diameter (mm) Pad Annular Ring (mm) Min Annular Clearance (mm) Available Routing Space (mm) Available Routing Space (mi)

1 0.2 0.115 0.1 0.37 14.57
1 0.2 0.127 0.1 0.346 13.62
1 0.225 0.115 0.1 0.345 13.58
1 0.225 0.127 0.1 0.321 12.64
1 0.25 0.115 0.1 0.32 12.60
1 0.25 0.127 0.1 0.296 11.65



Trace Design for 92.5 Ohm Impedance

Trace Dk =3, 0.25 mm Drill, 0.115 mm Clearance

BGA Pitch

I
v

I
Allowable Trace Routing Range I ——
@92.5 Ohm Trace Pitch

Trace Width

6.1 &7 metal gignal COppEr programmablednizotropich atenal (0. Ermil
6.6 27 _die diglectric pragrammabled nizatropichd aterial il
;é 28_metal zignal COppET programmabled nizatropichd atenal (.Gl
Q1 28 die dielectnc programmablednizotropichd aterial 5. 239mil
4.8 8.2 13 29 _metal sighal Copper programmablednizotropich ateral — 0.6mil
4.9 8.5 13.4
5 8.7 13.7

BGA Pitch (mm) Via Diameter (mm) Pad Annular Ring (mm) Min Annular Clearance (mm) Available Routing Space (mm) Available Routing Space (mi)

1 0.2 0.115 0.1 0.37 14.57
1 0.2 0.127 0.1 0.346 13.62
1 0.225 0.115 0.1 0.345 13.58
1 0.225 0.127 0.1 0.321 12.64
1 0.25 0.115 0.1 0.32
1 0.25 0.127 0.1 0.296 11.65




Trace Design for 92.5 Ohm Impedance

Trace Dk =3.5,0.225 mm Drill, 0.115 mm Clearance ﬂ'[@

) BGA Pitch .
I
[ —
Allowable Trace Geometry Range

@92-5 Oh m Trace Pitch

Pitch (mil) Route
6.94 &7 metal gignal COppEr programmabled nizotropichd atenial 0.&rnil
7.5 27 _die diglectric pragrammabled nizatropichd aterial il
:; 28_metal zignal COppET programmabled nizatropichd atenal (.Gl
0'7 z 28 die dielectnc programmablednizotropichd aterial 5. 239mil
9.9 14.7 29_metal zighal COppES programmabled nizatropichd atenial 0. Grnil
10.3 15.2

5 10.7 15.7

BGA Pitch (mm) Via Diameter (mm) Pad Annular Ring (mm) Min Annular Clearance (mm) Available Routing Space (mm) Available Routing Space (mi)

1 0.2 0.115 0.1 0.37 14.57
1 0.2 0.127 0.1 0.346 13.62
1 0.225 0.115 0.1 0.345
1 0.225 0.127 0.1 0.321 12.64
1 0.25 0.115 0.1 0.32 12.60
1 0.25 0.127 0.1 0.296 11.65



Zones of Control

[ %) m B & = = .
r _u 5 SelonT - Fe Electromagnetic
anesBelowTop I Shadow
1
ThinTracelayers | ! '
[~ § = 2 ]
C L
- ThickPowerPlanelayers
ThinTracelayers
Y . : i /PlaneAboveTrace
T Trace
BackdrillLayers “NPlaneBelowTrace




Solderball Parameters
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e — W,

ld b II d . h Name Value Unit |Evaluated V'

SSO eroa M' HE|g t - v_l;gaGndFm;h -S: gaGndPitct . AE‘: 8mm |
_bgaSighitch $bga T 0.8mm

) ‘_10 wiPitch $rowPitch 1.8mm

_solderbaliHalOrFull $solderballHalOrFul 0
_solderballHeight $solderballHeight 0.53mm
_solderbaliMidDiameter $solderbaliMidDiameter 22 5mil
_solderbaliMidHeight $solderbaliMidHeight 0.265mm
_solderballiPcbContactDiameter $solderballPCBContactDiameter 19.16mil
_solderballTopDiameter $solderballTopDiameter 19.16mil

PEC Waveport metal is sized to be the width of the ball row-to-row pitch.

Length is from middle of gnd balls.
This facilitates “tiling” of multiple launches on a board.

