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ODbjective

The objective of this presentation Is to
provide information to assist OEMs and PCB
vendors to desi gn and test motherboards

which will meet a 28 Q (+/- 10%) impedance
specification
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Back ground

e Existin g motherboards are desi gned
around 65 Q +/-15%

e The new 28 Q +/-10% specification is
required b y the memor y channel

e Exceedin g the s pecification results In
additional channel timin g error and
reduced si gnal mar gin

e Both effects ma y cause failures on

the memor y channel
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Signal Qualit y and Timin g
RDRAM Channel is desi gned for 28 Q
Impedance mismatch causes si gnal reflections

Reflections reduce volta ge and timin g margins

AC Timin gs are ti ght!
¢ 2X clock @ 400MHz Operation = 1.25ns window
¢ Only 100 - 150 ps allowed for total channel timing error
¢ PCB impedance is only one factor

e PCB process variation -> Z0 variation -> Channel error

THIS IS WHY HITTING 28 Q IS CRITICAL
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RDRAM Signal Routin g
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Data Signhal and Sam pling

e Data is sam pled on both ed ges of the clock
¢ 625ps data window

e 0.8V low si gnal swin g between lo gic 0 and 1, si gnal
swin g reference at 1.4V

Differential Vo \
clock IR S— _

16 bitdata OOOU:Q,'OOOOOM iy

I Vol = 1.0V
L " ~~<_
~ -~

_ Differential clock
Valid Data

Samplin g
Window

625ps
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Impedance Fundamentals

e Microstri p vs Stri pline

e PCB Parameters and Relationshi p to
Impedance

e Simulation Tools (Field Solvers ) and
Impedance Calculators

e PCB Materials
e Chipset Exam ple
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Microstrip X-Section

Z0 = F(W,H,T,g)

EQUATIONS FOR Z0 USED IN ZCAL PROGRAM
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Stripline X-Section

>

H1 W
IS ¢ T B

[

Z0 = F(W,H1,H2,T,¢)

EQUATIONS FOR Z0 USED IN ZCAL PROGRAM
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PCB Parameters

e H tolerance is hardest to control
e W & T has less im pact due to wider trace

e Z0 can be calculated from geometries
¢Equations (like zcalc ) are approximate

¢ 3D Field Solvers also used to calculate
Impedance

e Plot of Z0 variation with various
parameters (W, H, €, T) shows im pact

¢ Also show what tolerances we need to hit for
the various geometries
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Z0 vs H (w=18mils, T=1.4mils, £=4.5)




Z0 vs W (H=4.5mils, T=1.4mils,




Z0 vs €, (H=4.5mils, W=18mils,

A




Z0 vs T (H=4.5mils, W=18mils,
=4.5)




e 3D Fleld Solvers are most accurate
¢ HP, Ansoft, Sonnet, Polar etc

Impedance Calculation

e / calculators based on e quations are also pretty

accurate
3D Field Solver vs ZCAIL C

#1 #2 #3 #4 #5 #6
H 45 45 4.2 4.8 45 45
w 18 18 18 18 17 19
wi 18.1 18.1 18.1 18.1 17.1 19.1
T 1.4 2.8 1.4 1.4 1.4 1.4
er 45 4.5 4.5 45 45 4.5
Z0 (3D) 29.0 28.4 27.6 304 30.2 27.9
Z0 (zcalc) 29.1 28.7 27.7 30.4 3.02 28.0
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PCB Materials

e PCB tolerances determine Z0 variation

¢ Dielectric thickness, trace width,  platin g thickness,
dielectric constant and solder mask thickness

e Pre-preg style type and characteristics determine
H variation W

¢ single ply vs. 2-ply i
¢ resin content and tolerance ‘“
¢ flow tolerance
e Recommended material tolerances:
¢ Dielectric hei ght tolerance +/- 10% (~ 0.4mil)
¢ Trace width tolerance +/- 3% (~ 0.5mil)
¢ Pre-preg resin content tolerance +/- 3%

& Pre-preg resin flow tolerance +/- 3% Intel
intel. ¢ e, tolerance +/- 5% (~0.2) @ 1GHz %



Design Process

e Specify material to be used

e Calculate board geometries for desired
Impedance - or use exam ple stacku p

e Build test boards and cou pons

e Measure board im pedance usin g TDR
¢ Need accurate data - follow TDR methodolo gy

e Measure geometries with x-section

e Adjust desi gn parameters and/or material as
required

e Build new board and re-measure
¢ May require one or two iterations
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Design Guidelines

e Several reference stacku ps provided

e Test cou pon should be included on panel

¢|f possible, inte grate test cou pon pattern into
board

¢Makes lot sam pling easier, more accurate

¢ Test cou pon probe pattern
— Must match probetype

& Gerber file Is available

e Don’t for get about other traces on PCB!

