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Decreasing thermal budget and new materials leads to new applications for LSA,
and drives trend towards dual-beam and ambient control configurations.
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Device
Structure

Stacked Nanowire

New
Material

A Device structures approach atomic scales A precise process control more critical
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i HK MG FinFET evolution for the 7nm and 5nm CMOS technol-
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elmsigma nVt 50% of the supply voltage
(Vde0.50.6V) relative to
todayos most
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significant improvements
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The data is for the L, W,,, transistor

A Roadmap puts pressure on all processes to reduce critical device parameter variations
A MSA thermal anneal process variation must improve to advance the roadmap.
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Systemon-a-Chip
| A Variations in pattern density lead to
local variations in the absorbed
radiation during RTP or millisecond
anneal
A This can lead to local variations in peak
temperature, and variations in
performance of devices which are
supposed to be matched.
A E.g., SRAM cell inverters, Poly
resistor matching fonixedsignal

Device Ajets colder during anneal A Thermal process uniformity witloiie
Device B gets hotter during anneal iS critical.
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Device Performance Mismatch!

Pattern loading effects during millisecond annealing or RTP can cause device pef
mismatch within the dfg parametric yield loss and degraded circuit speed
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Pattern Loading Effects in Millisecond Ann
Equipment Solution (LSA)

Flash Anneal / Diode Laser

A Long| A Short |

A Brewsters Angle A Near normal

A No shadowing incidence
or light trapping A Can have light
by Fins trapping by Fins

Measured L= Measured
reflectance ML N | .. | reflectance
map | TR s map

DT ~ 16C

LSA provides an equipment solution for PLE in millisecond annealing
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Process Uniformity Improvements for LSA

A Existing LSA process uniformity has been sufficient through
the 14nm node.

Aln response to roadmap trends f
on a project to improve the LSA process uniformity.

A We will report here on the results of this work.

A The project culminated in a combination of hardware/system
design modifications/additions:
A New optics
A For profile shape control.
A Three new optical components, replacing existing optics.
A New feedback control system

AREmi ssion Profile Controlo, EPC
A Dynamic (in-process real time) control of process profile.

A These components are fully field-upgradable on the
LSA101/201 family of laser annealing systems.
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Interpreting Em|SS|on Proflle Data
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Average emission profile Overlay of frame-by-frame
emission profiles
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A Process beam is well-controlled by temperature feedback system at
center

A Edges of beam have larger variation.

A Use of 50% overlap helps average this out. DT _ 1 DE
A Goal: Improve whole-beam stability T

A Improved process uniformity

A Enable higher throughput operation (larger step)
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Beam Stability:
Cross-Stripe Correlation

Emission Profile (CMOS) Single Pixel Signal by Frame
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A Analysis shows that opposite sides of profile are statistically
Aanti correlatedo

A Variation on left and right are random, but not statistically
Independent.
A Thisrealization! ed t o AEmMi ssion Prof |
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EPC Feed back System Performance

EPC Error Signal Open Loop EPC Signal = InGaAtnGaAs EPC Error Signal Closed Loop

l EPC Error Signal (A12-AI1) InGaAs O O InGaAs EPC Error Signal (AI2-AI1)
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A Beam variation in time/frequency domain translate to
thermal process variation in distance/spatial-frequency on

the wafer.
A Based on stage speed.
A EPC system significantly improves within-die profile

stability.
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Emission Profile Control: Profile Stabi

Beam Profile Stability Wafer-to-Wafer

28nm Process Control Lingit

o EPC ON

Beam Profile Metric
(BPM)

A Compares profile to
stored reference.
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A Numerical algorithm
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A Zero = perfect match
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AEmission Profile Control (EPC) improves process profile stability b
AEnables maintaining or improv(gg with tighter process windows
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Major System Events:
Profile Stability With EPC

A Alignment motor moved or
purposed EPC corrects.

A Laser shutteclosed, optics
cooled, then opened.

A EPC maintains profile as
optics regain thermal
equilibrium.
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