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MPC setup and targets

3D model and sheme of a discharge setup Diagram of impact on samples Target photos  



Optical scheme of universal diagnostic installation 

1 - laser 532 nm, 2 - laser beam reflective expander, 3 - vacuum camera, 4 
– photo camera VS-285C, 5 - wedge°6 - screen and place of installation of 
film, 7 - 10 - mirrors, 11 - 19 - lenses, 20 - neutral protective filter, 21 -
filter interference 532 nm, 22 - screen, 23 - diaphragm 1.2 mm, 24 -
photodiode FDUK 2UT, 25 - neutral filter



MPC discharge and its VUV irradiation fluence on target

Interferograms of vapors and MPC 
discharge at UC = 20 kV and t= 10 

μs on VRP-M film with 1300
lines/mm

Direct integral photos of
the discharge in argon at

P = 200 Torr and Uc = 20 
kV

Process toeplergram 
and current signal 

MPC current signal and 
light signal with laser 

flashing pik.

Interferogram of the copper-patterned 
subsurface layer. Discharge characteristics: Uc
= 20 kV, registration time 10 μs, buffer gas is 
argon (P = 200 Torr). The arrow shows the 
direction of discharge.

Types of disturbances of the environment in the field of VUV radiation: 1 -
diffusion and acoustic wave; 2 - a simple wave as the second type of 
perturbation; 3 - the third type of perturbations in the form of a shock wave.



MPC Irradiation distribution
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Dinamically compressed gas consumption energy calculation

ESCG

PCB 

Interferograms of PTFE vapors in Ne (P=400 Torr) UC = 20 kV and t= 10 μs

РNe 0= 400 Torr (0.52×105 Pa). ρ0=0.9 kg/m3. 

РУВ 50=1.84 ·105 Pa

(ρ+Δρ)/ρ ~ 2 ЕNe уд=1.95 J/kg = 1.95×102 J/gr

mNe=S×hNe×(ρ+Δρ)=1 см2 × 0.5 cm × 0.9×10-3 g/cm3 =0,45×10-3 г/см2

ЕNe summ= ЕNe уд× mNe =0.088 J/cm2

РУВ 20=1.14 105 Pa



Notes for plasma parameters determination by interferograms

The AB section is the path of the interference line (IL) in the background 
gas. 
The BC section is a density jump at the front of shock wave (SW). 
The CD segment in this example has almost no slope, which means that here 
the density (and pressure) does not change in height. 
The DE section is the contact boundary (CB). This is where the environment 
changes: the neon compressed at SW is replaced with target vapors 
(plasma). 
The EFGH curve shows the changes in the refractive index (n-1) in the 
vapor-plasma mixture and reflects the complex dependence of the plasma 
thermodynamic parameters on the height above the target. 
The dotted line shows the course of the IL (passing through point B) in a 
vacuum
So, for IL 20, the absolute refractive index (n-1) will be calculated from line 
VV*, and the refractive index minimum will be at the point F.
In this example: 

dkmin F = –0.4, 
(n – 1)min =(Δk×λ)/l



Distribution of thermodynamic parameters in the target plasma by height.

Н=kТ/(m g)

Formula for calculating of the homogeneous atmosphere height:

k = 1.38 10-23 (J/deg) is the Boltzmann's constant;
T = 104 K – vapor temperature;
m=mp μ = 1.7 10-27 (кг) × (100/6) is the average mass of a vapor atom;
g = 2 h/t2 = (2×5 10-3)/(5 10-6)2 – the average acceleration at which steam moves. 
We assume that the vapour moving equidistant and the CB has risen to a height of h=5 mm by 5 μs. At the same 
time, the distance to a homogeneous atmosphere is 1 cm.
Thus, the pressure drop in the vapor layer is no more than 2.



Distribution of thermodynamic parameters in the target plasma by height on the P-T diagram.

Lines of equal concentration (density)

Lines of equal 
refractive index
Lines of equal 

refractive index

Equal concentration (density) and equal refractive index lines in T-p coordinates.
The possible course of parameter change for the EFG section of IL is shown by the EFG curve. In this section, the 

vapor temperature varies from (11.0 – 13.0 – 7.5) KK, and the atoms concentration from 0.9 to 1.5•1018 cm-3.

Lane 20 consideration

РCB 20 = 1.15·105 Pa

(n – 1) = +1.3

(n – 1) = –0.4 

Р = 2·105 Pa

(n – 1) = +2.3



Determination of the radiation flow falling on the target.

For the area near the MPC (band #50), we get the same result:
Р = (1.8 – 3.0)·105 Pa, 
Т = (12.0 – 13.5) Кк, 
N = (0.6 – 1.5)·1018 сm–3. 
H = 2.5·107 J/kg (from tables). 
Knowing the height of the vapors above the target (h=4 mm) 
and their density (p=5 × 10-2 kg/m3), we determine the vapors  
mass per unit area, m=2·10-8 kg/cm2

Then the energy in vapour per unit area: E=5.0 J/cm2.
To this you need to add the energy cost of the phase transition 
(Еpht=0.034 J/cm2) and the energy in the shock-compressed
background gas (ЕNe full 50 =0.09 J/cm2). 

We see that all the energy is in the vapor-plasma mixture. 



To 10 μs from the beginning of the discharge, energy of  ~5 J/cm2 enters the 
near to MPC edge of the target. 
If we assume that the luminous flux increases linearly over 8 μs, then the 
maximum power is about 1.0-1.5 MW/cm2.
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