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ADC&] ...we had to design a board:

Size: 30.7”x 11.4” = 350sq”

100 pins gold edge
Connector

Material: FR4, Hi-TG
Industrial components

Termination and P/U Resistors |
2300 e

Controlled Impedance signals | 1 FERSEIESEAEEE

50/1000hm . e st
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Very few PCB manufacturing houses would be able to
handle this size. If they can, the cost would be high.

Most would lack the right tooling and capabilities for
manufacturing of the PCB.

Even fewer assembly houses would be able to place a
board of this size within the stencil, on the pick & place
machines, and then through the re-flow oven.

Again, cost would be an issue.




ADC.QJ Review of options and

selection of solution

The following criteria led to the selection of
Embedded resistor technology:

Availability of:
Design tools
PCB layout tools
PCB manufacturers

Reliability data

Assembly houses

An open question remains: How do we construct
the Cost model ?
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Resistor embedded design rules were studied in a
very short time with the help of design guidelines by
Ohmega-Ply.

Found two sources on cost models:

Source 1: CALCE Cost modeling: University of
Maryland. This model is based on Assembly,
Materials, Yield, Trimming, Parts procurement

Parts handling, Rework
—

_— e —
§ —————
=

S——




ADC&'! I Cost & Technology

Source 2. A model for application-specific analysis
of discrete passive components

P. A. Sandborn, B. Etienne, and G. Subramanian, “
Application-Specific Economic Analysis of Integral Passives in Printed Circuit Boards."
IEEE Trans. on Electronics Packaging Manufacturing, Vol. 24, No. 3, pp. 203-213, July 2001.

Compaonent | AssemblyTest/
MTmm Rework Cost

ComponentSize | |  Board Size | Boad !

Analysis " Aualysi Fabrication Cost Els
Application- -
Specific Wiring —— E’ﬂ‘;t”:i
Details y
Layer Throughput
Calculation | Model



http://www.enme.umd.edu/ESCML/Papers/IEEE_Emb_pas.PDF

with Embedded resistor technology

ADCODI Our case study: the board, designed

Size: 12.9” x 14.4” =185sq”
PCB Thickness 1.6mm
Material FR4 Hi-TG
Industrial components
Embedded Resistors 2300

Controlled Impedance signals
50/1000hm




ADCO! I Comparison of boards
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ADCQJ Comparison Chart

Standard Technology Embedded Technology

dimension 30.7x11.4” = 350sq” 12.9” x14.4” = 185sq

unit size layout
area 100% 52%
substrate 41% 16%
unit cost BOM 17% 22%
assembly 42% 10%

100% 48%




ADC, I I This Is our case study...

R
‘We conS|dered Embedded Resistor technology

Resshor Capadtors

Ter] T

Reasons being....
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The trend towards miniaturization has been with us
for quite a while.

A question that arises frequently in this context is
as follows:

Can we offer miniaturization in three dimensions
rather than the conventional two?

A positive answer to this question is now provided
through the embedded passive technology.
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Passive components are known to dominate in many
categories.

e World market share: $700B+ (2004).
e Passives on circuit boards
occupy 40%+ of available substrate area,
contain about 30% of all solder joints,
take about 90% of the total assembly cost.
Each IC employs additonal 15 — 40 passive components in
a typical design.

— Passive components have an adverse effect on the size,
weight, performance and overall cost of PCBs.
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Improved line impedance matching

Elimination of inductive reactance of SMT devices

- - 100
Reduced series inductance
1C ——— -

Shorter signal paths % | -

& = ==

E_ 0.1 + é%E
Reduced cross-talk, E T e
noise and EMI i — — ;

0.001
1 10 100 1300

Freqguency (MHZ)

Impedance of a SMT capacitor (85118) and a BC test board {A)
Figure 12
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Better functionality = lower inductance
e from: 0.9 nHy for a1206 SMT resistor

e to: 0.4 nHy for an embedded resistor

18
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Increased active component density & reduced

form factors

Improved wire-ability
due to elimination of
via and smt pads

Reduced board size/
reduced layer count
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Figurs 10
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Elimination of discrete components
Improved assembly yield
Assembly on top side rather than on both sides

