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1 Motivation through real SNL examples

Brent Meyer, 2622

844-1880

btmeyer@sandia.gov

About myself

First PWA design circa 1983
o Light table, two mylar sheets, red and blue tape

Hired into SNL 1985
o PWA designs for flight computers

o Electrical design usually solid, physical design about 50/50

Moved to the MDL in 1990
O ASIC designs for a broad range of products

Back to PWA design in 2007
O Brought rigorous design approach from 17 years in the MDL
o Took this same class the first few months

O Began engineering the entire product
. Physical design as well as electrical design

o Delivered perhaps 60 PWAs over the years

O Electrical design usually solid, physical design almost 100%
. Physical implementation still provides opportunities for humility



1
Signal Integrity
Examples

2.5 MHz, 1.8 V, transmit data clock

• Top picture was implemented without paying
attention to length or terminations

• Bottom picture was with a source termination

• Both interfaces worked during initial
functional evaluation

• But the top design was headed for trouble at
some point

• Had to go looking with a scope to find the
design oversight!!!

500mV

Value Mean Min Max std Dev
a Rise Time 643.2ps 676.3p 622.9p 709.4p 18.47p
ID Fall Time 608.7ps 617.4p 569.3p 656.3p 16.32p
a Frequenc 2.500MHz 2.500M 2.499M 2.5131M 211.4

U45-24

500mV Sz

10Ons
0-00.000000 s

5.00GS/s
10k oints

Value Mean Min Max Std Dev
111) Frequency 2.500MHz 79.03M 2.499M 1.667G 253.0M

10Ons
04v0.000000 s

1. 2.04 V

5.00GS/s
10k oints

41) I 900mV

15 Jun 2017
06:10:01
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Signal Integrity
Examples
DDR3L Chip Select signal

• Both designs were engineered with a 40 ohm
source termination on a 40 ohm trace

• The top design was constrained with a 50
ohm trace contrary to specification

• The bottom design was with a 40 ohm trace
as specified

• Both interfaces worked during initial
functional evaluation

• The top design was headed for trouble...

• Had to go looking with a scope to find the
constraint error!!!

SOOmV Q

Value Mean Min Max std DeV
[ID Frequency ---- Hz A Clipping positive

(.41) SOOmV 

2.00ns
0.,0.000000 s

El —1.000ns Q 2.510 V
Q 720.0ps 0 —1.190 V

.6.1.720ns 6.3.700 V
dV/dt —2.151GV/s

5.00G5/s
10k points

13) 840mV

VO e2 8110e4an, OM9763M Max Std Dev
la Frequency 384.6M 37.19M 

19 Feb 2016
23:10:07

O —6.520ns Q 1.460 V

O —1.480ns Q —100.0mV
.6.5.040ns .6.1.560 V

dV/dt —309.5MV/s

680mV
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Signal Integrity
Examples

A quick point about doing signal integrity
verification with an o-scope

• Both traces are the same 32 MHz, 1.8 V clock
signal

• The top trace is with a 1 GHz passive probe

• The bottom trace is with a 2.5 GHz active
probe

• Make sure you are using the correct
equipment — signal integrity is about the edge
rates and you must see the edges!
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Signal Integrity
Design Tools
Can just use Excel (or even paper & pencil)

• Define basic parameters and guidelines for the
product

• Determine edge rates for the various electrical
groups

• Calculate the trace lengths at which networks
need SI Engineering

• Using these guidelines, create schematic or
routing requirements

• Design terminations for nets that are known
to be "long"

• Define max routing length for unterminated
nets

5
6-

10

11

13

15

18 la
99

II

26

31 

ea

36

Le
38

FR40811R Material
191/ (Ed at 10Fiz

C5nlrol

‘611 1inlnsl• Chot18,1
Relative gelookylonillessl 9 Vp1C 9 Vs:MIDI.

Fundamental Calculations
Fastesoneasured edger., 01P3Ins1 s

Conmon simulated edge sato MOTT (ns19
Transition Eleenical Length On( s Vp • min edge rele •
Transition Electrical Leng1kIn/ nin ollgo1419.

