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Automotive PCB Design Rules

Prepared By: Bill McCracken
Date/Rev:
May 27, 2015 – Minor text updates

Added  “Min Land Size Derivation” to Reference section

May 18, 2015 – Changed TDA3x references to TDA2x; Updated IPC Classification slides 
to align with latest IPC-2221, RevB standard; Added PCB Design Tradeoff & J6 23x23, 
ABC package drawing

May 15, 2015 – Increased BGA land pad dia from 0.356 to 0.4mm to align for best solder & 
mechanical reliability, updated IPC background slide

Dec 02, 2014 – Added Ref Design slides, clarified slide titles & added CDDS link for Ref PCB
Aug 15, 2014 – Added slide with Reference Design CDDS links 
April 09, 2014 – Fixed typos on Class-3 slides
April 08, 2014 – Added IPC Class-2 & Class-3 PCB Design Parameter tables & supporting diagrams; 

Clarified J6 8-Layer Ref PCB Design Parameter & Diagrams
Dec 16, 2013 – Updated Via size to 18/8mils (Ring/Drill) per feedback from Via Systems for 

Class 2 PCB.
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Reference Design
• Design Optimization Study 

– OrCAD SCH & Allegro PCB source files provide a starting point
• Verified SoC Schematic Symbol
• IPC-Class 2 PCB design parameters

– Through-hole vias, PCB thickness & conductor clearance
– Reduces PCB manufacturing costs & improves reliability

• 100% signal & power breakout 
– 23x23 Via Channel BGA
– Total of 8 layers

• DDR3 Matched Group Routing examples for dual EMIFs
– Power Integrity Modeling using “3D” CAD Tool (Sentinel PSI – v13.1.1) enables

• Optimized decoupling capacitor schemes per power domain
– Reducing number of capacitors & saving PCB area

• Robust Power Distribution Network 
– PCB routing examples per power domain

• Reduced decoupling capacitor trace inductance
– Minimizes impedance vs freq, thereby reducing transient/switching noise levels
– Enables low AVS voltages for OPPs thereby minimizing junction temps while 

achieving optimal processor performance
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IPC Standards for PCB Design

• IPC is “Association Connecting Electronics Industries”
– “The global trade association serving the printed board and electronics 

assembly industries, their customers and suppliers.”

• IPC-2221 “Generic Standard on Printed Board Design”
– History

• Revision B, Nov. 2012
• Revision A, May. 2003
• Amend, Jan 2000
• Original, Nov 1998

– Scope
• “Establish the generic requirements for the design of organic printed boards…” 

– Purpose
• “Establish design principles and recommendations” for producing PCB designs 

across 3 end product classifications and 3 levels of PCB producibility.
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IPC Standards for PCB Design
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– Performance Classifications 
• 3 different classifications based upon end product use
• All new definitions per updated IPC-2221, RevB

– Producibility Levels 
• 3 different levels to communicate the degree of difficulty of a feature between design 

and fabrication/assembly facilities. 
• Only Level C is new per updated IPC-2221, RevB



TI Confidential – NDA Restrictions

PCB Design Parameter Tradeoffs
• Determining a set of PCB design parameters should begin with 

understanding the End Product uses, environment & lifetime goals 
along with PCB producibility concerns

• TI recommends starting with a BGA PCB pad size equal to the 
components substrate pad size & solder ball diameter
– PCB pad = Substrate pad recommendation offers:

• Reliable solder joints over thermal cycling 
• Robustness under mechanical stresses
• Compatible with PCB fabrication vendor capabilities

• Customer must select final PCB design parameters that meet their End 
Product needs and are typically a tradeoff between:
– PCB fabrication cost
– Reliability under stress
– Ease of routing

• Layer count, Via type & size, Trace Width & Space, Total Number of Interface & 
Controlled Impedance Signals, Signal & Power Integrity
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J6 Auto PCB Design Rules for IPC Class-2; Option 1 –
1.624mm Max Thickness, 102um Conductor Clearance
Items IPC Class-2, 8-Layer Ref PCB

BGA Ball Pitch 0.800 (31.5)

BGA Ball Pad/Land Diameter (Dia) 0.400 (15.75)

BGA Ball Solder Mask to Pad Space 
(solder resist – conductor)

0.1085 to 0 (4.0 to 0)
{where 0 = solder mask defined pad}

Through-Hole (TH) Via, Drill-Hole Dia 0.203 (8.0)

