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eI plication Specific Integrated Circuit

frated Circuit (IC) designed to perform a specific

lon for a specific application

posed to a standard, general purpose off-the-shelf part
h as a commercial microprocessor or a 7400 series IC

bguivalent - a unit of size measurement
esponding to a 4 transistor gate equivalent (e.g. a
put NOR gate)

Is of integration:

S| - Small scale integration

Sl - Medium scale integration

Sl - Large scale integration

LSI - Very large scale integration
SLI - Ultra large scale integration




An Integrated Circuit
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Figure 1.1 A packaged Integrated Circuit (IC)
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andard-Cell-Based ASICs
ate-Array—Based ASICs

Channeled Gate Array

Channelless Gate Array
Structured Gate Array
Programmable Logic Devices

Field-Programmable Gate Arrays




Full-Custom ASICs
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Sl |ayers are customized in a full-custom ASIC
ally, the designer lays out all cells by hand

automatic placement and routing may be done

al (timing) paths are usually laid out completely by hand

stom design offers the highest performance and
est part cost (smallest die size) for a given design

disadvantages of full-custom design include
reased design time, complexity, design expense,
d highest risk

roprocessors (strategic silicon) were exclusively full-
ustom, but designers are increasingly turning to
emicustom ASIC techniques in this area as well
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standard-cell

Ins , full-custom blocks area
el macros( SLMs ),
, cores , or Functional
Blocks ( FSBs) _ é
fixed
layers are customized - blocks
rs and interconnect
dmated buffer sizing, placement
routing |
blocks can be embedded gooozr:?m
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Ifacturing lead time is about
weeks.

Figure 1.2 A cell-based ASIC (CBIC)




Standard Cell Layout
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Figure 1.3 Layout of a standard cell
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tandard Cell ASIC Routing

' standard cells forms a flexible block
Centurion _
BNIEREIAZ2MRY be used in a feedthrough cell to cross over cell rows that use
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Ing cells: spacer cells , row-end cells , and power cells

_ e})((pandefd]c view
[ 1 [N of partof flexible o .
connection
block 1 connection metal2
= to power to power
2501 pads metal1 pads
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row-end
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Figure 1.4 Routing the CBIC




Gate-Array-Based ASICs
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VRRIENE-aray-based ASIC, the transistors are
ned on the silicon wafer

defined pattern of transistors is called the base

allest element that is replicated to make the
e array Is called the base or primitive cell

top level interconnect between the transistors Is
fined by the designer in custom masks - Masked
ate Array (MGA)

sign is performed by connecting predesigned and
haracterized logic cells from a library (macros)

validation. automatic placement and routing are



Gate-Array-Based ASICs
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terconnect uses predefined spaces
een rows of base cells

ufacturing lead time is between two
’s and two weeks

base cell
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Figure 1.5 Channel gate-array die
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nelless Gate Array

There are no predefined areas set aside
for routing - routing is over the top of the
gate-array devices

Achievable logic density is higher than
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Figure 1.6 Sea-Of-Gates (SOG) array die
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bm blocks (the same for each
gn) can be embedded

hese can be complete blocks such as a
processor or memaory array, or

An array of different base cells better
suited to implementing a specific function
anufacturing lead time is between two
flays and two weeks.

te-Array-Based ASICs (cont.)

(not all
shown)
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Figure 1.7 Gate array die with embedded bloc
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Figure 1.10 ASIC design flow
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ASIC Fixed Costs

C gl FPGA MGA CBIC
Uenturl 2 Training $800 $2,000 $2,000
NIVERSI
Shaping Lives... Days 2 5 5
Hmporerie Conon; Cost/day $400 $400 $400
Hardware $10,000 $10,000 $10,000
Software $1,000 $20,000 $40,000
Design: $8,000 $20,000 $20,000
Size (gates) 10,000 10,000 10,000
Gates/day 500 200 200
Days 20 50 50
Cost/day $400 $400 $400
Designfor test: $2,000 $2,000
Days 5 5
Cost/day $400 $400
NRE: $30,000 $70,000
Masks $10,000 $50,000
Simulation $10,000 $10,000
Test program $10,000 $10,000
Second source; $2,000 $2,000 $2,000
Days 5 5 5
Cost/day $400 $400 $400
Totalfixed costs $21,800 $86,000 $146,000

Figure 1.12 Fixed costs analysis




ASIC Library Development
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eeompletc ASIC library (suitable for commercial use)
clude the following for each cell and macro:

Sical layout

avioral model

DL or Verilog model
etailed timing model
est strategy

circuit schematic

A cell icon (symbol)

A wire-load model

A routing model




