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Ⅰ. Picosecond Laser 



PICOSECOND 

One Trillionth of a second 

(0.000000000001 sec) 

1000 times shorter than 

nanoseconds 

PICOSECOND LASER Laser Tissue Interaction 

A laser emission within 

picoseconds; 10 times  

shorter than Q-switched lasers 

More photoacoustic effects  

with Less photothermal effects  

01 Picosecond Laser 
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02 Pulse duration and Peak Power  

• Under the same energy condition, shorter the pulse duration, higher the peak power. 

• Higher the peak power, increase photoacoustic effect. 

• Picosecond laser is more excellent for tattoo removal / pigmentation treatment than Nanosecond 

laser. 



03 SRT 

Stress Relaxation Time  

• Pre - time that laser energy(shock waves) limited 

in the target spread to the surrounding tissue.  

• Pre-time to photoacoustic effect delivered to the 

target change into the photothermal effect 

Anderson, R. R & Parrish J. A. (1983). Selective Photothermolysis: Precise Microsurgery by Selective Absorption of Pulsed Radiation. Science, New 
Series, 220(4956): 524-527. 

Thermal Relaxation Time  

• Pre - time that laser energy (photothermal effect) 

limited in the target spread to the surrounding 

tissue. 

• Time to laser energy is absorbed into the target 

and temperature of target reduces from top to 1/2 



03 SRT (Cont.) 

Strauss, M., et al. (1997). Computational modeling of stress transient and bubble evolution in short-pulse laser irradiated melanosome particles. Proc. SPIE 2975, Laser-Tissue Interaction VIII, doi: 
10.1117/12.275491; https://doi.org/10.1117/12.275491  

Ho, d. D. –M., et al. (2002). Laser-Tattoo Removal-A Study of the Mechanism and the Optimal Treatment Strategy via Computer Simulations. Lasers in Surgery and Medicine, 30:389-397. 
Ross, CDR. E., et al. (1998). Comparison of Responses of Tattoos to Picosecond and Nanosecond Q-Switched Neodymium: YAG Lasers. Archives of Dermatology, 134, 167-171. 

• The Size of Tattoo Particle : 500nm 

• TRT : 1000ps 

• SRT : 100ps 

• The Size of Melanin : 15nm 

• TRT : 400ps 

• SRT : 10ps 

 

• The Size of Melanosome : 0.5um (=500nm) 

• TRT : 500ns 

• SRT : 300ps 

Pigments Tattoos 



Laser Type Q/Switched Laser Picosecond Laser 

Consideration TRT (Thermal Relaxation Time) SRT (Stress Relaxation Time) 

Laser Tissue 

interactions  

Rapid heating -> expanding the particles ->  

thermal stress -> fracture of particle 

Photoacoustic stress -> shock waves -> 

fracture of particle 

04 Mechanisms  

shockwaves 

fragments 



04 Mechanisms (Cont.) 

Picosecond lasers deliver more photoacoustic effects to pigment particles,  

resulting in fast and better results in tattoo removal and pigmentation treatment  

by fragmenting pigment particles into smaller sizes that can be more easily removed by lymphatic system. 

Untreated Pigment / Ink Q-Switched Laser Picosecond Laser 

| Rocks | | Pebbles | | Sand | 



04 Mechanisms (Cont.) 

With more photomechanical effects, Better efficacy of treatment 

With less photothermal effects, Less collateral damage 

|  Q-Switched Laser  | |  Picosecond Laser  | 



05 Comparisons with Nano and Pico 

Laser Type Q/Switched Laser Picosecond Laser 

Pulse duration 
One Billionth of a second  

=0.000000001 sec = 10     sec 

One Trillionth of a second  

= 0.000000000001 sec = 10      sec 

Actual Pulse duration  5-10ns 450-750ps 

Peak power High Higher 

Mechanism  Photoacoustic + photothermal Photoacoustic 

Consideration TRT (Thermal Relaxation Time) SRT (Stress Relaxation Time) 

Collateral damage ↑ ↓ 

No. of Tx  ↑ ↓ 

-9 

General Differences 

-12    



06 Comparisons with Nano and Pico 

Q-Switched Lasers Picosecond Lasers 

Pigments 
Treatment 

No. of Tx 5-10 sessions 3-5 sessions 

Efficacy Good 
Better 

Effective in recalcitrant 
pigments 

Side effects  
Hypopigmentation or 
Hyperpigmentation 

Less 

Laser Toning 

No. of Tx 5-10 sessions 3-5 sessions 

Efficacy Good Better 

Side effects Hypopigmentation Less 

Tattoo 
Removal 

No. of Tx 5-10 sessions 3-5 sessions  

Efficacy Good Better  

Side effects 
Scarring, textural change, 

hypopigmentation, 
hyperpigmentation 

Less 

Clinical Differences 



 

07 Features of Picosecond laser 

• Picosecond lasers treat lesions with 1/3 to 1/2 of the energy used in nanosecond lasers.  