—

SSolderballTopDiameter

SSolderballMiddleDiameter

SSolderballPCBContactDiameter

SrowPitch



1 mm Pitch BGA
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Dk 3.0

Vary Drill Size (0.2 to 0.25 mm)
Vary Antipad (0.6 to 0.9.mm)

Impedance - Differential - Risetime = 10.3 ps (20-80%)
I I I

125 T
=———Dk3pt0_drillOpt2_antipad_0pt6; Portl-Port2
= Dk3pt0_drillOpt2_antipad_0pt9; Portl-Port2

L 0.2 mm / 0.9 mm ——— Dk3pt0_drillopt225_antipad_Opt9; Portl-Port2 ||
120
= Dk3pt0_drillOpt25_antipad_0pt9; Portl-Port2
Dk3pt0_drillOpt25_antipad_Opt6; Portl-Port2
———Dk3pt0_drillOpt225_antipad_Opt6; Portl-Port2
115 Setupl_Sweepl_DV190.s4p; Portl-Port2
0.225 mm / 0.9 mm Setupl_Sweepl_DV191.s4p; Portl-Port2
Setupl_Sweepl_DV192.s4p; Portl-Port2
110 - Setupl_Sweepl_DV193.s4p; Portl-Port2
dk3pt0_L23trace.sdp; Portl-Port2
= 0.2 mm /0.6 mm
g 105~ 0.25mm /0.9 mm B
c
[
o
® 1001.0.225 mm / 0.6 mm i
o
E
o 0.25mm /0.6 mm |
90 - -
85 - -
80 | | | | |
-0.1 -0.05 0 0.05 0.1 0.15 0.2

Time (ns)



Dk 3.0

Drill Size (0.25 mm), Thin Layer Antipad (0.68 mm) ﬂ'[@
Vary Top Antipad (0.9t 1.2 mm)

125 Impedance - Differential - Risetime = 10.3 ps (20-80%)
T T 1 1

Dk3pt0_drillOpt2_antipad_0pt6; Portl-Port2

Dk3pt0_drillOpt2_antipad_0pt9; Port1l-Port2

120 Dk3pt0_drillOpt225_antipad_0pt9; Port1l-Port2

Dk3pt0_drillOpt25_antipad_0pt9; Portl-Port2

Dk3pt0_drillOpt25_antipad_Opt6; Portl-Port2

Dk3pt0_drillOpt225_antipad_0pt6; Portl-Port2

115 - = Dk3pt0_drillOpt25_antipad_0pt68_topAntipad_1pt2; Port1l-Port2

= Dk3pt0_drillOpt25_antipad_0pt68_topAntipad_1ptl; Port1-Port2
Dk3pt0_drillOpt25_antipad_Opt68_topAntipad_1pt0; Port1-Port2
Dk3pt0_drillOpt25_antipad_0Opt68_topAntipad_Opt9; Port1-Port2
dk3pt0_L23trace.sdp; Portl-Port2
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85 - n
80 | | | | |

-0.1 -0.05 0 0.05 0.1 0.15 0.2

Time (ns)



Baseline Trace Escape

Drill (0.25 mm), Top Antipad (1 mm) ﬂ'[@
Thin Layer Antipad (10.68 mm); Backdrill Stub (6 mil)

Impedance - Differential - Risetime = 10.3 ps (20-80%)
I I I

125 T T
Dk3pt0_drillopt2_antipad_Opt6; Portl-Port2
Dk3pt0_drillopt2_antipad_Opt9; Portl-Port2
120 Dk3pt0_dr[|l0pt225_an_tipad_0pt9; Portl-Port2
Dk3pt0O_drillOpt25_antipad_0Opt9; Portl-Port2
Dk3pt0O_drillOpt25_antipad_0Opt6; Portl-Port2
Dk3pt0_drillOpt225_antipad_Opt6; Port1-Port2
115 Dk3pt0_drillOpt25_antipad_Opt68_topAntipad_1pt2; Port1-Port2
Dk3pt0O_drillOpt25_antipad_0Opt68_topAntipad_1ptl; Port1-Port2
Dk3pt0_drillopt25_antipad_0Opt68_topAntipad_1ptQ; Port1-Port2
110 F Dk3pt0_drillopt25_antipad_Opt68_topAntipad_0pt3; Port1-Port2
dk3pt0_L28trace_baseline.sdp; Portl-Port2
S
‘E,' 105 —
%)
c
[}
2
o 100 — —
E
95 - =
90 - =
85 - -
820 1 | | | |
-0.1 -0.05 0 0.05 0.1 0.15 0.2