Board reduced size/layer

Reduced purchase cost, management, shipments

Reduced storage floor area
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Fewer defects per unit (DPU) when BP iIs used
Two fewer solder joints per discrete component
Two fewer vias per discrete component

Longer MTBF of an assembled board

Actual values can be derived from DoD-MIL-HDBK-217
or Bellcore FR-NWT-000978
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Consider BP at the Circuit Design phase, preferably earlier

Define material, component technology, select design Kit(s)

: Sheet resistance Es = 25 (J/sq
Analyze your design

You can determine if BP Is
a viable option and which
components should be
Embedded

Decide together with your [I] o-+w.r=1000

PCB Manufacturer on the
choice of the resistive sheet
to be used in the design

L=025W.E=6250
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In the process of
schematic design,
define naming
convention for the

BP and run

simulation phase
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Component selection: type, value, tolerance, power rating

25 a7 R1,RZ,R5,RE,R9,R10,R1S, 10K brilok_005w_100 ey
R14,R17, 18, R1D, R20, RZ1, o7 R AL R RO RE, R RS, 100 T8l
RZ2,R23,R24,R25,R27,R2E, R27 R73.R24 RIS RIT7 RIR.
R20,R30,R31,R32,R33,R34, Rzg’Rga’Rgl’Rgz’Rgg’R34:
R35,R36,R37,RIE,R45, R4E, RBS’RE@’RE?’REEZR45:R46,
R47,R45,R40,R50,R51,R52, R47 RAR. RAD RSO RTL RS2,
R53,R54,R55,R56,R57,R5E, R53.R54,R55, R56. R57, RS,
R59,R60,R77,R7E, R79, REO, R5G. RGO, R77.R7B, R7D, RGO,
RE1,RE2,R83, R84, RBY, REG, R81,RE2,RB3,R84, R85, REA,
RE7,REE, RED, RGO, ROL, ROZ, RB?:REE,RBg,RgD,R91,R92,
R113,rR114,R115,R116,R117, R113,R114,R115,R116,R117,
R118,R115,R120,R121,R122, R118,R119,R120,R121,R122,
R1Z23,R124,R125,R126,R127, R123,Rr124,R125,R126,R127,
R1Z8,R142,R144,R146,R148, R12E,R142,R144,R146,R14E,
R161,Rr162,R165,R164,R163, R161,R162,R163, R164, R1ES,
R166,R167,R168,R165,R170, R166, R167, R168, R16G, R170,
RL71,R172,R175,R174,R17], R171,R172,R173,R174,R175,
R176 R176

26 8 R3,R4,R7,R8,R11,R1Z,R1S, 0 rOs0% 8 R3,R4,R7,RE,R11,R1Z,R1S, 0 rOg0s
R16G R1E

27 15 RS3,R%4,R95,R155,R154, 330 br330_025w_100 15 RO3,R04,RG5,R153,R154, 330 FOBOY
RL33,R156,R204,R205,R207, R155,R156,R204,R205,R207,
R208,R209,R210,R212,R213 RZ0B,R209,R210,R212,R213

25 1 ROG 2.2K rO80s 1 RO 2. 7K r0805

26 4 R141,R143,R145,R147 1K brilk_ 010w 100 4 R141,Rr143,R145,R147 1K FOREOS

30 1 R1YE 50K rO805 1 R178 50K FOROS

3l 1 RLYS al0 rO805 1 R17G a30 FOBOS

32 1 R180 200K rO805 1 R1E0 200K rO805

13 1 R1EL 500 rO80s5 1 R181 500 rO805

34 1 R1EZ 150K rO805 1 pl1s2 150K rO805

Embedded BOM Conventional BOM
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Optlmlze component deS|gn: N T

- p/u & p/d values
termination values

in

0230

Create component library

No. of squares = 90
No. corner squares = 18
The effective No. of square = 0.56 for current density at right-angle path of corner square
Total No. of effective squares = 90 + (18 x 0.56)
= 100 squares

