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Transistor
utilization: 0.73

M1 jumpers for inter cell connections

Design Problems
¢ CLBs’ structure
e Routing fabrics
e Tool support
—Cell library development
—Placement and routing
—Logic synthesis

VCGA [7]

« 4 Block Logic Elements (BLE)
¢ 1VCC+2INVin each BLE

* VCC and INV

—Via-configurable base-cells with
series-parallel structures

—-VCC: P/G lines on M2

—Inverter array (INV): P/G lines on
M1

Our Standard Cell Like VCLB

Series-parallel structure
Major layout features
— Three diffusion strips for N and P transistors
* Three pairs of CMOS trans on the left
« Two pairs of transmission gate trans on the right
— Power/ground on M2 and located at top and
bottom
« Enabling cell and row abutments
« Easing power/ground distribution
— Jumpers on the left and right boundaries to
form more complicate logic functions with
multi-VCLBs
— Vias between M1 and M2 for customizing logic
function
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VCLB

Logic Packer

Pack two or more cells in a VCLB for
reducing cell area and improving the
transistor utilization

Input

— Circuit netlist from commercial logic synthesizer
Packing algorithm

— Model this problems as a graph matching
problem

Output
— Multiple function packed block (MFPB) netlist

CLB Design Issues

« Basic logic functions realized
by a CLB
* CLB composition capability
—Form more complex logic
functions using more than one
CLB
« Transistor utilization of coarse
grained CLBs

e Library development efforts

Forming power line
with programmable vias
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Layout of our VCLB
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Multiple Function Packed Block
MFPB: AND2_BUF

Placement Legalizer

Determine a legal position for each cell
such that the total displacement of all cells
from their original positions is minimized

— Legal position must be an integral multiple of
VCLB width

Input

— Result from a standard cell placer
Legalizing procedure

— Create a bipartite graph for each cell row

— Perform a minimum weight bipartite matching
for the cells in each row

Output
— Legalized placement

Program
vias

Existing VCLBs

* LUT-based [4]
— Implement k-input logic functions

— Be accompanied by flip-flops for designing sequential
circuits

* PLA structure [16]
— Implement two-level logic functions

— Be accompanied by flip flops for designing sequential
circuits

« Series-parallel layout structure [7]
— Via-configurable gate array (VCGA)
— Implement either combinational logic gates or flip-flops
— Designing via-configurable logic blocks for regular fabric

by Y. Ran and M. Marek-Sadowska from IEEE Trans. on
VLSI Systems 2006

Our work
 Via-programmable CLB (VCLB)

— Medium grained
— High composition capability
— A metal- or a via-programmable routing fabric
— Implementing combinational or sequential elements
— Multiple function packed block (MFPB)
— Placing P/G lines on M2
« Design flow
— Mostly use commercial standard cell design tools

— Only develop alogic packer and a placement
legalizer

2 to 1 Multiplexer

Transistors utilization_: 0.6
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After Legalization Experimental Results Post Routed

YZUL (YZU cell library)
— TSMC 180nm process
— 78um? for each VCLB area
~ 105 unpacked cells and 73 packed cells 1ITC99
~ Driving capability
+ Logic cell: 1X, 2X4X b17
+ Buffer: 1X up to 16X
+ Inverter: 1X up to 20X

— HSPCIE for Power and timing characterization

Two kinds of experiments

- YZUL
~ STDL (commercial standard cell library)
ISCAS and ITC99 benchmarks

— 1lcircuits
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