Max length el untepOnated route lin( M. TEL s
Max length of unterMnated routs VC TEL

Source Termination Parameters
Max length of source ler...dm...9509 114. Tperiosi

12 MHz 8158 Clock(
251931zIENET Clock)
32 MFIcIPS Clock)

62 19Hs (e1919C1
108 MHz (G19P11
169 MHEILIVII

400 MHODOR1

Load Termination Pararneters
Max length of load lemOnated muslin). 112' TpeCod

Would Mosso:Ion hi-direct s4onals

Cross Talk Parameters
Capacitively coupled (layer to layer)

Incismisely coupled (side-by-siclel
Mall length paralel ron1531 1/2 • TEL

violate maw parallel mouse spaokig to mensos
Height above plane < 9rnil in our stack

3.69 From the isda data sheet
1180 Speed ol light in a saccurn

6.1999 Velocity ol propagation in the material
a 5206 Used by TOR (Time Domain Relleotometed to gerC, material construction
081376 1,1- Soil is pompon relesence length, so the electrical length is useful to keep in mind

848 From the DORS clock
875 From 1-kperlynx simulations of the MOTT denon
2.95 Ideally, calculate this lo each signal by meassaing the edge tate. RastimIkquat use one mlue local interlaces unless judgement diFects othessise. So calculate the electrical length 40180 ps louse when sant extra matOn.
9.61 Icleall,calculate this For each signal by measuring the edge rate. Practicallyjust use one value la all interlaces unless judgement directs otherwise. Socalculatetheelectricallengthol-50pslamostuses.
0.49 114.116 of the TEL ...rule ol thurnb to manage osershoot - can be violated usIng judgement 8 simulation - this Is extra margin value
1.15 89 to116 of the TEL is a nOs of thumb to manage osershoot -can be violated using ludgement &simulation - this is romalms0lin salus

Longer than board size

4800 75 545'547'n5TP7sd
2, M this PCB

19 22
9 31
3 89

For Ms design, no load terminations were used.

No oserlapping routes -al layer pairs routed orthogonally
Can be Wolated using pdgement & nmdaton

2.30 Rule of thumb to manage aosstalk - can be violated using psdgerton111 simulation

5 rril space WA cospling Use the ndse margins of the ilo standard as sell asjudgernent nrnulation.
7mi space '3.93: owning
10 rsil space -1.1331ocsollng
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Signal Integrity
Design Tools

Hyperlynx SI from MGC is available through the
ECAD group

• Pre-layout exploration

• Model drivers, loads, termination options

• Develop model based requirements

Number of layers: 13
Total thickness . 37.28 mils

A

BK3 EA

vx/, /r/ //////,,

EK1'. Eatrfl
37.28 mils 1

E2 ED

Earl ED

Layer Stackup. Design: Untitled.ffs, Designer: Meyer, Brent T.

1-lyperLynx - LineSirn v9.1 - [Lin eSirnSchernatic_SideBySid effs x Users btmeyer \ Desktop \ x - Free-Form So

NN Layer Name Type Usage Thickness
mila, oz

Technology Er Metal

Dielectric Solder Mask 0.5 3.3

2 T P Metal Signal 0.5 <Auto> Copper

3 Dielectric Substrate 10 Prepreg 3.61

4 VCC Metal Plane <Auto> Copper

Dielectric Substrate 3.69 Prepreg 3.61

6 InnerSignall Metal Signal 0 . 5 <Auto> Copper

7 Dielectric Substrate 3.5 Core 3.77

5 InnerSignal2 Metal Signal 0 . 5 <Auto> copper
9 Dielectric Substrate 3.69 Prepreg 3.61

10 GlID Metal Plane 1 <Auto> copper
11 Dielectric Substrate 10 Prepreg 3.61

12 BOTTOM Metal Signal 0 . 5 <Auto> Copper
13 Dielectric Solder Mask 0.5 3.3

= file ietup Edrt Mew Models Mmulate 51 SimulateH Dann Minders help

1141 8 E) BS 8, 0 4) e e, 4 [fs

t>meo****-)iatti),:,Ban,r

IC Digital Oscilloscope

Comment llcs Clipboard and piiter)

sieesy-setic.pitio

3000.0

51.1 111 TL1 112.4
2500.0

2000.050.0ohms 417 ohms

5874INC1,15_0•00
1.297 ns
8.0q0 in 5 74, 111,5

A
Net003 ta7 Netern

15 0 0 . 0

113.3 TL2 U4.4

m

1000.0

07-1
19,7 ohrro
1 297 ns
8.000 inSN79.LV21110_13C10 58791V21,15_190. V soo o

A
Not002

Shad,'
Net002 Net002

Edit Transmisdon Line

Tranimistron-Line Type Edit COU17900 R00008 Feld Solver Moveto Caging linitiln

Carping regions Coupling region

Name:a SdeElysideCouplingRegion

TOP S gm& Layer

VCC Elena

E lnnerSignall Signal Layer

TL2

lnnerSignal2 Sig I Layer

GND Plane

1SideDySideCouplingRegion

1 EH Stackuir...

Transmission Ire

X positionr 0.001 mila

Layer

Trace-tatrace separation

8 00 n71, Reit

Length

Trace mak

I 8.0001
1_ 4.501 mils

13. Signal lnnerSignell

mmiels

Tracetaplare separation

• 4 00 ink F14,1 4.1)±11 7.11:

