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A Brief History..........

IBM (@server xSeries
 |IBM Beaverton/ Sequent Computer Systems, Inc.

— Used Buried Resistor Technology since May 1995

— Designed into 3 generations of NUMA-Q servers.
o Sting ! (Intel Pentium® Processor)
» Scorpion (Intel Pentium-11® Processor)
» Centurion (Intel Itanium® Processor)

— Originally used to solve board real estate problem

 Ben€dfits

— Improved analog signal quality (lower inductance)!
* 0.9nH for 1206 SMT Resistor
e <0.4 nH for Ohmega-ply® Resistor

— Eliminates discrete resistors from assembly
— Lower opportunity for assembly defects

— Improved board reliability

— Reduces board size

Ohmega-Ply® isaregistered trademark of Ohmega Technologies, I nc.
vais20  IBM (@server. For the next generation of e-business.  rae2oiss



Component Size Comparison

» Discrete Resistor options vs. Buried Resistor
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Maximized Resistor Placement

IBM (@server xSeries

o 372 Resistors (186 per side)
— 0402 w/blind VIAs would take ~1.3 in2
— 0201 w/blind VIAs would take ~0.76 in?
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Scorpion LY NX2 PCB
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IBM (@server xSeries
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Scorpion Bus Topology

IBM (@server xSeries

MAIN BOARD
1.5V 1.5V
RB1 RB2

47 OHM 47 OHM ,/ >

Custom ASIC Custom ASIC 16 Diff

) ,’ 42,5 x42.5 mm ,’ 27 X 27 mm '
81 768 1/0 BGA 92 301 1/0 BGA , .
RB3 7 \

180 OHM 16 Diff.

* Bustopology for Scorpion Design
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Omega-Ply® Material

IBM (@)server xSeries

Resistive Material
Nickel Phosphorous

0.005in. min.
0.1 - 0.4 microns
i I
f Core Laminate Material
v T
—
0.0006in.
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Buried Resistor Processing

IBM (@server xSeries

e Formation of Buried Resistor on plane layer.
o 1stImage, 1st & 2nd Etch Clearance (define resistor width)

« 2ndImage & Etch Resistor Element (define resistor length)
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Scorpion LY NX2 PCB

IBM (@server xSeries
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Scorpion LY NX2 PCB

IBM (@)server xSeries

e Secondary Side
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47 Ohm Buried Resistor

IBM (@server xSeries

Resistor Area = 0.010" x 0.0188"
= 0.000188in?

Power = (1.5V)? / 47 ohms
= 47.87 mW

Power Density per resistor element
=47.87 mW / 0.000188 in?
= 254.64Watts per in?

Using 25 ohm / square material
Tolerance:

Preferred: 47 ohm +/- 10%
Acceptable: 47 ohms +/- 15%

Plane
Clearance

All dimension in inches
unless otherwise noted.

Ohmega-Ply® isaregistered trademark of Ohmega Technologies, I nc.
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100/100 Ohm Buried Resistor

IBM (@)server xSeries

Tolerance:
Preferred: 100 ohm +/- 10%
Acceptable: 100 ohms +/- 15%

Using 100 ohm / square material

0.183in. |
Finished Hole & o 018in.—— {«—0.0290in.
0.0300in.
Drilled Hole 0.015in.——|
! )
Pad @ 0.030in.—— o
¥ 0.0300i
Plane Clearance ~ ——»| X 0820
®
0.005" around element i
+—0.0290in. 0.0580in. 0.0110in. 0.0050in.

Resistor Area = 0.030" x 0.030"
=0.0009 in?

Power = (1.8V)? / 100 ohms
= 32.40 mW

Power Density per resistor element
= 32.40 mW / 0.0009 in?
= 36 Watts per in?

Ohmega-Ply® isaregistered trademark of Ohmega Technologies, I nc.
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Scorpion LY NX2 PCB

IBM (@server xSeries

 Buried Resistor Locations
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LYNX2 Cost Analysis

IBM (@server xSeries

e Assumptions

— $200 per layer of Buried Resistor (BR)

* Cost includesthe following
— Material
— Processing
— Test

e 2Layersof BR material @ $200 per layer
— 3 LYNXZ2images per 18" x 24" panel
— $400 + 3 = $133.33 per PCB for BR Technology
— 372 Buried Resistors per image
* A total of 1116 Buried Resistors per panel
« $400 + 1116 = $0.3584 per Buried Resistor
o Discreteresistor cost

— Part cost + Placement cost + Test & Repair cost
e $0.01+ $0.10 + $0.01 = $0.12

Ohmega-Ply® isaregistered trademark of Ohmega Technologies, I nc.
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Cost Reduction

IBM (@server xSeries

—Take advantage of the benefits of
BR Technology,

And
—Reduce cost.
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Scorpion LY NX2 PCB

. . . IBM (@)server xSeries
 Buried Resistor Locations i
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“TERM” Board Concept

IBM (@)server xSeries

374 BGA Terminator
Side View

BGA Device

1
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“TERM” Board Top View

IBM (@server xSeries
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“TERM” Board Stack-up

