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LSA Logic Processes vs. Device Node  
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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.   

Dual Beam 

Ambient Control 
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Advanced Logic Device Scaling Trend 

ÅDevice structures approach atomic scales Ą precise process control more critical 
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*Synopsis: WMEDõ13 

 Example: Power Reduction (Vdd ČsVt ) 

Å Roadmap puts pressure on all processes to reduce critical device parameter variations 

Å MSA thermal anneal process variation must improve to advance the roadmap. 

òWith a goal to reduce close to 
50% of the supply voltage 
(Vdd<0.5-0.6V) relative to 
todayôs most advanced 
microprocessors in production, 
significant improvements 
of transistor short-channel 
electrostatics as well as 
performance are sought.ó 

Jan ô14 
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Within Die Uniformity & Parametric Yield 

Device A gets colder during anneal 

Device B gets hotter during anneal 

Pattern loading effects during millisecond annealing or RTP can cause device performance 

mismatch within the die Ą parametric yield loss and degraded circuit speed 
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Device Performance Mismatch! 

ÅVariations in pattern density lead to 

local variations in the absorbed 

radiation during RTP or millisecond 

anneal 

ÅThis can lead to local variations in peak 

temperature, and variations in 

performance of devices which are 

supposed to be matched. 

ÅE.g., SRAM cell inverters, Poly-

resistor matching for mixed-signal 

ÅThermal process uniformity within-die 

is critical.  
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LSA101/201 Overview 
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Key Attributes 



7 NCCAVS Junction Technology Group SEMICON West 2015 Meeting July 16, 2015 

Pattern Loading Effects in Millisecond Annealing:  

Equipment Solution (LSA) 

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

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

ÅIn response to roadmap trends for Ò10nm, Ultratech embarked 
on a project to improve the LSA process uniformity. 

ÅWe will report here on the results of this work. 

Å The project culminated in a combination of hardware/system 
design modifications/additions: 
ÅNew optics 

ÅFor profile shape control. 

ÅThree new optical components, replacing existing optics. 

ÅNew feedback control system 
ÅñEmission Profile Controlò, EPC  

ÅDynamic (in-process real time) control of process profile. 

Å These components are fully field-upgradable on the 
LSA101/201 family of laser annealing systems. 
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Interpreting Emission Profile Data 

Emission signal (E) captured by CMOS 

cameral is very sensitive to temperature (T).  
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Process Beam Stability 
Average emission profile Overlay of frame-by-frame 

emission profiles 

  

Temperature 

Control Metrology 

Filed of View 

Å Process beam is well-controlled by temperature feedback system at 
center 

Å Edges of beam have larger variation. 
Å Use of 50% overlap helps average this out. 

Å Goal:  Improve whole-beam stability 
Å Improved process uniformity 

Å Enable higher throughput operation (larger step) 
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Beam Stability:  

Cross-Stripe Correlation 

Å Analysis shows that opposite sides of profile are statistically 
ñanti correlatedò 
Å Variation on left and right are random, but not statistically 

independent. 

Å This realization led to ñEmission Profile Control (EPC)ò concept. 
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EPC Feedback System Performance 
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Die Scale Uniformity 

Å Beam variation in time/frequency domain translate to 
thermal process variation in distance/spatial-frequency on 
the wafer. 
ÅBased on stage speed. 

Å EPC system significantly improves within-die profile 
stability. 

 

Within Die Within Die 

 Frequency Spectra of Beam Stability (Slope)  
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Emission Profile Control:  Profile Stability  

 

28nm Process Control Limit 

ÅEmission Profile Control (EPC) improves process profile stability by >5x 

ÅEnables maintaining or improving Cpk with tighter process windows 
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ÅCompares profile to 

stored reference. 
 
ÅNumerical algorithm 

returns a number 
representing degree of 
match.  
 
ÅZero = perfect match 

(lower number is better) 
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Major System Events:   

Profile Stability With EPC 

ÅAlignment motor moved on 
purpose ð EPC corrects. 

ÅProfile recovery immediately 
after gas change ð EPC 
maitains profile during laser 
warm-up  

ÅLaser shutter closed, optics 
cooled, then opened. 
ÅEPC maintains profile as 

optics regain thermal 
equilibrium. 


