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Lecture 1 Introduction

e The package roadblock to system
performance

e What is packaging?

e Packaging technologies
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Minimum Feature Size
Feature Size

(microns) Examples

100 Human hair, 100 um

Amoeba, 15 um

Red blood cell, 7 um

== |ntel [update 5/20/02]

== |TRS [2001 edition]

AIDS virus, 0.1 um

‘90 ‘95 00 '05
Projected
Buckyball, 0.001 um

A
onductors (ITRS)
* [ITRS DRAM Half-Pitch vs. Intel “Lithography”]
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Borsuk & Coffey, Defense Horizons
Figure 1. IC Feature Gate Size

1000

2001 MPU Prinied Baie Langth
® 2000 MPL Pheysical Gata Length
w18 [TRG M P Gt Lingth

N,

Tex:imology Mode—DRAM HafPitch (nm)
g

= e
.i‘x_! e,
- P B _E""-\-_
Zyear Qycle b o HH_""‘--._*-._
-~ B -
F-year Eycle [
]
10 -
1285 == 201 a0 207 2010 Mz 015
‘Year of Production
e Electronics Packaging TKK 2009 7 April 2009




Why is Packaging Important?

* Elementary example:

. Semiconductor Chip Parameters
1980 1990

¢ Feature size 4 tm 1 um

e Chip area 0.3 cm? 1.5 cm?

® Gates/chip 5,000 100,000

® UP clock freq 6 MHz 40 MHz

* Power 2W 10W

¢ 1/0 count 64 1500

e Electronics Packaging TKK 2009 7 April 2009

Chip density, power, speed

1980 1990
Cktsize  L° 4u—lp L*/16
Chip size 0.3cm® S5xArea—> 1.5cm’
Ckts/chip N —  5x16N=80N (20N)
Pwr diss” 2w [+4— 80x2w/4=40w (10w)
Clk freq 6MHz C/16, /4 24MHz (40MHz)
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ITRS product categories

Product category Product description
Low cost <$ 300: consumer products, microcontrollers, disk drivers
Hand-held <$ 1000: battery powered products e.g. mobile and cellular
products
Cost/performance | <$3000: notebooks, desktop personal computers
High performance | >$3000:high-end work stations, servers, avionics,

supercomputer

Harsh environment

Under-the-hood and other hostile environment products

Memory DRAM’s, SRAM’s
B Electronics Packaging TKK 2009 7 April 2009
1992 1995 1998 2001 2004 2007

Feature Size ( pun) 0.5 035 0.25 018 - P13 _0‘07
Gates/chip 300K B00K M M TOM - 100M
Transistors (cm 2) 0.01B 0.04B 0.1B 0:22B 0.0B 248
Chip Size (mm?) : s
Logic/Uniprocessor 250 400 600 800 1000 1250
DRAM : 132 200 320 500 700 1000
Maximum Power {Wf’Die). : . Z
High Performance 10 15 - 30 40 S AD-120 40-200
Partable 3 4 4 4 A : 4
Power Supply Voltage (V) . = .. i
Desktop 773 33 22 2.2 1.5 1.5
Portable 33 22 23S 1.5 A
No. 1/0s 500 ©750 1500 2000 3500 5000
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Semi-log Moore's plots of

the Road-map data

A
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FIGURE 9.11 Rent's curves for various digital systems. Data points are clas
sified according to product identification.
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Rent’s rule plot of roadmap data

‘ I0's

5000

3000

2000

1000

500

,""""'x_

-

Rent's Rule

I1O's = o (gates/chip)B

gates
A fchip
-

100K

1M 10M

100M fil 2009

Pkg pins ~ K (bits or gates)®

SRAM

uP

Gate array
Computr:chip
Computr:syst

7 April 2009

B
0.12

0.45
0.50
0.63
0.25

Electronics Packaging TKK 2009

K,
6
0.82
1.9
14

82

4/6/2009



Rent’s Rule
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Figure 1.4. High-performance Rent's Rule. ¥
e Electronics Packaging TKK 2009 7 April 2009

Example |/O

Package 1980 1990
64-pin DIL 1500-pin QFP
0.1in pitch 0.01in pitch
3.3x1.0in 3.75x3.75in’

Pkg I/0O 64 pins  Rent’srule—> 1500 pins

Chip:  0.6x0.5cm’ 1.25x1.2cm’

I/O pitch 344 pm 33 um
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Clock Frequency vs Time

100+

* @ CISC Architecture
< O RISC Architecture
@ ITRS FUTURE Projection

10—

Clock Frequency (GHz)

1
1976  '80 ‘85 90 ‘a5 2000 05 10 "5 ‘20

FIGURE 7.5 Microprocessor and single chip packaging evolution.
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Bare and packaged chip speeds

System interconnect performance gap
140 —

120 —

100 —

Clock frequency (MHz)