• Picosecond lasers break down tattoo/pigment particles into smaller sizes that easily remove them 

through the lymphatic system. 

 

 

 

 

 

 

 

 

• Picosecond lasers can more effectively eliminate difficult colors than nanosecond lasers.  

 

 

• Picosecond lasers have more photoacoustic effects  

     and less photothermal effects, compared to nano- 

     second lasers. Therefore, the risk of collateral damages 

     to surrounding tissues is less.  

 

 

Nanosecond laser Picosecond laser 



4.25 tx 

80% clearance by 6.5 tx 75% clearance by 2-4 tx 

75% clearance by 1-2 tx 



Ⅱ. Applications of 
Picosecond Lasers 



01 Wavelengths 

532nm 1064nm 755nm 

Melanin 650 65 200 

Hemoglobin 260 4 4 

gap 2.5X 16X 50X 

532nm 

• Melanin absorbance+++ 

• Absorbance gap between Melanin and 

HbO2 -- 

• Penetrate to the epidermal layer 

• 1064nm 

• Melanin  absorbance +++ 

• Absorbance gap between Melanin and 

HbO2 -- 

• Penetrate to the epidermal layer. 

 

• 755nm 

• Melanin  absorbance ++ 

• Absorbance gap between Melanin and 

HbO2 ++ 

• Penetrate to the upper part of epidermal 

layer 

 

 



02 532nm vs 755nm vs 1064nm 

Pico 532nm Pico 1064nm Pico 755nm 

• Fitzpatrick Skin types Ⅰ-Ⅲ 

• Epidermal pigmentation 

(Seb.K, lentigo, freckle) 

• Recalcitrant pigmentation 

(Café-Au-Lait, Becker’s 

Nevus) 

• Fitzpatrick Skin types Ⅳ-Ⅵ 

• Epidermal and Dermal 

Pigmentation (Ota Nevus) 

• Recalcitrant pigmentation 

(Becker’s Nevus) 

• Brightening (toning) 

• Fitzpatrick Skin types Ⅲ-Ⅳ 

• Epidermal and dermal 

pigmentation  

• Recalcitrant pigmentation 

      (Café-Au-Lait, Becker’s Nevus) 

• Brightening (toning) 

Pigmentation Treatment  



03 532nm vs 755nm vs 1064nm 

Tattoo Removal 

Choudhary, S., et al. (2010). Lasers for tattoo removal: a review. Lasers in Medical Science, 25:619-627.  
Kirby, W., et al. (2013). Causes and Recommendations for Unanticipated Ink Retention Following Tattoo Removal Treatment. 

Clinical Aesthetic Dermatology, 6(7), 27-31. 

Dark 
Brown 

Light 
Brown 

Red Orange Yellow Green Blue Purple Black 
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Ⅲ. LIOB  
(Laser Induced Optical Breakdown) 



Plasma Induced Ablation 

“Non-Linear Absorption” 

01 Laser Induced Optical Breakdown 

Oraevsky, A. A., et al. (1996). Plasma mediated ablation of biological tissues with nanosecond-to-Femtosecond Laser Pulses: Relative Role of Linear 
and Nonlinear Absroption. IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS, 2(4), 801-809. 

+ Ultra-Short 

Pulse 
= 

Laser Induced 

Optical 

Breakdown 

Higher 

Energy 

Intensity  



02 LIOB process  

Higher Power 

Density  

Multiphoton 

ionization 
Cascade Avalanche Plasma formation Plasma expansion  

Shock waves 

formation 

Cavitation bubbles 

formation 

Cavitation bubbles 

collapse 
Tissue damaged 

Inflammatory 

process initiated  

4 

① ② 

③ ④ 

① ② ③ ④ 



03 Plasma  

• Energy density 10          W/cm 

• Free electron density : 10        cm 

Conditions Consequence 

• Multiphoton ionization  

• Cascade avalanche 19~21 -3 

10~11 2 

“The fourth state of matter plasma” 

At the high temperature, material turns  to solid -> liquid -

>gas, in this state, when the high energy  is given cations and  

electrons change into plasma. 

Oraevsky, A. A., et al. (1996). Plasma mediated ablation of biological tissues with nanosecond-to-Femtosecond Laser Pulses: Relative Role of Linear 
and Nonlinear Absroption. IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS, 2(4), 801-809. 



   Shock waves 

= Stress waves 

= Stress pressures 

LASER 

04 Shock waves 

 

 

“Laser-induced stress waves can be generated by one 

of the following mechanisms : optical breakdown, 

ablation, or rapid heating of an absorbing medium” 
Doukas, A. G. & Flotte, T. J. (1996). Physical characteristics and biological effects of 

laser-induced stress waves. The World Federation for Ultrasound in Medicine and 

Biology, 22(2), 151-164. 