Max PCB Thickness = Max Aspect Ratio * TH Via Dia
(Volume PCB production desires max Aspect Ratio = 8:1)

1.624 (64.0)

TH Via, Pad/Land Dia, min
(IPC Class 2 requires Min Via Land Dia = 10mil + Drill Dia)

0.457 (18.0)

TH Via, Annular Ring Width 0.127 (5.0)

TH Via, Hole – Hole Pitch, min 0.559 (22.0)

Etch/Line Width, min 0.102 (4.0)

Conductor to Conductor Space, min
(Conductor = any Cu surface, i.e. Etch, Pad, Via, Plane…)

0.102 (4.0)

Conductor to Drill-Hole Space, min 0.229 (9.0)

[mm] (mil = 1/1000inch)
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J6 Auto – SoC Footprint/Land Pattern Breakout
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J6 Auto – Routing & Via Placement Minimums
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J6 Auto PCB Design Rules, IPC Class-3; Option 1 –
1.624mm Max Thickness, 96um Conductor Clearance
Items IPC Class-3, Option 1

BGA Ball Pitch 0.800 (0.0315)

BGA Ball Pad/Land Diameter (Dia) 0.400 (0.01575)

BGA Ball Solder Mask to Pad Space 
(solder resist – conductor)

0.1085 to 0 (4.0 to 0)
{where 0 = solder mask defined pad}

Through-Hole (TH) Via, Drill-Hole Dia 0.203 (8.0)

Max PCB Thickness = Aspect Ratio * TH Via Drill Dia
(Volume PCB production desires an Aspect Ratio = 8:1)

1.624 (64.0)

TH Via, Pad/Land Dia
(IPC Class 3 requires min Via Ring Dia = 15mil + Drill Dia)

0.584 (23.0)
(Blue font = Class 3 changes)

TH Via, Annular Ring Width 0.1905 (7.5)

TH Via, Hole – Hole Pitch, min 0.559 (22.0)

Etch/Line Width, min 0.102 (4.0)

Conductor to Conductor Space, min
(Conductor = any Cu surface, i.e. Etch, Pad, Via, Plane…)

Desired = 0.102 (4.0)
Actual = 0.0737 (2.9)

Conductor to Drill-Hole Space, min 0.292 (11.5)

[mm] (mil = 1/1000inch)
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J6 Auto – SoC Footprint/Land Pattern Breakout
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J6 Auto – Routing & Via Placement Minimums
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J6 Auto PCB Design Rules, IPC Class-3, Option 2 –
1.067mm Max Thickness, 121um Conductor Clearance
Items IPC Class-3, Option 2

BGA Ball Pitch 0.800 (0.0315)

BGA Ball Pad/Land Diameter (Dia) 0.400 (0.01575)

BGA Ball Solder Mask to Pad Space 
(solder resist – conductor)

0.1085 to 0 (4.0 to 0)
{where 0 = solder mask defined pad}

Through-Hole (TH) Via, Drill-Hole Dia 0.152 (6.0)
(Blue font = Class 3, Opt 2 changes)

Max PCB Thickness = Aspect Ratio * TH Via Drill Dia
(Volume PCB production desires an Aspect Ratio = 8:1)

1.067 (42.0)

TH Via, Pad/Land Dia
(IPC Class 3 requires min Via Ring Dia = 15mil + Drill Dia)

0.533 (21.0)

TH Via, Annular Ring Width 0.191 (7.5)

TH Via, Hole – Hole Pitch, min 0.559 (22.0)

Etch/Line Width, min 0.102 (4.0)

Conductor to Conductor Space, min
(Conductor = any Cu surface, i.e. Etch, Pad, Via, Plane…)

Desired = 0.102 (4.0)
Actual = 0.0992 (3.91)

Conductor to Drill-Hole Space, min 0.292 (11.5)

[mm] (mil = 1/1000inch)
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J6 Auto – SoC Footprint/Land Pattern Breakout
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J6 Auto – Routing & Via Placement Minimums
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Actual J6/TDA2x Reference PCB Design

• Two different via pad & drill sizes were used based upon PCB location
– Underneath SoC BGA footprint

• Via Pad/Land diameter = 0.457mm / 18mil
• Via Drill diameter = 0.203mm / 8mil

– Outside SoC BGA footprint
• Via Pad/Land diameter = 0.508mm / 20mil
• Via Drill diameter = 0.254mm / 10mil