¢Need to ad just other trace widths to meet
Impedance re quirements for different busses
inte|® Intel’s
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Recommended Stacku p

e Numerous variations are possible

e \\e used the followin g as a startin g
point:
eW=18mil, H=4.5mil, T=2.0, 1 ply 2116 pre-
preg

<4+—» 6 nils ¢&—>

g
“
™
v

Don'’t for get ground floods and stitchin g
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Inner La yer Routin g

e Also numerous possible stacku ps

e \\e used the followin g as a startin g
point:
&W=13.5mil, H1=7mil, H2=5, T=1.2

RIMM 2&(UNLOADED)

4 1.2 mils
6 mils 13.5 mils
> 5 mils ¥ —___—*>
1.2 mils¢
5 mils
4 1.2 mils
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Testin g Board Im pedance

TDR Basics
Test Equipment
Test Cou pon

e Test Procedure
e HVM Testing

e Reference Collateral
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TDR Basics

Hig
DUT

n-edge rate pulse transmitted to DUT
reflects wave

Ref
mp

ected wave measured b y scope
edance of DUT determines reflected

volta ge amplitude

e SCO
imp

pe and/or software calculates
edance based on reflected wave

amplitude
¢PLOT OF TDR OF SHORT/OPEN/50 OHM

e Propagation dela y can also be measured

intgl.
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TDR of 50 Ohm Load
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TDR Test Equipment

e Tektronix 11801C
eusin g SD24 TDR test head

e HP54/750A
&HP54753A Single Ended TDR
& HP54754A Differential TDR

e Polar CITS500S
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Test Cou pon

e Use test cou pon for ease of testin ¢
¢ Gerbers for an exam ple cou pon are available

e Test cou pon placement
¢ Coupon can be desi gned as part of motherboard
¢ ldeally located in memor y section of board
¢ Or have se parate cou pon somewhere on panel

e Test cou pon probe pattern
¢ Pattern de pends on test e quipment and probes
¢ Land pattern must match test probe used

GND

intgl.
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Test Cou pon

GND
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Test Cou pon Design

e Test cou pon routin g should match routin g
guidelines for RDRAM bus

¢ Follow trace to trace s pacing rules

¢ Ground shields re quired to control etch and reduce
coupling

¢ Ground traces will affect trace im  pedance, so the y must
be included in test cou pon

e Signal trace routin ¢
¢ Route strai ght (no bends ) for best results
¢ End of trace should be 0 pen - no pad or via

e Ground pads re quired for probin g

¢ Microsti p - Signal and ground pad

¢ Stripline - Signal and pad for each reference plane
irﬂkﬂ® Intel’'s
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Test Procedure

e Equipment calibration is critical
¢ Careful calibration is required for accurate results
¢ Procedure is defined in TDR Methodolo gy Doc
¢ 28 Ohm standard should be used to verify test setup

e Probin g techni ques
¢ Standard hi gh-frequency probes are acceptable
¢ Discontinuity at probe tip must be minimized
— Minimize ground lead len gth
— Probe ground pad should be near si gnal pad
e Reading the data
¢ Impedance will vary alon g transmission line

¢ Ringing will also affect measurement
— (Beginnin g (near probe) of line will have more error
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TDR Measurement
Maximize the dis play

e Display Adjustment:

¢ Linelaunch pton
first column.

¢ Reflection on last
column

¢ Utilize vertical
scalin g to maximize
screen

............................................

§ Reﬂechoﬁ ......
Region

...........................................................

...................................................................

Reflected
‘ Edqe

Launbh ;
Edge

intel. Proper dis play adjustment is im p%



TDR Measurement

Measure the avera ge mean

e Measure the res ponse

correctl y:

¢ Region should be after
mid point sli ghtly before
reflection re gion

¢ Take average impedance of
the mean re gion

inteMe€asure the ri ght re gion and take amta\&

1
Limit =%

e (50%) -

\

2\

L%\W .........................
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Rambus 28 Q Measurement

Calibrate a gainst a standard

Stafrfard

Instrument + Cable + Probe = Total Error

e Determine e quivalent error at probetip

intel. Standard can determine error nters
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Rambus 28 Q Measurement
Use error as an offset

e Compare standard value a gainst measured value
& Measure standard with cable connected

e Use difference between measured and actual
e Shift s pec window b y that amount

e Example:
¢ Calibrated value = 25 Ohms
¢ Measured value = 27 Ohms
¢ Difference =+ 2 Ohms

Shift measurement window b vy error value
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Standards

Standard value must be closetos pec

e Option 1 )*preferred

— 28 ohm airline
— 15 cm min length

e Option 2)

— Two 50 ohm airlines connected in  parallel
(25 Ohms)

— 15 cm min length

Airline standards provide best accurac vy
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HVM Testin g

e Test at 100% for earl y production
¢ Avoid excursions on first  production units
¢ Use recommended TDR test probes

e Lotto Lot checks (sample)
¢ Once stabilit y of materials & process have been established

e Frequent calibration recommended
¢ Use 28 Ohm calibration standard

¢ Use Intel recommended calibration method for offset
calculation

e Place cou pon in middle of panel to minimize error
¢ Or a minimum of 0.8”" from ed ge of panel

e X-section data to check for process variations
irﬂkﬂ® Intel’'s
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Reference Collateral

Collateral By Available

PCB Test Methodolo gy Doc Intel WWW

TDR Theory (AN 1304-2) HP  WWW

URLS:

Company URL

Intel Cor poration htt p://develo per.intel.com/ial/home/s p/index.htm
Hewlett-Packard www.tmo.h p.com/tmo/

Tektronix www.tek.com/Measurement/sco pes/

Polar www. polar.co.uk
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Summary and Conclusion

e Meeting 28 Q +/-10% requirement is critical
for a solid motherboard desi gn

e Board and trace geometries can be
calculated, or use reference desi gn

e Material tolerances need to be anal yzed
usin g X-section measurements

e Test builds will be re quired to dial in
process

e Accurate Im pedance measurements are
required to verif y design
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