Time (ns)



Baseline Trace Escape

Drill (0.25 mm), Top Antipad (1 mm)
Thin Layer Antipad (10.68 mm); Backdrill Stub (6 mil)

Return Loss - Differential
T

0 T T T T T .

Magnitude (dB)
w
o
T
|

Dk3pt0_drillOpt2_antipad_Opt6
-40 Dk3pt0_drillOpt2_antipad_0pt9
Dk3pt0_drillopt225_antipad_0pt9
Dk3pt0_drillOpt25_antipad_0pt9
Dk3pt0_drillOpt25_antipad_0pt6
Dk3ptO_drillOpt225_antipad_Opt6
=50 |- Dk3pt0_drillOpt25_antipad_Opt68_topAntipad_1pt2 [
Dk3ptO_drillOpt25_antipad_Opt68_topAntipad_1lptl
Dk3ptO_drillOpt25_antipad_0Opt68_topAntipad_1pt0
Dk3pt0_drillOpt25_antipad_0Opt68_topAntipad_Opt9
dk3pt0_L28trace_baseline.sdp

-60 | I | I | I |
0 10 20 30 40 50 60 70 80

Frequency (GHz)




Optimized TraceEscape

Antipads Above and Below Trace Varied

Insertion Loss+Return Loss - Differential
|

aval A
AT |

f
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-60

Magllﬂtude (dB)
3 8
N

-70 -

-80 [~

-90 -

0 10 20 30 40 50 60 70 80
Frequency (GHz)



Optimized TraceEscape

Antipads Above and Below Trace Varied

Impedance - Differential - Risetime = 10.3 ps (20-80%)
T T T

100
98 - -
96 -
gd f— —
= 92 = Dk3pt0_drill0pt25_antipad_0pt68_topAntipad_1pt0; Port1-Port2
E =——dk3pt0_L28trace_baseline.sdp; Portl-Port2
[+ 1] Setupl_Sweepl_DWV201.sdp; Portl-Port2
e Setupl_Sweepl_DV202.s4p; Portl-Port2
o 90 - Setupl_Sweepl_DV203.s4p; Portl-Port2
U = Setupl_Sweepl DV204.s4p; Portl-Port2
E‘ Setupl_Sweepl_DV205.s4p; Portl-Port2
= 88 Setupl_Sweepl_DV207.s4p; Portl-Port2
Setupl_Sweepl_DV208.s4p; Portl-Port2
Setupl_Sweepl_DWV210.sdp; Portl-Port2
86 Setupl_Sweepl_DV211.sdp; Portl-Port2
Setupl_Sweepl_DV212.s4p; Portl-Port2
Setupl_Sweepl_DV213.s4p; Portl-Port2
84 - Setupl_Sweepl_DV214.s4p; Portl-Port2
Setupl_Sweepl_DV215.s4p; Portl-Port2
Setupl_Sweepl_DV216.s4p; Portl-Port2
82 - Setupl_Sweepl_DV217.s4p; Portl-Port2
Setupl_Sweepl_DWV218.sdp; Portl-Port2
Setupl_Sweepl_DV219.s4p; Portl-Port2
80 | | | Setupl_Sweepl_DV220.s4p; Portl-Port2
-0.1 -0.05 0 0.05 0.1 0.15 0.2

Time (ns)



Optimized BGA Launeh
Trace Width/Pitch (4.5 /7.6 mil)

Sami|ec

Trace Antipad ( 0.94.mm), LowerAntipadOffset (0.06 mm)

Trace Geometry modified to
route through 1 mm via field
Trace SE-to-Diff transition

0.1 mm after Antipad
Crossing to accommodate
manufacturing variation

Lower Antipad Offset /

O O OO




Summary

- Create trace designs that maximize area between vias for
various via drill diameters and annular ring requirements.

- Optimize using “Zones of Control” and simple thru structure
with BGA ball/waveport model.

- Use step-by-step process to create near-optimal
transitions
1. Create a through design with launch on top and bottom
2. Use this to adjust
a. Via Drill Size
b. Antipads
- Remove bottom launch and add trace escape
- Optimize plane antipads above and below the trace escape layer
- Optimize lower trace antipad offset

- Rinse and repeat
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