Impedance (see nekl Solver tab, View button)

Transmission Line

TL1

TL2

0041mentiell

impedance Noter 
2 Auto oak

49.7 ohnu
49.7 ohms Mew
9E7 ohms best

. 5 49.7

7 50.5

20 51.3

Reference wracks

. 0-1.

-500.0

-1000.0

Vertical: 500 mV!div offs :t: O.OmV

Horlzondal 1 mildly delay: 0.000nsec

-1500.0  

0.00

Cursors

Measurements

0 Entire ORegbn

ti

2 00 0 4 000 6 000
Time ns

I Track Wavelone I

Waveform Latest: V [04.4 (at pinll

Peak-to-Peak Vollaga 25 29 mV Max peak. 1E62 mV
Min peak -8E7 mV

- ID X

Operation

0 Standard OEyeDugram I Start Simulation

Simulator

I
Simulate Nolares

Time Resclutico

Edge 0 Rising edge QO Auto() 'V] ps

[spa option, 

FaseStrag

Stimulus

® Global

O Fer-Net/Pin

lAuto

O Doc:Valor O Falitig edge

IC modeling

0 6/ovtiWeak 0 Typical

Shore

0 Overview pane
2 Readout Mod

❑ Loaded results
O Fiestious rauls
2 Latest results

VisiMlily

*Voltage
O Current
Zoom

Threshdds

AUL Pins

Vertical
Position

• =
40)-

1 0.01
Scale

SOp owdo

Prob.:

Located

liklusao at the pin

Fre
- O Latest Wayefor...

- U1

VEJ 3 (at... ■
- U2

-1112/ 4(at... •

U3

PT RIME
U4

42 4 (at ... 01,

l) R1

- 0 Previous Wave..

-0 01

H21 310t... II

- U2

42 4 (at ES.

-IF
Horizontal

Delay

=insI MI

Scale

Perktiv

1 Save/Load... 1

1 Copy toCi o I

1 Erase

I NO- 1

clo. 1

I HeP



1
Signal Integrity
Design Tools

Hyperlynx SI Post-layout Verification

• Export actual layout data from MGC
Expedition or other tools

• Import into Hyperlynx

• Setup / verify stack-up information

• Select nets for analysis

• Select conditions for analysis

• Run simulation

3000.

2500.

2000.

1500.

1000.

500.

D. D

500.

-1000.

15006.00 

300 .

250 .0 

2 0 .  

15001 

! 1000.  

500.

0.
500.

5.000 10.000 15.000 20.00D 25.0(00
ns) 

30.000 35.000

Date 7thawclay May 11, 2017 Terse 14 36 25
Net name SD_0_CMD

Show Latest Waveform - YES, Show Prewous 0/avert:cm = YES

40.000 45.000

V RI6.85 fat put)
o V (1/6.85 (at Pin)

/
O 
00
) 

12.000 14.000 16.000 10.000
s 

ay 15, 2017 Time 851 46
CISPLOCSN

ES, Show Previous Waveform • YES

V [.130.1 (et pin)]
v (at 0.1111
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Signal Integrity
Implementation
Checks

Impedance test traces allow verification prior to
committing expensive BOM to assembly

• On-board traces designed into open routing
area on product

• Six routing layers with 50 ohm and 40 ohm
traces on each

• Use a TDR to check the impedance

0010   0014 41 up

100 ow.a sale, 4005 -914 044

r3 0 433 113.3 V: DS 33/433
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Signal Integrity
Implementation
Checks
• Vendor designed coupons used to

report/certify trace impedance is correct

• TDR report from vendor looks fine

• SNL designed coupons added to the panel
just to be sure...

• TDR report from SNL coupon looks bad

• Notice their coupon is rigid only whereas the
SNL coupon is rigid flex...

