Integrated Circuit Packaging

Packaging Provides:
-physical support and environmental protection

-connection from I/O pads to board

-heat dissipation
~delivery of power to chip

Package strongly effects.......

Cost
~some analyists forcast that packaging costs will soon

dominate total cost for both low and high end ICss

-a $300 IC with a $100 package not too unusual

Performance
-approxiately 60% of total system delay comes from the time

it takes for a signal to travel from one chip to another

~-By 2010 this will increase to 80% unless a breakthrough is
reached. (Hypertransport? 200-80Mhz, 1.2LVDS, differential)

~every 10 degC increase in temperature, switching delay for
CMOS gate increases by 2%

Reliability
-every 10 degC increase in junction temperature cuts the

lifetime of a device roughly in half.

-without a correctly designed i/o connection offchip, a
system may suffer failures from transmission line effects.
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A perfect package:
Speed
-short chip to chip delay
~-high bandwidth

Pin count and "wireability"
-large i/o count
-allows dense wiring on board

Size
-small

Noise
-high quality transmission lines
-low coupling between wires
-power distribution has low inductance to minimize SSO noise
-power distribution has low resistance

Thermal and Mechanical
-high heat removal rate
-~good match between thermal expansion coefficients of the
die and chip carrier, and between chip carrier and board.

Test, reliability and cos
-easy to test and fix
-easy to manufacture
-very reliable
-very low cost



A quick tour of packaging zoo

DIP (dual inline package)
-one of the orignal packages widely available
-pin count from 8 to 64, all on periphery
-through hole mounting limits board packing density
-position of power and ground usually poor
-other i/o can have significant L and C (20nH, 20pf)
. Shoew pkﬁf)
PGA (pin grid array)
-entire bottom surface covered with pins
~-parasitic L and C (10nH, 10pf)
-pin count 80-500
-cavity up or cavity down versions
-cavity down, better heat dissipation, fewer pins
-ceramic substrate usually used which gives bigger C
-thermal expansion of package does not match PCB well
-epoxy fiberglass PCB also used as substrate
-cheaper, and had thermal match to PCB
-worse match between die and PCB
-lower parasitic L. an C (10nH, 2pf)
-cannot dissipate as much power
< Show peg >
BGA (ball grid array)
~like PGA but uses solder balls and surface mounting
-easier access from board to pins
-parasitic L and C (5nH, 1pf)
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Thermal considerations in Packaging

Operation of circuits causes heat dissipation
-static (quiescent) power dissipation
ideally zero in CMOS
leakage current breaking this model in DSM
~dynamic power dissipation (AC)
increases with switching frequency

Major contributors are i/o drivers, clock drivers, core
-I/0: 50Mhz switching rate, 3.3V supply, 100 output buffers
driving 70pf load will dissipate 1W.
clock tree contributes about 40% of total dissipation

Heat must be removed efficiently as virtually all failure
mechanisms are enhanced by increased temperatures.

Typical tempeature ranges:
—commercial: range 0-70 degC, military: -55 to +125 degC
-this is a junction temperature
-junction temperature should be kept under 115 degC
85 degC: IBM
90 degC: Intel

High end device: 17mm x 17mm => 3.0 cm?

@ 30W dissipation, power flux = 10W/cm?
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AC Power Dissipation in CMOS

The energy, U switched in a capactior C, when it is charged from
J to V volts is:

U = 1/2CV?

The nature of RC circuits will cause stored engery to be ,
converted to heat every charge/discharge cycle. If the voltage
makes two transistions per clock cycle, the average power
dissipated is:

_ ey
P = CV'Fciock

A major drive for lower voltages is now clear. The squared
voltage term makes power dissipation strongly dependent on
voltage.

For example in lum CMOS,

5V core gates dissipate about 6uW/Mhz/gate
3V core gates dissipate about 2.2uW/Mhz/gate

The generic power dissipation equation for CMOS is:

P = 1/2£,V44°C ; where
f. = clock frequency
Vaq is power supply voltage
C is the capacitive load

This equation assumes:
-switching once every cycle (core is about 40%)
-neglects short circuit current
-DC current in special circuits
-leakage currents (40% of dissipation in 90nm @ 90 degC)

IBM G5 front side bus: 1Ghz, 1.5V GTL, 50pf load
64 data pins 3.6W
42 address pins 2.4W

6.0W (56mwW/pin)



