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Levels of abstraction in IC design

A quick tour of logic level design automation
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Taxonomy of Integrated Circuits

By scope of use Cs
o Application
Application Specific
Specific IC Standard
(ASIC) Product (ASSP)

Designed for Re-used across
one end system  mytiple similar end-

E.g., Chips used in systems
Digital Cameras,
Printers, Gaming
Consoles

Sony BIONZ image processor

E.g., Mobile phone
application
processors

S Y -

Significant Improvements

snapdragon  [elelfs=I1[gle

AWB DRO  Colour

Qualcomm ncreasing |

Domain
Specific
Product
Designed
for an
application
domain
E.g., DSPs,

Network

processors,
GPUs, TPUs

General
Purpose

Usable across a
wide range of
end-systems
and applications

E.g.,
Microprocessors,




Taxonomy of Integrated Circuits

By degree of customization during design
ICs

)

Semi-custom

Full-custom /\

Cell-based Array-based

N\ T~

Standard Macro Mask Field
Cell Cell programmable programmable

< |
* More scope for customization (optimization)
» Increasing design complexity & design cost
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Full-Custom D

 Very high level of
customization down to
layout (high efficiency

 High design effort

* Not feasible for complex
e.g., Billion-transistor)
ICs

Intel 4004




Cell Based Design

Example: Nangate 15nm open cell library
based on FreePDK

Cell library contains pre- COMBINATIONALCELLS
. . Cell Name #In Boolean Function Drwe Strengths
designed and pre-characterized |37 o 3 Xt Xk X1t Xl
. . AND2 2 O=Ax%B X1 and X2
AND3 3 O=AxBxC X1 and X2
Clrcu]‘t blOCkS (e'g" gates’ AND4 4 [O=A*B*Cx*D X1 aEd X2
. OR2 2 O=A+B X1 and X2
latches, flip-flops, I/O buffers) O s [0=A+B7C XTond X2
OR4 4 O=A+B+C+D X1 and X2
. . NAND2 2_|[O=I(A+B) X1 and X2
Circuits constructed by N o=p o e
. . . . NOR2 2 O=!(A+ B) X1 and X2
NOR3 3 O=/(A+B+C) X1 and X2
instantiating and connecting NOR3 s fosluspeg XL and X2
. MUX2 3 O = Ax!Sel + B * Sel X1
XOR2 2 O=A®B X1
cells from library XOR2_ s [o=tsb X1
. . . AOI21 3 [O=(A+B)+0) X1 and X2
— Design rules ensure that circuits Ao12 [0=1(A+5)+ T3 D) X and X2
K =l + * an
1 1 OAT22 1 [[O=I((A+B)*(C + D)) X1 and X2
Wlll Work Once fabrlcated FA 3 S=A®&B&®Cin, Cout=A®B*Cin+ AxB || X1
HA 2 S=A®&B,Cout=A%B X1
L' b t : d 1 ff t SEQUENTIAL CELLS
1 raI ’ Con alns 1 eren Cell Name #In Description Drive Strengths
o DFFRNQ 3 D flip-flop with asynchronous !reset X1
DFFSNQ 3 D flip-flop with asynchronous !set X1
V]'eWS Of ea’Ch Cell SDFFRNQ 5 D ﬂigﬁoi with chn and as];nchronous Ireset X1
. . . SDFFSNQ 5 D.ﬂip—ﬂop with scan and asynchronous !set X1
(logical /transistor/physical) LiQ L T B
. . Cell Name #In Description Drive Strengths
- Tlmlng / power / area models to be CLKBUF 2 || Clock buffer XT, X2, X4, X8, X12 and X16
TBUF 2 Tri-state buffer X1, X2, X4, X8, X12 and X16
FILL - Filler cell X1, X2, X4, X8 and X16
used by EDA tOOIS CLKGATETST 3 Clock gate with test pin X1
ANTENNA - Antenna cell -
FILLTIE - C:Il :(:l tie the wells
TIEH - Tie-high cell
TIEL - Tio—loiv cell
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Cell Based Design
Feedthrough cell Logic cell

\ /

Standard cells must have the \ /
same height [ F

— Eases physical design L «

Routing

— Layout organized into rows of \

cells with routing channels in <
between them

. o, Macro cell
Macro cells do not have this (memory /

restriction data path)

Common to mix both macro \

cells (e.g., memories and
datapath components) with J
standard cells (random logic)

channel

Standard Cell

Macro Cell Layout

Layout
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32-bit ALU standard cell layout

Standard Cell Based Design




Mask-programmable Gate Array / Sea-of-gates

Sea of uncommitted gates

— An uncommitted cell or gate i.s formed by two or more N- 4 Uncommitted
channel and P-channel transistors Gate
A logic function is realized by customizing uncommitted polysificon
gates using additional interconnect Vu;//- "
Routing may be performed through dedicated channels or
over the gates (additional metal layers) - ossible
] ontac
0/ s,
DD DD DO O0DO0ODO@ - )
= ]
O O
m | Memory =1 sof -~ ~
o uncommitted Prog rammed
- - " cells (4-input NOR)
O Sea-of-Gates O
| | Inl In2 In3 In4
(|
Memo
: | S
O OO0 O0OO0OO0OOOOO routing
channel

Input/Output buffers




Field Programmable Gate Arrays (FPGAs)

FPGAs are integrated circuits that can be “programmed” after manufacturing

Consist of Configurable Logic Blocks (CLBs) and Programmable Interconnect

Configurable

LogiCB|OCk\E\DDDDDDDDDDDDDD E/
£— 4-input Output o 0
o Jlook-Up D Flip- ) 0 i 0
—— Table | Clock >Flop E H o
N 0
0 0
d = =
Interconnect « L . O
: . E =
Switch Matrix 0 0
E [" =
E m E
. O B
Q B m
o-F O o e e e e s e s
Segment

/O pad




Configurable Logic Block

CLB contains a lookup table (LUT) that stores truth table of logic function to be
implemented

More complex CLBs contain an LUT, arithmetic circuits, flip-flop(s), and

multiplexers
LuT Required function
abec |y y={a&b)lc
000 |0
001 |1 @
0100 N o
011 |1 &
1000 | <o b ) |
A . N R
110 (1

Full ] g
| 111 1 | 2—> AddOl _’E_.

' ’ 3—>»

>
E i 3-input I 4 >y ° Ftll i —
o wT mux e E—> Adder _.E_.
] of T N T— L

"l —

clock/enable — D .
A

setireset Stratix V Adaptive Logic Module (Source: Intel)




FGPA: Contemporary Architecture

e Modern FPGAs contain hardwired circuits for arithmetic, memory,
[/O, and even microprocessors

General-Purpose 1/0s (LVDS, Memory Interfaces)

General-Purpose 1/0s (LVDS, Memory Interfaces)

Core Logic Fabric

Variable-Precision

DSP Blocks

M20K Internal

Memory Blocks

Fractional PLLs

Embedded HardCopy Block:
PCI Express Gen3, Gen2, Gen1

Hard IP Per Transceiver:
3G/6G PCS, 10G Ethernet PCS,
Interlaken PCS

—— High-Speed
Serial Transceivers

Stratix V FPGA architecture (Source: Intel)




Question

Logic level design automation tools are used for
A. Standard Cell based designs
B. Macro cell based designs
C. Mask programmable gate arrays
D. Field programmable gate arrays

Answer: E. All of the above!