40 —

20

Year

O Conventionally packaged system Wl Bare chip speed

Figure 1.3. Bare-chip and conventional packaging speed trends.?
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Power dissipation follows clock frequency

Powar Diaslpation (W)

1
g T T T T T T T T T T T T T
1989 1880 1991 1992 1993 1994 1905 1996 1997 1998 1999 2000 2003 2005

FIGURE 79 Fower dissipation reqeisements of intel microprocessars.
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Trend to CSP

- IC Size
80 s Package Size

-

T T T T T T T
1960 1965 1870 1975 1980 1985 1990 1995 2000 2005

Year
FIGURE 7.22 IC packaging efficiency of various single chip packages.
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Package functions

Power Distribution

Signal Distribution

Heat Dissipation

Package Protection

Figure 1-1. Four Major Functions of the Package.) + P[e an e

%CEof’f.
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Electronics Packaging is Multi-disciplinary!

e Electrical e Materials
® Architectures ® Metallurgy
® Power distribution ® Ceramics
e EMI/EMC, crosstalk, Al & ® Polymers

switching noise ® Surface science

® Mechanical o Interfaces/diffusion

® Vibrations ® Manufacturing

® Stress ® Instrumentation
® Thermal ® Process control
® Conduction cooling ® Manufacturability/ Test

e Convection cooling

e Electronics Packaging TKK 2009 7 April 2009
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Packaging Levels

Electronic Package
Hierarchy )
_—

f;msle cl:ip Module)
H i m
P

(Mother board)
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Lead Pitch/Density: peripheral leads, area array, 3D

3.0

Lead Pitch (mm)

0 10 100 1000

Connection Density (leads/cm?)
FIGURE 7.25 Summary of single chip package evolution.
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PWB Density

0.3 —

0.25 —

0.2 —

0.15 —]

0.1 —
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I ! i I | [ I. I
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Years
FIGURE 16.32 PWB roadmap.
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PWB line width, pitch, & pin-count

1) LUS= 100/100: Conventional PWB
2) US= 75/75: Conventicnal PWB
3) LUS= 50/50: Conventional PWB
4) L/S= 30/30: Conventional PWB

5) L/S= 20/20: Conventional PWB
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FIGURE 16.33 The relationship between line width, pin pitch, and number of pins
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Electronics Packaging

Electronics packaging covers all technologies involved in device
manufacture and design from the chip to the board. In modern
devices, it is usually the package which limits system performance, and
its cost can greatly exceed the cost of the silicon chip it supports.
Packaging engineers are much in demand, therefore, due also to the
fact that the field’s inherently multi-disciplinary nature creates a
shortage of qualified people. Modern practice calls for chip/package
co-design, making an understanding of packaging principles a must for
all IC designers.

e Electronics Packaging TKK 2009 7 April 2009

Lecture Objectives

Introduce first-level interconnect technologies:

¢ wire-bond & flip-chip

Introduce standard SMT & PTH packages

® (surface mount technology & pin through hole)

Introduce MCM, COB, DCA, CSP,WLP, etc

¢ (multi-chip modules, chip on board, direct chip attach, chip-scale

package, wafer-level packaging)

Introduce basic packaging acronyms

@ Electronics Packaging TKK 2009 7 April 2009
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Packaging Technologies

® Single-chip packages (SCPs)
Multi-chip modules (MCM:s)

Encapsulation

Wire Bond

[TAB (tape automated bonding)]
Flip-Chip

New developments

@ Electronics Packaging TKK 2009 7 April 2009

Single-Chip Packages:

Ist level interconnects: wire-bond, TAB, FC
2nd level interconnects: PTH & SMT
MCMs (multi-chip modules)

DCA (direct chip attach)

CSP (chip scale packages)

@ Electronics Packaging TKK 2009 7 April 2009
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First-level interconnect

WIREBOND TAB

FLIP CHIP SOLDER BUMP

{Courtesy E. Larson).

® Wirebond TAB

Flip-chip
(Tape-automated bonding)

e Electronics Packaging TKK 2009 7 April 2009

Figure 1-2 Common types of first level connections. Chip to common circuit base.

