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1. Introduction 

Higher electrical activation of heavily implanted Si, 

above the solid solubility limit, without significant dopant 

diffusion and residual crystalline damage is one of the 

key challenges in fabricating abrupt ultra-shallow junc-

tions (USJ) for high performance advanced devices [1]. 

Numerous dopant activation methods seek to maxi-

mize electrical activation of dopants without causing dif-

fusion. Some of these are: combinations of conventional 

“soak” and “spike” rapid thermal anneal (RTA), milli-

second flash lamp anneal, pulsed excimer laser anneal, 

solid phase epitaxy (SPE) at lower temperatures and epi-

taxial chemical vapor deposition (CVD) growth of highly 

doped layers to [1-6].  

In this study, a new dopant activation technique using 

pulsed focused-laser beam scanning is  proposed [7]. This 

approach has the advantage of allowing much greater 

control of the energy flow through controlling the laser 

pulse spot size, peak power, pulse width, rep rate and step 

size. In addition, a novel approach which can directly 

observe activation during the annealing process is dem-

onstrated. 

 

2. Experiment 

Low energy 11B+ and 49BF2
+ implanted n-type silicon 

wafers were electrically activated by pulsed focused-laser 

beam scanning at room temperature. Typical implant en-

ergies and doses are 
11

B
+
 0.5~1.0 keV, 1.0 ~ 2.0 x 10

15
 

cm-2 and 49BF2
+ 2.0~3.0 keV, 0.5~1.0 x 1015 cm-2. 

Pre-amorphization implantation (PAI: 
72

Ge
+
 5.0~30.0 

keV, 0.5~1.0 x 1015 cm-2) was done to approximately one 

half of the wafers. A schematic of the pulsed fo-

cused-laser beam annealing system is shown in Fig. 1. A 

diode pumped, continuous wave (CW) yttrium aluminium 

garnet (YAG) laser beam (1064 nm) was focused and 

optically modulated to deliver a high intensity, pulsed 

laser beam. The pulse width and repetition rate were var-

ied from 5 to 10 ns and from 20 to 40 kHz with a spot 

size on the order of tens of micrometers. The system is 

capable of varying the scanning area of the focused-laser 

beam without moving the wafer merely by controlling the 

galvanometric x- and y-axis mirrors. Pulsed laser peak 

power and scanning speed were varied over a wide range. 

Sheet resistance (Rs) of the implanted wafers was meas-

ured using a four point probe after annealing. The B 

depth profile was measured using secondary ion mass 

spectroscopy (SIMS). A new in situ  dopant activation 

monitoring technique was incorporated into the system to 

facilitate optimization of the annealing parameters. 

3. Results and Discussions 

The Rs values from the ultra-shallow 
11

B
+
 (1.0 keV, 

2.0 x 1015 cm-2) imp lanted wafers with or without 72Ge+ 

(5.0keV, 0.5 x 10
15

 cm
-2

) PAI after pulsed focused-laser 

beam annealing under various peak pulse power condi-

tions are summarized in Fig 2. As the peak pulse power is 

increased, effectively increasing the temperature of the 

implanted layer, higher dopant activation was initially 

observed. As the peak pulse power is  increased further, 

the Rs values start to decrease. The B SIMS depth pro-

files of B implanted wafers with or without Ge PAI are 

plotted in Fig. 3. The relative peak pulse power and Rs 

values are also shown with B profiles. All the wafers an-

nealed in this work show significant dopant diffusion. As 

the relative peak pulse power increases, the dopant diffu-

sion is deeper. For simp licity, only the experimental re-

sults from 11B+ (1.0 keV, 2.0 x 1015 cm-2) imp lanted wa-

fers, with or without Ge PAI, are described.  

The wafers with Ge PAI absorb photon energy more 

efficiently than the ones without Ge PAI. Thus, dopant 

activation occurs at much lower photon density irradia-

tion. This dopant activation trend is  consistent with our 

previous study on USJ implant anneal us ing the Xe arc 

lamp flash annealing method [4-5]. Whenever the Rs 

value increases with the increasing annealing temperature, 

the possibility of dopant deactivation is  often discussed. 

The increasing Rs values with higher annealing tempera-

ture (peak power ≥1.33 in Fig. 2) in this case is  due to the 

lowering of the average dopant concentration as seen in 

the SIMS profiles.  

The typical signature of dopant activation was moni-

tored electrically, in situ, by observing the vo ltage drop in 

a series voltage divider circuit during the pulsed fo-

cused-laser beam annealing. This is shown in Fig. 4. As 

dopants become electrically activated, the resistance (R2) 

and voltage (V2) across the probes drops. By monitoring 

the voltage drop, the degree of dopant activation can be 

monitored in situ.  

Annealing process optimization for USJ formation 

and the effect of laser wavelength on annealing charac-

teristics are being investigated.  

 

4. Summary 

A pulsed focused-laser beam annealing technique was 

proposed as an alternative dopant activation technique 

and preliminary process results are demonstrated. A 

method for in situ monitoring of dopant activation and its 

application are introduced.  
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Fig. 1 Schematic diagram of pulsed focused-laser beam 

annealing system with probe station for in situ dopant 
activation monitoring. 
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Fig. 2 Sheet resistance of B (1.0 keV, 2.0 x 10

15
 cm

-2
) implanted 

Si with or without Ge (5.0 keV, 5.0 x 10
14

 cm
-2

) PAI 
after annealing under various peak pulse power 

conditions.  
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Fig. 3 Typical Rs values and SIMS B depth profiles of 

as-implanted and wafers annealed under various 
conditions. (Top: B implantation only, Bottom: B 
implantation with Ge PAI) 
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Fig. 4 Typical signature of in situ  monitored dopant activation 

between probing pads during pulsed focused-laser beam 

annealing.  