 

“High power pulsed laser (above 1GW/cm²) interacts 

with matter to produce very high amplitude pressures.” 
Boustie, M., et al. (2008).  Laser Shock Waves: Fundamentals and Applications. Laser 

Ultrasonics, doi: https://www.ndt.net/article/laser-

ut2008/papers/Boustie%20LU2008.pdf. 

 

“Molecular reorientation and vibrational motion in the 

liquid“ 
Nesterova, E. V & Alekasandrov, I. V. (1985). Envelope shock waves on picosecond 

light pulses in isotropic liquid. Sov. Phys, JETP, 61(1), 55-61. 

 



05 LIOB with Current Picosecond Lasers 

• Current Picosecond Laser : Subnanoseconds  

• Mechanism = Absorption + Ionization 



Ⅳ. Fractional Handpiece 



01 Types of Fractional Handpieces 

Types 
MLA 

MicroLens Array 
HOE 

Holographic Optical Elements 

Mechanisms 

 
 
 
 
 
 
 
 
 
 

Explanation 

A structure in which several dependent micro 

lens converge energy in lens. 

 

Energy density increase because energy is 

concentrated  on each microlens  

One laser beam is divided into several laser 

beam and increase the energy intensity by 

adding the lens that converges the light to 

reinforce  the weakened output. 

  

Energy Intensity 
Equal intensity in every fractionated beam 

sufficient for creating LIOB 

Center; higher intensity 

Peripheral; lower intensity 

Difficult for creating LIOB 

Practical aspect 
considering 

beam quality 

When treating large area, overlap of 

spots induce natural pattern   
Overlap of spot induce over-treated zone 

Products 

PICOCARE’s HEXA MLA, Enlighten’s NIFLS, 

Picosure’ FOCUS lens array, Lutronic’s Focused 

dots 

Picoway’s Resolve 



02 HEXA MLA vs Resolve 

PICOCARE _ HEXA MLA S Company’s HOE 

Spot Size 3-5, 6-10mm 6x6 mm fixed 

Shape of the 
beam 

Round shape  
Useful in acne scar treatment  

Square shape  

Energy 
Intensity 

Higher energy intensity  
Effective in both scar treatment and 

skin rejuvenation  

Limited energy intensity  
Effective in both scar treatment and 

skin rejuvenation  

Shape of the 
beam  

Gaussian mode  
Flat-top mode 

Thermal damage if overlapping  

1064nm 
6x6 

532mm 



PICOCARE _ HEXA MLA C Company’s MLA 

Spot Size 3-5, 6-10mm 6, 8, 10mm 

Fluence 
Adjustable 

Customizing treatments  
Fixed 

Replacement  Auto-spot size system  
Replace parts  

to use different spot sizes 

03 HEXA MLA vs Focus 

PICOWON _ MLA C company’s MLA 



Ⅴ. Applications of LIOB 



01 Histology of 532nm, 1064nm, 755nm 

532nm 1064nm 755nm 

Cavitation 
bubbles 

Epidermis 

Many small bubbles 
Epidermis or Dermis Epidermis (mostly) or Dermis 

Change 
Small bubbles in papillary 

dermis in high fluence 

Large bubbles in epidermis in 

high fluence 
Not known 

 
 
 
 
 

Histology 
 
 
 
 

Application 

Fitzpatrick Skin types Ⅰ-Ⅲ 

Epidermal pigmentation  

Recalcitrant pigmentation 

(Café-Au-Lait, Becker’s Nevus) 

Fitzpatrick Skin types Ⅳ-Ⅵ 

Epidermal and Dermal 

Pigmentation 

Recalcitrant pigmentation 

(Becker’s Nevus, CMN) 

Scars  

Skin rejuvenation  

Fitzpatrick Skin types Ⅲ-Ⅵ 

Epidermal pigmentation  

Skin rejuvenation  

 

PICOCARE _ HEXA MLA 
by Kangbuk Samsung Hospital 

PICOCARE _ HEXA MLA 
by Kangbuk Samsung Hospital 

PICOSURE _ FOCUS lens 



02 Clinical Study of 532nm, 1064nm, 755nm 



02 Clinical Study of 532nm, 1064nm, 755nm 

532nm 1064nm 755nm 

Product 450ps, HOE 450ps, HOE 700ps, MLA 

Tissue 
damage 

Epidermal vacuoles 
The more Energy, melanin 

increase,  
the more the number and the 

size of vacuoles increase. 

Dermal vacuoules 
The more Melanin 

increase, the more the 
number and the size of 

vacoules increase. 

Epidermal vacuoules 
with higher fluence  

Vascular 
damage 

Superficial dermal hemorrhage 
The more melanin decreases, 

the more severe. 

Dermal hemorrhage 
The more melanin 

decreases, the more 
severe.  

Rare hemorrhage  
The more Melanin 

decreases , the more 
less. 

Erythema 
after lasing 

++ +++ + 

Histology; 755nm 



02 Clinical Study of 532nm, 1064nm, 755nm 

Histology ; 532nm Histology ; 1064nm 
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