LA 8 T F

SUNSESS ARSI S AT

» L'} » I
%/ % Lead seal
N —
N
§ Ceramic base
E | Copper (TAB)
N metallization
Figure 1.1 Cross-section of a typical plastic-encapsulated single-chip packag Substrate
Figure 1.2 Cross-section of a typical ic single-chip kag
Flipped die
Metal lid
Lid seal
V777777 7 e
=
o Emm =
R ,,//,, Lead seal
Metal base
I Lead frame
7 April 2009
Figure 1.3 Cross-section of a typical metal single-chip package
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Through Shape Typical features S;zﬂ:: Shape Typical features
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Figure 3.6 Through-hole mount-package profiles

Figure 3.7 Surface-mount package profiles

PACKAGE

e PTH

PGA

SMT:

® J-lead

® Gull-wing

® ] cadless

Z [7i77 i)

COB/DCA d)
® flip-chip

e TAB Ly

¥z 7777777 /4
@

FIGURE 3.10  Various types of integrated circuit packages and mounting tech-
niques: (a) Dual-in-line package (DIP), (b) pin grid array (PGA), {c) J-leaded chip

. carrier, (d) gull-wing-leaded chip carrier, (e) leadless chip carrier, (f) flip-chip
@ Electronics Packag%uwg %h collapsible solder balls, and (g) tape-automated Apridpapd TAB)

applied directly on the PC board
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< 0.298-0.370" _
) 0.270" (0.270 x 0.
0.014-0.050° 4—»]4— (0.270x 0.242) > 0.014-0.050"
u
Silicon IC 97 Sn | 0.016"
0.003-0.005" 40PH/G0S:
OO0 Toses.0008"
0.003-0.012“{ FR4orBTepoxy 020" | CpNi
4 I6PhI62Sn2Ag
=~ g0yzy 00127
A0.0222" ¢
0.032" _
FR4 Board 0.030-0.060"
'

Figure 1: Schematic of a SLICC package.
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LSI Chip

Electrode Pad

Fig.l Perspective view of the molded chip scale package

@ Electronics Packaging TKK 2009

External Electrode Bump

Wiring Conductor Pattern

7 April 2009
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Second-level package attach

FIGURE 1-6. A multilayer circuit board showing the attachment of through-hole and surface
mount packages. Surface mounting allows attachment of components to both sides of the board
and a higher wiring density in the board since it permits blind vias that do not occupy the grid point
throughout the entire board depth.

e SMT & PTH .
e Electronics Packaging TKK 2009 S 7 April 2009

Substrate Vias

Blind via :

T.hrough-hole via Buried via
PCB (printed circuit board) or PWB (printed wiring board)
Multi-layer laminate

Drilled, electroplated Cu

Copper paste (ALIVH), silver loaded (ECA) epoxies, etc

Electronics Packaging TKK 2009 7 April 2009
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Thermal Coupling Material

C4 Solder Bump
463 1/O 2-D Array

Cover

C5 Solder Bump - FLFIFTFTD
299 /O PAC Format Electrical

" - Interconnect

Bypass Capacitors (microstrip)

¢
0 11 0

Figure 2-14a Schematic of workstation module.

e Flip-chip (C4) BGA (C5) MCM-C

@ Electronics Packaging TKK 2009

o
7
[

7 April 2009

Relative Cost

100

100 1K 10K
I10

Electronics Packaging TKK 2009

FIGURE 8.25 MCM rel-
ative cost
1/ for the

technobogies.

5 module

ous MCM
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Figure 13.61 Cost comparison between various multichip packages [13.7].
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Encapsulation: “Glob-top”

Glob Dam

BGA Solder Balls
FIGURE 15.14 Glob-topping a ball grid array (BGA) device.

@ Electronics Packaging TKK 2009 7 April 2009

1 Squeegee

Special
encil

Figure 6-40. TAB Encapsulation. A single-orifice nozzle dispenses encapsulant
on the bonded chip.

@ Electronics Packaging TKK 208 Syringe dispense 7 April 2009
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Encapsulation: Cavity-fill

Connector Pins

Bondwire S

attach

Substrate

e Electronics Packaging TKK 2009 7 April 2009

Encapsulation: Transfer molding

FIGURE 15.13 A typical
transfer molding process
—LLPN
(a) ic)
ib) id)
@ Electronics Packaging TKK 2009 7 April 2009
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Underfill

Encapsulation: Underfill ...

Ball

Low Melting' DISPENSE FLUX A\ T
Temperature » Flux Pool
Sokder Pad o __
e - :
4 PLACEDCADEE ¥ E;ﬂpﬁ::“:‘eg
N\\\\\W\N\\\\\\\\\I\\\\\\V
Figure 1: DCA General Process Flow
G Electronics Packaging TKK 2009 7 April 2009

" April 2009

FIGURE 15.16 Underfill dispensing parameters and optimization

4/6/2009

24



Wire-bonding

® Dual-in-line (DIL) plastic package (DIP)

DIE BOND
MATERIAL

MOLDED PLASTIC

SILICON CHIP
GOLD WIRE

BOND

LEADFRAME

FIGURE 1-12. Cutaway view of a postmolded plastic package in the configuration of a dual-line

package (DIP).