• The vendor compensated the entire product
based on their rigid data

Layer

2 L4 50
e L5 50
2 L4 FLEX 50
2 L5 FLEX 50
2 L4 50
2 L5 50

50
e L5 FLEX 50
e L4 50
e L5 50
e L4 FLEX 50
2 L5 FLEX 50

Job Number

1212517 1.00
1212517 1.00
1212517 1.00
1212517 1.00
12125

2517 1.00
1212517 1.00
1212517 1.00
1212517 1.00
1212517 1.00
1212517 1.00
1212517 1.00

Serial

03
03
03

01
01
01
01
04
04
04
04

ge Min Z Max Z Result Op..

53.26 51.23 54.16 Pass FO
51.92 49.89 53.16 Pass FO
53.96 51.64 54.86 Pass FO
52.49 50.17 53.94 Pass FO
51.37 49.39 52.31 Pass FO
53.30 50.70 54.64 Pass FO
51.51 49.47 52.40 Pass FO
51.34 45.04 53.33 Pass FO
51.83 49.80 53.29 Pass FO
51.47 50.09 52.74 Pass FO
49.33 47.36 50.94 Pass FO
46.11 43.02 48.00 Pass FO
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Power Integrity
Examples

Original 10 layer design

• Used plane pairs for both supplies

• But very small board (-2" x 4")

• High current drivers placed 'far' from
regulators

Design would upset the FPGA

Layer Steck up Supplier

4

6

7

9

10

• Current probe showed where the high current
events occurred

• This was able to be correlated with the upsets

Added additional plane pairs for both supplies

• Now 14 layers

• Also relocated the high current drivers and
increased the decoupling

• New design never failed again

Layer

2

3

5

6

7

8

9

10

11

12

13

14

1E1
FABRICATOR

/-1., ISOLA

  ISOLA

 l ISOLA

  ISOLA

1 ISOLA

j ISOLA

j ISOLA

 l ISOLA

Suppler
Description Type Description

Base
Thickness

Finish
Thickness Er impedance ID

SOLDER MASK SODERMASK SOLDER MASK 4.00

FOIL FOIL FOIL 0.60 1.30

FR408HR PREPREG 2116 530 5.20 3.66

FR408HR PREPREG 3313 4.08 4.00 3.61

0.60 0.60
FR4081-IR CORE 3313 3.50 3.50 3.77

0.60 0.60

FR408HR PREPREG 1086 3.57 3.50 3.50

0.60 0.60
FR4081-IR CORE 3313 3.50 3.50 3.77

0.60 0.60 2

FR4081-IR PREPREG 2116 5.30 5.20 3.66

FR4081-IR PREPREG 2116 5.30 5.20 3.66

ISOLA FR408HR CORE 3313
0.60
150
0.60

aso
3 50
0.60

3.77

ISOLA FR408HR PREPREG 1086 157 144 3.50

0.60 0.60
ISOLA FR408FIR CORE 3313 150 3 50 3.77

0.60 aso 3

ISOLA FR408HR PREPREG 2116 5.30 475 3.66

ISOLA FR408HR PREPREG 2116 5.30 4.75 3.66

0.60 0.60 4
ISOLA FR408HR CORE 3313 150 150 3.77

0.60 0.60

ISOLA FR408HR PREPREG 1086 157 144 3.50

0.60 aso
ISOLA FR408HR CORE 3313 150 150 3.77

0.60 0.60

ISOLA FR408HR PREPREG 1086 157 344 3.50

0.60 aso
ISOLA FR408HR CORE 3313 3.50 150 3.77

0.60 0.60

ISOLA FR408HR PREPREG 2116 530 475 3.66

ISOLA FOIL FOIL FOL ass 0.60
FABRICATOR SOLDER MASK SODERMASK SOLDER MASK 400

Copper Thianess = B.400 l Dielectric Thickness =53.760 l Solder Mask Thickness = 1.400 l Stack Up Thickness = 62.160 l



1
Power Integrity
Examples

1.8V supply implemented with engineered
integrity

• Switching on a 1 Amp load.

• Only 10mV on the 1.8V plane

• Switching off a 1 Amp load.