– Minimizes quantity of 0.203mm/8mil drill holes
• Used only where they are needed to achieve 100% breakout
• Potentially improves PCB yield loss since majority of drills will be 0.254mm / 10mil
• Potentially reducing PCB costs
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J6 Auto Ref PCB Design Rules (under SoC) = IPC Class-2; Option 1,  
1.624mm Max Thickness, 102um Conductor Clearance

Items IPC Class-2, 8-Layer Ref PCB

BGA Ball Pitch 0.800 (0.0315)

BGA Ball Pad/Land Diameter (Dia) 0.356 (0.014)

BGA Ball Solder Mask to Pad Space 
(solder resist – conductor)

0.1085 to 0 (4.0 to 0)
{where 0 = solder mask defined pad}

Through-Hole (TH) Via, Drill-Hole Dia 0.203 (8.0)

Max PCB Thickness = Aspect Ratio * TH Via Drill Dia
(Volume PCB production desires an Aspect Ratio = 8:1)

1.624 (64.0)

TH Via, Pad/Land Dia
(IPC Class 2 requires min Via Ring Dia = 10mil + Drill Dia)

0.457 (18.0)

TH Via, Annular Ring Width 0.127 (5.0)

TH Via, Hole – Hole Pitch, min 0.559 (22.0)

Etch/Line Width, min 0.102 (4.0)

Conductor to Conductor Space, min
(Conductor = any Cu surface, i.e. Etch, Pad, Via, Plane…)

0.102 (4.0)

Conductor to Drill-Hole Space, min 0.229 (9.0)

[mm] (mil = 1/1000inch)
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J6 Auto Ref – SoC Footprint/Land Pattern Breakout
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J6 Auto Ref – Routing & Via Placement Minimums
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J6 Auto Ref – Routing & Via Placement Minimums
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J6 Auto Ref – Routing & Via Placement for DDR3 Breakout

Snap-shot from J6 Ref PCB
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J6 Auto Ref - PCB Stackup
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PCB Stack-up Details
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Units in mm {inches}# Impedance
Type

Layer Line Width
[mm {mils}]

Line Pitch
[mm {mils}]

Ref
Plane

Impedance
Target+/-Tol
[ohms]

Model
[ohms]

Signal
Names

1 Single-Ended
Microstrip

L1-Top 0.10795
{0.00425}

NA L2-Gnd1 50 +/- 5 49.55 DDR3, QSPI

2 Diff-Paired
Microstrip

L1-Top 0.10668
{0.0042}

0.2794
{0.011}

L2-Gnd1 90 +/- 9 89.44 USB3 (preferred , top layer 
routing & connector)

3 Diff-Paired
Microstrip

L1-Top 0.1016
{0.004}

0.3556
{0.014}

L2-Gnd1 96 +/- 9.6 95.7 HDMI, SATA, PCIe 
(preferred , top layer routing & 
connector)

4 Single-Ended
Stripline

L3-Sig1 0.1143
{0.0045}

NA L2-Gnd1
L4-Pwr1

50 +/- 5 49.54 DDR3, QSPI

5 Diff-Paired
Stripline

L3-Sig1 0.12192
{0.0048}

0.2794
{0.011}

L2-Gnd1
L4-Pwr1

90 +/- 9 89.1

6 Diff-Paired
Stripline

L3-Sig1 0.10668
{0.0042}

0.3556
{0.014}

L2-Gnd1
L4-Pwr1

100 +/- 10 99.61 PCIe, SATA

Controlled Impedance Details for PCB Stackup PN: 106407-01, Rev E
J6 Auto Ref - PCB Controlled Impedance Plan
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Units in mm {inches}# Impedance Type Layer Line Width
[mm {mils}]

Line Pitch
[mm {mils}]

Ref
Plane

Impedance
Target+/-Tol
[ohms]

Model
[ohms]

Signal
Names

7 Single-Ended
Stripline

L6-Sig2 0.1143
{0.0045}

NA L5-Pwr2
L7-Gnd2

50 +/- 5 49.75 DDR3, QSPI

8 Diff-Paired
Stripline

L6-Sig2 0.12192
{0.0048}

0.2794
{0.011}

L5-Pwr2
L7-Gnd2

90 +/- 9 89.36

9 Diff-Paired
Stripline

L6-Sig2 0.10668
{0.0042}

0.3556
{0.014}

L5-Pwr2
L7-Gnd2

100 +/- 10 99.94 PCIe, SATA

10 Single-Ended
Microstrip

L8-
Bottom

0.10795
{0.00425}

NA L7-Gnd2 50 +/- 5 49.55 DDR3, QSPI

11 Diff-Paired
Microstrip

L8-
Bottom

0.10668
{0.0042}

0.2794
{0.011}

L7-Gnd2 90 +/- 9 89.44 USB3 (alternate layer, for 
bottom-side connector)