@ Electronics Packaging TKK 2009 7 April 2009
| Distance between bond pads .
Radius of curvature at
f‘r’l"irera.dius /’ the heel of the bond
Length and
width of wedge
bond
Bond
Difference in height "!-—__Egd
Diameter between first and second i
of ball bond
bond i
Bond
pad
Figure 5.1 Geomerric parameters of a typical wirebonded structure
7 April 2009
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R R

@ Elecirohics Packagingm'I:KK 20097 mﬂ) ril, 2 09
Figure 2-7b State of the art wire bonding (1.25 mil Al wire, 465 /O, 4.8 mil pitc

Tungsten carbide
capillary

Hydrogen
flame
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\ T=23-77cm
/ H=384-11.5cm
° Bond length=1.2- 18 cm
> 30-45 Back radius =12 -2.5¢cm
/ 30-60°
X

i“_-'l Back ’ s
Bond length Radius 10

(a) Ultrasonic wedge bonding tool with typical dimensions

(b) Ultrasonic wedge bonding process

@ Electronipg, RackagingrEidci200&dge bonding: (a) ultrasonic wedge bonding 100l With7 ppril 2009
typical dimensions; (b) ultrasonic wedge bonding process

7 April 2009
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uy

O—2

IREBOND

_h:_/ \% -

iif-— LEAD FRAME

=z

NN

Figur? 8-16. Idealized Wirebond Configuration. A transverse load is applied to
the wirebond. The top figure illustrates the vertical projection of the wire and the

It front approaching at a mean velocity u,.
Elec__tr_onics Packaging TKK 2009
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Wire sweep
t=0
Uy  Re=0 Re=0.00! Re=0.0I Re=0.0156 Re=0.I
! i i |
] 1 1 1
¢ P B I e I (I I e
0 0J8 0360 QI8 0360 0.8 0360 10 20
ho ho ho ho
(mm) (mm) (mm) (mm)
WIRE SWEEP

Figure 8-18. Horizontal Displacement of a Wirecbond at Different Flow
Regimes. Deflection (Hp) illustrated for increasing higher flow Reynolds numbers
to show the ultimate collapse of the wire. For a package with a pad spacing of 0.254
mm, wire sweep occurs at Re = 0.0156. This critical value is governed by the wire
properties, the flow characteristics, and the package configuration.
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Wafer bumping pasca A, 2o

ox {(CVD), 110 1.5 pm Aluminum, 1 pm

SEO_L,(thtnnall)- grown)

Wafer as received is cleaned and sputier-etched

pTate Au 1o dest Mp NEIE
Contactybarrier layer(s), (-25 pm)

plated Au, 25um

Spuller deposil contacybamier layers and
protect with layer of sputtered Au

Laminate with photo resist (25 pm thick)
and develop Selectively eich away sputter deposited
layers
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Figure 7.9 Wafer bumping process flow

N

2-4-2 55 degrea anglae 350x

¢ Solder bumps

® As printed —

e Re-flowed =
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FIGURE 10.12 Comparison of typical WLP dimensions on 2 chin

Technology
-
@
I

1 10 100 1000 10000 100000
Connections/Chip

Figure 1-16. Chip-Connection Technology. The arrow highlights product-usage
in 1987. After Koopman, Ref. [11], 1988.
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Supply voltage

Copper

Copper die pad

Function  Layer
Signal 1
Signal

Ground
Signal

S~ W P

Core PWB 680 mm
Signal

Signal
Signal

o N O »

Dimensions in micrometers.

Copper ball-grid pad "April 2009

FIGURE 7.16 Cross section of plastic flip chip BGA package (all dimensions are in microns).

WLP & Redistribution

SR e e

Wafer Polymer layer Metallization
[ with or without passivation ] [ 5 um Photo-BCB ] [5umCu]
or other dielectric

- e - el

Solder mask UBM Bumps
[ 10 um Photo-BCB ] [Ti:W!;p/Cus Nig/Auy, ] [ Screen-printing PbSn ]
or other dielectric or [ Electroless Ni/Au ]
FIGURE 10.11 Typical redistribution technology. (Courtesy of [ZM Berlin)
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ALUMINUM DIE
Wi REsBOND ATTACH

DIE GROUND

VIA

COPPER
b

=] INSULATING
RESIN

U ALUMINUM
SUBSTRATE
FIGURE 3.16 Insulated metal substrate
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T T )
M N R N N %

Carrier

Solder Bump

4M-DRAM Resin

Bump

Figure 1.11 NEC’s 3-D stack-up chip scale package
(CSP) for memory devices.
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Lecture Summary

® Standard packages
® Encapsulation

® First level interconnect (chip to package):
® Wire-bond, TAB, flip-chip (C4)

® Second-level interconnect (package to board):

¢ PTH, SMT, PGA, BGA (C4/C5), etc
e MCMs, CSPs, WLP, etc

@ Electronics Packaging TKK 2009

Nanoelectronics
§ PackagingLao

Portland State

UNIVERSITY
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