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Functionally Enhanced Device

High-K Metal Gate

Miniaturisation: IViore Voore

Tri-gate aka FInFET

Control gate

10nm
Source Gate

Vertically stacked

Enhanced
Functionality




Double-gate Silicon Nanowire FET

® Dynamic control on the polarity of the device
® Promising feature for future reconfigurable circuits

® Ambipolar logic circuits




Ambipolar Logic Circuits

® Circuits based on double gate ambipolar transistors with
controllable polarity (CNFET, SINW FET, Graphene, ...)

® Optimal for XOR and XNOR dominated circuits
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Motivation

XOR2 7?7

Fewer transistors for XOR operation
Every transistor has two gates to route




Physical Design Challenges

Arithmetic Reconfigurable Universal logic
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Design and
Architecture

® Can we use existing layout
techniques?

® Logic bricks for improved Yield

Manufacturing

CNFET SIiNWFET Graphene
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Layout Technique for DG-SINW FET

® Motivation

® Layout algorithm for XOR embedded Boolean functions
Sea-of-Tiles
Simulation Results

Conclusion




Symbolic layouts : Dumbell-stick diagrams

® Need for new symbolic layouts for ambipolar circuits
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Layout

technique for Unate logic functions

® Negative Unate functions: NAND, NOR, AOI, OAI

® Polarity gates are biased to either Vdd or Gnd

2-input NAND gate
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Only one polarity gate Dumbell-stick
for PUN and PDN diagram



Layout technique for Binate logic functions

Complex routing

XOR gate
CMOS style ‘

Novel
approach




Complex gates with embedded XOR/XNOR

F1 = (A+B)(C®D)

Transistor grouping
Transistor pairing

Transistor ordering
Transistor chaining

group D : {3, {5}
group D : {t,, ,}

group Vdd : {t,, t5}
group Gnd : {t,, t,}

Dumbell-stick diagram




Layout Extraction

Transistor sizing + Layout generation
Dumbell-stick diagram
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Sea-of-Tiles
® Tiles as basic blocks
® Optimal Tile

® Power distribution for SoT
Simulation Results

Conclusion




Sea-of-Tiles (SoT




Layout regularity with Tiles

Two transistor pairs
grouped together

XOR2




Sea-of-Tiles (SoT)

® Gate to Tile mapping

| Gates | n1 | n2 | n3 | na | ns | n6 | G1G2| g1 | g2
Gnd Out Vdd Gnd Out vdd A A B’ B

Xor2

Xnor2 Gnd Out Vdd Gnd Out vdd A’ B B’
Nand2 Out Vdd Out Out - Gnd B Gnd Vvdd
Nor2  Vdd - Out Out Gnd Out B Gnd Vvdd
Inv2X Vdd Out Vdd Gnd Out Gnd A Gnd Vvdd
Buf O1 vdd 02 02 Gnd O1 Gnd  Vdd




Various logic Tiles as basic building blocks

® What is the Optimal Tile?
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Design flow for determining the Optimal Tile

Benchmark

Generate Circuits
Tiles

Syn%PSyS _PeSign Synﬁﬁgg;ga(;nto
ompiler Sea-of-Tiles

TECHNOLOGY MAPPING




Design flow for determining the Optimal Tile

Benchmark

Generate Circuits
Tiles

: Physical
Syn%pos%%illi)e?&gn Synthesis onto
Sea-of-Tiles
TECHNOLOGY MAPPING

Tilec1 Tilec: Tileginz i TI | s E # 1 TI IeG2 #2
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Result: Impact on Area

Area across various benchmarks
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® Tileg, and Tilegq,, Optimal for mapping logic gates, with respect
to reduced routing complexity thereby reducing in the overall
active area




Sea-of-Tiles Power Distribution...
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Source: S. Bobba et al, NANOARCH’12




Sea-of-Tiles Power Distribution
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Simulation Results
® Arithmetic Circuits

® Circuit level Benchmarking

Conclusion




Case study: Arithmetic Circuits

FinFET | DOSINW (@) | gicmos Ambipolar Logic | CMOS logic
(ns) | cG->out | PG->Out (ns) Area | Delay | Area | Delay

INV 0.056 0.043 X 0.139 XOR2 8 1 12 1

Half adder 12 1 16
0.062 0.072 X 0.172 Full adder 14 119 13
0.198 0.079 0.11 0.38 5-3 Compressor 38 3 64

Logic Gates (FO4 delay) Arithmetic Cell Library

Logic gates Gate

22%
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Control gate
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Case study: Arithmetic Circuits

FinFET | DOSINW (@) | gicmos Ambipolar Logic | CMOS logic

(ns) | cG->out | PG->Out (ns) Area | Delay | Area | Delay
INV 0.056 0.043 X 0.139 XOR2 8 1 12 1

0.066 0.05 X 0.148 XOR3 10 1.19 24
Half adder 12 1 16
0.062 0.072 X 0.172 Full adder 12 119 8
0.198 0.079 0.11 0.38 5-3 Compressor 38 3 64

Logic gates Gate

Logic Gates Arithmetic Cell Library

| |
(31, 5) Parallel counter F 63.8%

Wallace tree (54 x 54 multiplier) [ 61.8%

(11, 2)-reduction tree (16 x 16 MAC) [ s 57.6%

(29, 3)-compressor ? (

‘ Delay ‘ 16-bit carry-select adder 71.7%

5-bit ripple-carry adder %

2.8x improvement




Circuit Level Benchmarking

Ben_chmark
Generate TCAD-based Circuits

Tiles table model
. Physical
Syn%psys _I|3e3|gn Synthgsis onto Delay
omprier Sea-of-Tiles

TECHNOLOGY MAPPING . Leakage

“ CMOS “ DG-SINWFET_X2
DG-SiNWFET_X4 “ DG-SiINWFET_X6

1.8x improvement

“ CMOS —

“ DG-SINWFET_X2
DG-SINWFET_X4

“ DG-SINWFET_X6

N
8
o
o

16x improvement

Critical path delay (ns)
Leakage power (nW)

Aes Eth-top Mc-top  Pci-bridge Whconmax Wb-dma Aes Eth-top  Mc-top Pci-bridge Whconmax Wh-dma
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Conclusion

® Proposed a novel layout methodology and algorithm
for Boolean functions with embedded XOR

® Showed an efficient implementation of Ambipolar
circuits with Sea-of-Tiles design methodology

+*Area optimal tiles Tile~, and Tile
G2 G1h2

® Circuit Level Benchmarking
“*Maximum improvement for Arithmetic circuits (2.8x)

“*Reduction in Leakage power (16x)
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