12 Diff-Paired
Microstrip

L8-
Bottom

0.1016
{0.004}

0.3556
{0.014}

L7-Gnd2 96 +/- 9.6 95.71 HDMI (alternate layer, for 
bottom-side connector)

Controlled Impedance Details - continued
J6 Auto Ref - PCB Controlled Impedance Plan
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Units in mm {inches}

Link to IPC-2221A Generic Standard on PCB
http://sisko.colorado.edu/CRIA/FILES/REFS/Electronics/IPC_2221A.pdf

Link to IPC-2222 Sectional Design Standard for Rigid Organic Printed Boards
http://222.184.16.210/smt/tzxt/bz/IPC-2222.pdf

Link to “Design Rules & DFM for High-Speed Design” article from June 2012 issue
of The PCB Magazine.
http://www.pcbdesign007.com/pages/columns.cgi?clmid=65&artid=85453&_pf_=1

Link below explains IPC Class differences in PCB 
http://www.circuitnet.com/experts/86649.shtml

CDDS Link to J6/Vayu/TDA2 Reference PCB Design Source & Support Files
https://cdds.ext.ti.com/ematrix/common/emxNavigator.jsp?objectId=28670.42872.33317.4164

References:
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J6 23x23, 760-Ball Plastic BGA (ABC package)
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“Min Via Land Size” Derivation

• Class3 type PCBs require a min Annular Ring (AR) for all Plated Through-
Holes (PTHs) per section 9.1.2 & Figs 9-1 & 9-2, shown below:

• IPC defines the min Land size equation to be: 
– Min Land Size = Drill Size + 2 * Min Annular Ring + Fab Allowance

• Add 1.968mils [50 um] of margin for each 1oz/sq ft of Cu weight (Table 9-1, Note 1)
• Add 1.968mils [50 um] of margin for PCB’s exceeding 8-layers (Table 9-1, Note 2)

– For Class3 PCBs with a Drill Size = 8mils, External Land (Table 9-2) & 
“Standard” (Level B) Manufacturing (Table 9-1)

• Min Land Size = 8 + 2*1.968mils + 9.84 = 21.776mils [0.5785mm]
• Min Land Size for PCBs over 8-layers or Cu weight > 1.0 oz = 23.744mils [0.6031mm]
• Hence “Industry Rule of Thumb” for Class3 PCBs (All Cu < 1 oz/sqft & Layers <= 8):

– Min Land Size = Drill Size + 15mils [0.381mm] (some PCBs request “+ 14mils”)
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“Min Via Land Size” Derivation

• Class1 and 2 type PCBs are allowed to have a “partial hole breakouts” per 
section 9.1.2 & Appendix B, Fig B.10-1 (“Tangent Breakout”) shown below:
– Essentially, “no min Annular Ring” is acceptable for Class 1 & 2 products

• IPC defines the min Land size equation to be: 
– Min Land Size = Drill Size + 2 * Min Annular Ring + Fab Allowance

• Add 1.968mils [50 um] of margin for each 1oz/sq ft of Cu weight (Table 9-1, Note 1)
• Add 1.968mils [50 um] of margin for PCB’s exceeding 8-layers (Table 9-1, Note 2)

– For Class3 PCBs with a Drill Size = 8mils, External Land (Table 9-2) & 
“Standard” (Level B) Manufacturing (Table 9-1)

• Min Land Size with “No AR” = 8 + 2*0mils + 9.84 = 17.84mils [0.4531mm]
• Hence “Industry Rule of Thumb” for Class2 PCBs (All Cu < 1 oz/sqft & Layers <= 8):

– Min Land Size = Drill Size + 10mils [0.381mm]
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“Min Via Land Size” Derivation
• IPC 2221 spec, sections 9.1.1 & 9.1.2 as shown below:
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“Min Via Land Size” Derivation
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“Min Via Land Size” Derivation
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“Min Via Land Size” Derivation
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“Min Via Land Size” Derivation (cont’d)

• IPC2221 spec, Appendix 
B, Registration Coupons
– Purpose: Layer-to-Layer 

registration and annular 
ring evaluation without 
micro-section (e.g. x-Ray)
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