IBM (@server xSeries

. . . . . Buried
Layer CU (mil) Dielectric (mil) TYPE TRACE (mil) Resistor
1 0.6>1.7 SIG #1 8.0
330 OHM
CORE 15.0 100 OHM/SQ.
2 0.6 GROUND
Thin Dielectric 4.0
3 0.6 VTERM
65 & 75 OHM
Core 15.0 25 OHM/SQ.
4 — 0.6>1.7 SIG #2 8.0

BOARD THICKNESS =0.0366 +/- 0.007 in. metal to metal

Ohmega-Ply® isaregistered trademark of Ohmega Technologies, I nc.
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Centurion Bus Topology

* Bustopology for Centurion Design

IBM (@server xSeries

1.5v

RB1
65 OHM

TERM BOARD

N/

Custom ASIC
42.5x42.5 mm
768 1/0 BGA

1.5v

2

RB2
75 OHM

MAIN BOARD

RB4
75 OHM

1.5v

2

TERM BOARD

i

RB3
330 OHM

RB5
330 OHM

i

Custom ASIC
27 X 27 mm
301 I/0 BGA

/

A4

/
16 Diff.

/

N\

/
16 Diff.

e Each CSCLIC TERM board contains 272 Buried Resistors

« Each DP TERM bhoard contains 184 Buried Resistors

Ohmega-Ply® isaregistered trademark of Ohmega Technologies, I nc.
vaisz0  IBM (@server. For the next generation of e-business.
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CSCLIC Term Pandlization

IBM (@server xSeries

Centurion Term-CSCLIC Panelization

18.000in.
15.1032in.
. — r«——20.00mm.
E’
pat @ 0.125in.  NPTH 1x top each strip

1 2 3 4 5 6 7 8 9

10 11 12 13 14 15 16 17 18

Score and Break ~ 19 20 21 22 23 24 25 26 27

\ 9.4488in.
12.000in.

28 29 30 31 32 33 34 35 36

40.00mm 37 38 39 40 41 42 43 44 45
<

J 46 47 48 49 50 51 52 53 54
0.2500in. 0.0374in.
Bl +

— A AT =] :
o
/ ¥¢ 0.125in.  NPTH 2x bottom each strip
1.00
» I —w  [«—10.00mm. Detail A Dimension FAB from center of score line V grove.
Add score line o . . i
top and bottom 5 —- {=—40.00mm. 0.093in.—» [—  Routing Channel
—»i-0.0374in. Score and Break
< 0.015
. . . 0.036
Identify datum (X - Y) for each image on panel drawing.
DO NOT depanelize images. 30.0°
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DP Term Pandlization

Centurion Term-DP Panelization

IBM (@server xSeries
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Ho E
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DO NOT depanelize images.
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Centurion CLYNX PCB

IBM (@)server xSeries

 Primary Side
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Centurion CLYNX PCB

IBM (@server xSeries
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65 Ohm Buried Resistor

IBM (@server xSeries

@ 0.010in.
@ 0.020in.
@ 0.028in.

[+ 1.2700mm.———————————»

Resistor Area = 0.009" x 0.0234"
=0.0002106 in?

Power = (1.5V)? / 65 ohms
=34.6 mW

—
Power Density per resistor element
= 34.6 mW / 0.0002106 in?
= in2
0.0225in. 0.004in. 164.37 Watts per in
0.006 .
RB”r.'etd 0.009in. RB“'.'eld
1.27mm. esistor * ‘ esistor
4 DI D)
0.0030in. r—o,ozmin, F—-o.oossin.
T ﬂ 0.0030inq F ' Using 25 ohm / square material
0.0050in.
Tolerance:
Y Copper Pad

Preferred: 65 ohm +/- 5%
Acceptable: 65 ohms +/- 10%

Plane Clearance Channel

Buried
Resistor

Buried
Resistor

D)

All dimension in inches unless otherwise noted.

Ohmega-Ply® isaregistered trademark of Ohmega Technologies, I nc.
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75 Ohm Buried Resistor

IBM (@server xSeries

@ 0.010in. 1.2700mm. >

@ 0.020in. Resistor Area = 0.009" x 0.027"
= in2

@ 0.028in. 0.000243 in

Power = (1.5V)? / 75 ohms
=30 mW
-—

Power Density per resistor element
=30 mW / 0.000234 in?
= in2

0.0225in. 0.004in. 123.46 Watts per in
Il
0.006. — : T ) )
RBel;r-fa-Oogi"- RBeLglset((jar
1.27mm. Sy !
0.0030i b‘ ’470 0270i ) : J
. in. . in. 0.0050in.
R 0.0030inq ‘« ! Using 25 ohm / square material
0.0050in.
Tolerance:
Ce Pad
A opperre Preferred: 75 ohm +/- 5%
Acceptable: 75 ohms +/- 10%
Plane Clearance Channel
) )
Buried Buried
Resistor Resistor

D)

All dimension in inches unless otherwise noted.