Generate components T
minimize component area and material use

0.0100
— _.. ——1 0.0220 [—l—
0.0220

\ Resistor Width = 10 mils
0.0100

Resistor Length = 22 mils
Resistor Width = 22 mils No. of square =22 mils/10 mils =2.2

Resistor Length = 10.3 mils Resistance value = 2.2 square x 100 ohm/square = 220 ohms
No. of square = 10.3 mils/22 mils = 0.4

Resistance value = 0.47 square x 100 ohm/square = 47 ohms

Figure 1: 47 ohms resistor footprint Figure 2: 220 ohms resistor footprint
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Design your stack-up

Verify with your PCB manufacturer: feasibility, material, cost

ZBC-2000
3
4 I
3 ]
&
. ZBC-2000

E

Signal ] I

] I
Ground
Power 3 I
Siznal s —
Siemal 5
Ground 6 I
Power .
Sipnal 8§ T
Eight Layer BC Lavap

Figure 16

S1znal
Ground
S1znal
Fower
Ground
S1znal

Power

S1znal

| J-’rs;:rfg
Petwas
Stamdard Core
Prepreg
| standand Core
Laroung
| Prepreg

May or may
not
have impedance

Buried Capacitance
8 Laver Conversion

Fregreg I

ot 1|
Fowar 3 1 L =+ Bl
Powwer 3 | Tremees | BC are
Standard Core Crrerall Thickmess
| = | Femuing Unchamped.
Coouzd £y e
Powar | Prepveg |

Impedance and thickness
cart be maintained with
minor adpustments,
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Update Stack-up

BOM preparation for PCB manufacture indicating:

resistor value
In what layer
what tolerance

IS required

SPACE 4.75 mil:

SFPACE 4.75 mt
SPARCE LB mel

SPACE 4.75 mit

SPACE 4.75 mul

$0LDER HASK BOT
SILFE BOT
FLUG VIA

-5 - B.Bpoz

Embaddad componante
MTEZ - Loz
MTZ - Loz
MT4 - Loz
MTS - Loz
Embedded componante 5

'S - B.5oz
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Start Layout placement:
Place main IC and components

Place embedded passives in relevant layers




Start Routing:
Connect embedded resistors

Leave open plane channels

Power layer route VO OO
) SO G
YOODOC
Jelelelele)
»OQOOO)

lolololele.

.............
s

L]



GND plane: Direct connection of the
embedded resistors to the plane layer



000000000000000( E:>D§§§3 0000000000

s " st

Gerber preparations: Superposition of GND
and embedded resistor layers




Components in
cavities

Bonding to
any layer

Multi-layer
capacitors

Filled via resistors

Planar inductors

3-D-inductors/transformers
Buried resistors
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ADCgl! I What have we gained?

Smaller PCB size in production

Cheaper Assembly

Faster Assembly

Higher Reliability

Shorter Signal Traces

Gained Component storage area

Reduced purchase costs




ADC&] What are the tradeoffs?

Flexibility to change
resistor values

i i A Al

b

A o § a4
(L L




ADC?_' Example (Mentor Graphics)




ADC._Q_]__F'

IPC-D37A
IPC-D37B
IPC-D37C
IPC-D37D

IPC-2316
IPC-4811

IPC-4821
Materials.

IPC-4902

Emerging Standards

Embedded Passive Devices Design Task group
Embedded Passive Materials Task group

Embedded Passive Devices Performance Task group
Embedded Passive Devices Test Methods Task group

Design Guide for Embedded Passive Devices
Specification for Embedded Passive Resistor Materials.
Specification for Embedded Passive Capacitor

Specification for Materials for Embedded Passive
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Embedded passives are seen as a key enabling
technology In the National Electronics Manufacturing
Initiative (NEMI) Roadmap.

The technology developed In this program will
translate to a variety of other applications because of
the expanded performance, potential for lower system
cost, reduced area requirements, and improved
reliability.
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i Ruth Kastner
+972- 9-7417411 - ext. 106

+972- 54-6681414
Ruthk@adcom.co.il
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