• Only 10mV on the 1.8V plane

• Zooming in to see the spike:

• Looks to be —40mV

• Could perhaps add some decoupling with
response in the 100 — 500 ns range...

er

ekstop

10.0mV,o

200ms

Te, sto

1 OV_SW

111

X 20.0mV

200ms
61- 0.000000 s

X 25.0mV



1
Bill of Ililaterials

a-

100

Date: 2/2/2017 Nom 8:32:47 AM Expect

-0

3
a 1

PDNtool
E 0.01

awl

Power Integrity
Design Tools

Free Excel tool from Altera (now Intel) called

• Pre-layout design tool

• Define the stack-up

• Define the capacitor mounting dimensions

• Define the capacitor parasitic values

• Define the supply characteristics desired

• Select the decoupling capacitor networks
required to meet the impedance target

0.0001

1 E+3

• • I • • • • • • • •

Flanget

1E+4 1E+5 1E+6 1E+7

Fnecpueney 41-1z)

Report Surnmane 

Supply-. 1 Volts
1_5 Amps

I trartsienz 30 %
V ripple: 3 %
F target: 150 Ml-LE
Z target: 0_01E07 Q

R Ira) L {n1-4 C iluF)

VRM Type : 0.0010 10.1:000
SpreadinEr 011005 0.01..50
BGA Via: 0.1:031:1 0.004Å

Plane Cap: 0.0028 0_o2a7

1E+8

Print

1E+9

Mrs- vague ual-p
IIMIMILV61,

til I T 1-4:matpunt

V=,:l

.I 0.0022

0.0047

L I0
0_022

;ZE50ME=

0
0

MEMMULEIM

0402
MZ21.

0402

3--
4

.111h.

00402
0.22 00603

-rs, -gm

1° IUMMI 0603

11

12
13 m
14 II
15 II
16 II
17 II 10 IMME===
18 II
19

20 InME11::::1MMM=MO=
21
22
23
24
25

TcAa4 Capacillar Cant
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Power Integrity
Design Tools rt4..e.rx Teuclute.e. rewd-P.e. E. Pklia

.t 

'Mr 

 a
re. 11.0

Hyperlynx PI from MGC is available through the
ECAD group

• Post-layout design tool

• Model the supply sources

• Model the capacitor parasitic values

• Import the physical design

• Stack-up

• Capacitor mounting

• Verify supply impedance

MM.



Power Integrity
Design Tools

Hyperlynx PI can perform many other post-
layout design checks

• Capacitor mounting errors

• C64 was on the wrong side of the board

• should have been placed with C74

• several capacitors shared vias

Capacitor Model Value, uF Mounting Quality Total Mounting

Inductance, nH

C64

C75

C9 I

Capacitor Model Value, uF MOU nting Quality Total Mounting Eatimated ESL, nH Actual Resonance Resonant Co

inductance, nH Frequency, MHz Frequency for liner.

Specified ESL (wlo

Mounting), MHz

C3

C45

C=0.0022uF,

a:0.0022uF,

a:0.001uF,
. .

0.0022 good 0.55 0.16

0.0022 good 0.42 0.16

0.001 good 0.34 0.16

144.75

165.44

271.01

N/A

N/A

N/A

C= I OuF, ESL=Auto, 10

ESR=25mOhms

C= I OuF, ESL=Auto, 10

ESR=25mOhms

C= I OuF, -Auto, l 0

ES mOhms

C= I OuF, ESL=Auto, 10

ESR=25mOhms

C= I OuF, ESL=Auto, 10

ESR=25mOhms

L C 6 4

Mounting shared with other capacitors

Mounting shared with other capactors

Mounting shared with other capactors

marginal

marginal

marginal

marginal

good

2.65

2.29

2. I 2

2.06

1.71

o

1



1
A few notes about
capacitors
Understand the effect of different dielectric
materials

• Using X7R — standard decoupling design

• Significant supply chain issues

• Tried using COG

• No supply chain issues

• But sharp response required 3x the number
of caps

• It worked well in reality — and procurement
was a breeze - but the cost was very high

Bill of PlateriaIs

100

10

a

0 1

0.01

0.001

0.0301

Date: 5/912019 UM: 5:52:06 AM Export Data Print BOM

I

Ir-
I

I

.41arget

4

&Fee
I

t. tt t t tu tt t t tt tte. . t . tt.,
=target
. . , tte

I
I
I t . .....