Ohmega-Ply® isaregistered trademark of Ohmega Technologies, I nc.
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330 Ohm Buried Resistor

IBM (@server xSeries

 0.010in. e 12700mm— ]
0.020in.

2 0.028in.

Resistor Area = 0.008" x 0.0264"
=0.0002112 in?

Power = (1.2V)? / 330 ohms

=4.36 MW
-
Power Density per resistor element

=4.36 mW / 0.0002112 in?
= 20.64 Watts per in?

0.0225in. 0.004in.

gL+ "5 D

0.006 Buried . & Buried

Resistor 0.008in. Resistor

1.27mm.
4 ) )
0.0030in. ‘470.0264in.4>1 ‘4—!0.0056in.
T ! 0.0030in. e Using 100 ohm / square material
|

Tolerance:
Preferred: 330 ohm +/- 5%
Acceptable: 330 ohms +/- 10%

v . Copper Pad

Plane Clearance Channel
14

Buried
Resistor

D)

Buried
Resistor

5

All dimension in inches unless otherwise noted.

Ohmega-Ply® isaregistered trademark of Ohmega Technologies, I nc.
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Tolerance Chart

Resistor Ratio

25%

Nominal Termination Voltage and Zo 20%
15V V =[330/(75 + 330)] *1.5 = 1.22V
RTERM = (330 * 75)/(330 + 75) = 61.11 ohms

15%

10%

Signal

5%

0%

-5%

If RB1 = 86.25 ohms (+15%)
Then RB2 must be between 379.5 and 313.5 ohms (+15% and -5%)

-10%

330 Ohm Resistor (to GROUND) Tolerance

V = [379.5/(86.25 + 379.5)] * 1.5 = 1.22V (+15%)
RTERM = (379.5 * 86.25)/(379.5 + 86.25) = 70.28 ohms

-15%

-20%

V = [313.5/(86.25 + 313.5)] * 1.5 = 1.18V (-5%)
RTERM = (313.5 * 86.25)/(313.5 + 86.25) = 67.64 ohms

-25%

IBM (@server xSeries

Buried Resistor Tolerance Chart

CHART 1

High Ratio

Absolute Tolerance

Low Ratio NOTE: The ratio
Tolerance tolerance area may ONLY

Area be applied to resistors that
are located on the same
signal net. It may NOT be
applied to resistors that
only have their power nets
in common.

-20% -15% -10% -5% 0% 5% 10% 15% 20% 25%

75 Ohm Resistor (to VCC1.5V) Tolerance

Ohmega-Ply® isaregistered trademark of Ohmega Technologies, I nc.
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DP Term Gerber's

IBM (@server xSeries

e 75 0hm Buried Resistors (VTT)
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DP Term Gerber's

IBM (@server xSeries

e 330 Ohm Buried Resistors
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CSCLIC Term Gerber's

330 Ohm Buried Resistors

i CARWYU W B.D - o \camvuitermcsclic.peh

IBM (@server xSeries

Fil= Yiem [nio Tables Seings Help Lz

[=e=0 =] [02) Rownd sonen =] fLz7EErErs =l

[ osomoors0  Joch [SeectComsnd  z[s[v 1]H|

Ohmega-Ply® isaregistered trademark of Ohmega Technologies, I nc.

vais20n  IBM (@server. For the next generation of e-business.  eaesioiss



CSCLIC Term Gerber's

IBM (@server xSeries

e 75 0hm and 65 Ohm Buried Resistors
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Centurion CLYNX PCB

IBM (@server xSeries

 Buried Resistor Locations

U5 Left bubton sets active laper. Bight bultion sets Top layen
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CLYNX Cost Analysis

IBM (@server xSeries

e Assumptions

— $200 per layer of Buried Resistor (BR)

e Cost includesthe following
— Material
— Processing
— Test

e CSCLIC TERM Cost
— 108 CSCLIC TERM images per 18" x 24" panel (18 1x6 strips)

— 272 Buried Resistors per CSCLIC TERM
» A total of 29,376 Buried Resistors per panel
» $400 + 29,376 = $0.0136 per Buried Resistor

 DPTERM Cost
— 192 DP TERM images per 18" x 24" panel (24 1x9 strips)

— 184 Buried Resistor per DP TERM
» A total of 35,328 Buried Resistors per panel

o $400 + 35,328 = $0.0113 per Buried Resistor
Ohmega-Ply® isaregistered trademark of Ohmega Technologies, I nc.
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CLYNX Cost Analysis

IBM (@server xSeries

 Actual Costs Savings

— Reduced Size of PCB
 LYNX2 3imagesper panel. Cost of FAB = $385.00
¢« CLYNX 5images per panel. Cost of FAB = $98.00
» Cost Savings of $287.00

— Actual Cost CSCLIC TERM
e Cost of FAB = $15.25

e Cost of solder bumping process = $2.50
o Tota =$17.75

— Actual Cost DP TERM
e Cost of FAB = $10.05
» Cost of solder bumping process = $2.50
o Tota =$12.55

 Total Realized Cost Savings
— $385.00 - ($98.00 + $17.75 + $12.55) = $256.70
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