1E+3 1E44

190port Sunlman,

I Supply 1 VOW
Mau 1.5 Amps

I transient 30 %
V npple 3 %

F target 150 MHz

Z target: 0.05157

VRM Type:

Spreading:
1304

Plane Cap:

R (Of L (n11) C (uFl

000',

0 00:: 6 06 -

0.0013 5253

1E+5 1E+6 1E+7

Frequenew 014

1E+8 1E+9

0.001

0.0022

0.0047

0.01
4
4

0.022

0.047
9.1

022
0.47

04912

0402

0402
0402

0402

0402
0402

0903
ORM

10 Bulk

470 Bulk

EarEmm Date: 1/3/2018 Time: 10:53:28 AM I Export Data Print BOM

a
0

s.g O.

0.

0.0

0 I

li

I

1
I

target
11

off,

11

Fta rg et

1E+3 1E+4 1E+5 1E+6 1E+7

Frequency (112)

Report Summary

Supply: 1 Volts

!max: 1 5 Amps

I transient: 30 %

V ripple: 3 %

F target: 150 MHz

2 target: 0 0667 CI

R(0) L (nH) C

VRM Type: 0 0010 10 0000

Spreading: 0 0000 0 0000

BGA 0 0000 0 0000

Plene Cap: 00026

1E+8 1E+9

0.001

0.0022

0.0047

OD1

0.022

0.007

0.1

022

0A7

1

2.2

0.7

32

16

8

4

4

2

0402

0402

0603

0603

0805

1206

1206

1206

0603

0603

0805

mop

Bulk

100 Bulk
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A few notes about
capacitors
Understand the effect of Vbias derating for all
Class II MLCC

• The top capacitor is on the BOM, but is not
available

• The bottom capacitor is in stock at the
distributor

• Can we make this substitution?

CO603C1 05K4RACTU
(C 0603C105K4RAC7867)
Request Sa m ples for th is part

Specsheet S M D Comm 7C7R Datasheet le STEP ICA KSIM AORol-IS

13M+ Total Iriventory Available

Capacitance

1 uF

Temperature Coefficient

X7R

Capacitance Tolerance

10%

Vehage DC

16 VDC

VIEW ALT

+ ADD SE

+ ADD P

Temperature Range

-551,1250

RoHS Terminatien Chip Size

Yes Tin 5603

CO603C1 1:1510RACTU
(C 0603C105K3 RAC7867)
Request Samples for this part

Specsheet SMD Cornm X7R Dalasheet lie STEP &I. KSIM hirRoHS

946 Total inventory Available
VIEW ALT:

+ ADD SEA

+ ADD PA

Capacitance Capacitance Tolerance Vohage DC Temperature Range

1 uF 111% 25 VDC -5501250

Temperature Coefficient RoHS Termination Chip Size

X7R Yes Tin 5603
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A few notes about
capacitors
Vbias derating is not included in the part
definition

• Only available from the vendor data sheets or
web-tools

• Top (red) trace is the 16 V part

• Bottom (grey) trace is the 25 V part

• At 5 V, the capacitance is -36%!

• Clearly not a good substitute

-10

-20

-30

-40

-70

-80

-100

• linItegn = 150.00 rnVDC

C0803C105K3RA.C.{cap C.11E}=-70.13 rn%.

• c01303C105K4RAC(Cap Delta; = -$.32 rn%

0 0 2.5 5.0 7.5 13.3 1Z.E

Voltage (VDC)

15.0 17.5
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Power Integrity
Implementation
Checks
Use a Spectrum Analyzer to verify the supply
impedance after fabrication and assembly

• Can find gross implementation errors
(incorrect caps) before you spend days
debugging a flakey board

toy SIN

 IMP 4P 1

[yertical e Axis Mincr GridlinE

C.010

C.CC1
• .ni-DE.

•
■

MN
=MN 11

  MEN 11
NM 111

11

1.013E+07 1.99E+08

Frequency
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Power Integrity
Implementation
Checl<s

Include stacking stripes

• On product itself

• On SNL designed coupon

• Verifies panels are in the correct order

• Gives qualitative verification of copper weight

• Could even be measured if necessary



1
Power Integrity
Implementation
Checks

Actual manufacturing errors have been found

• IPC analysis report confirmed correct
construction

• But stacking stripes uncovered an error!

• One of the cores used by a power plane pair
was 1/2 oz instead of 1 oz

• Of the PWBs delivered, some were incorrect,
some were correct

• The construction analysis was performed on a
good panel...

• Root cause analysis was that an off shift
operator was filling in for the kitting operator
who was out sick

IPC 6012 Report

ted
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I Do this!
The engineering rigor Mr. Ritchey is teaching really does matter

SNL has what you need to implement this rigor on every product

Engineer your product, then produce the product you engineered!


