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Two Photon Absorption-Transient Current Technique (TPA-TCT) is a new
technique to characterize semiconductors detectors using a point-like laser
probe, so called “voxel”. A voxel can be scanned in the three coordinates,
thus obtaining true 3D spatial resolution.
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What is TCT?

Technique to characterize a material via the transport of excess carriers generated typically

using a laser beam.
E-field profile, space charge, charge collection efficiency, trapping.. can be reached.

Induced current
pulse is time
resolved, measured,
and analyzed.

Marcos Fernandez — VCI 2019, Feb 18-22 2019, Vienna 4



2

What is TCT? ZRD50 &N @i

Technique to characterize a material via the transport of excess carriers generated typically
using a laser beam.
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What is TCT? SO @ I

Technique to characterize a material via the transport of excess carriers generated typically
using a laser beam.

E-field profile, space charge, charge collection efficiency, trapping.. can be reached.
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What is TPA?

= TPA is a non-linear effect shown by any material when illuminated with a
high intensity source (for instance, a laser). For certain wavelengths, light
absorption (=signal) only happens at the focus of the beam. No photons are
absorbed “out of focus”. The more light is focused, the better “point-like” signal
generation volume.

» The physical phenomena exploited is the simultaneous absorption of 2
photons in the material

Optics: Zhenli Huang
Photography: Ciceron Yanez

Date: Oct. 25, 2006
University of Central Flonda
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Two Photon Absorption Absorption in Si
TPA: Conventionally, no excitation if Ephoton Egap~1 eV. 10° SPA » TPH
But, if TWO photons arrive in ~100 attoseconds: e 10
t
.g 10 3
= b
Egap/2 /\/\/\/\T . § 10° g -
—————————————————— Virtual state " g ol o Single Photon Abs.: j
S a~0 for 2>1150 nm E
B gap/2 W Tirmal ™~ E /2 —~=~(. lfS & 10" (Silicon) R
10" . AN S E R S I f—
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Two Photons (E>Egap/2) must be: Wavelength, nm
1) coincident in time (pulsed mode-locked fs-lasers) Band Ed
2) and in space (microfocusing) +
v v
Spot size 2
dN (r,z) = I(r,z) I"(r,z)
n e Measured using dt - K % w T '82 2% w
c::. ‘ knife edge / /
;.g' - ‘ technique. SPA TPA
?\ © 3301 UM  This is the 3D Single Photon Two Photon Absorption
) ' probe we scan Absorption Point-like resolution
= ‘ across the
R %100 objective ~ Vvolume of the Negligible A>1100 nm Boosted by using short
@ detector pulsed fs lasers, where
12>>| for the same
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TPA-TCT in UPV laser facility . sglker £

z Srtes Orokomak UPV EHU

= Tunable wavelength, energy for the sensor (after attenuation) [~pJ].
Then typical TCT readout: top/side injection, 3D system, current
amplifier and fast readout scope. Visible light Imaging system
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New CERN TPA-TCT o D @ 1

TPA-TCT presented at 2016 CERN EP-Knowledge Transfer innovation day
— It was selected for funding: Proposed Project on non-destructive QC of semiconductors

Status:

= The core of this system is a custom fibered laser working at 1.5 um. It is being
delivered this March 2019 after ~1 year development by Laser company.

= Rest of the system is based in our already existing SPA-TCT at CERN-SSD lab
(known as TCT+).

= Some key differences / improvements:

» Improved positioning system (6 degrees of freedom hexapod system)
« Optimal cooling and sample support. It can be rotated for edge-side injection

= German Doctoral Student (M.W., Gentner Program) responsible for construction of
this demonstrator.

= Upon completion of the project access to this laser via RD50 collaboration.
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https://kt.cern/kt-fund/projects/non-destructive-laser-application-quality-control-radiation-studies-semiconductor

New CERN(TPA TCT

Status as of
Feb 15th, 2019

SUETS-LINDGREN ™=

L

A

i

i e

Light injection
system

6 degrees of

Marcos Fernandez — VCI 2019, Feb 18-22 2019, Vienna

s \

CERN 186/R-G25 )

Laser routing,
microfocusing,

cooling, stage
system inside
Faraday Cage.

v
SPA-TCT Rt
g ir
- 5
| 4
; e

wl

freedom, high visible laser i '”“ '
load capacity imaging
motion system system, e~




In both illumination configurations,
the focus is fixed and the detector
is moved

Top-TPA: detector is scanned in
vertical — depth scan (10 pum resol.)

Rotating the detector by 90 degress,
we can, for instance, map the
depletion region with 1 um resolution:
edge-TPA

HVCMOS
on PCB
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TPA top injection Chiso () @ 1

» TPA: For simplicity, here moving the focus wrt the detector.
In real measurements, the detector moves.

= Assuming fully depleted detector
= Laser probe — Excess charge carriers — Induced Current — Showing

integrated current vs position

> Q(z)
> O -

—
Si
_ d

Carriers only Y

generated at the Note:dimensions

focus ~ exagerated
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TPA top injection
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Slope proportional to
probe length
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TPA top injection

Si
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TPA top injection

No light absorbed before/after the focus
A depth scan of the detector is done from the top!
Measurements not affected by side effects, guard rings...
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TPA edge injection

Si
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TPA edge injection

> O

>
X

Very sharp transition because of 1 um beam waist

Si
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TPA edge injection
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TPA edge injection
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TPA-TCT edge injection

]OQ
A

.
— X
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£
s
e
. ‘ _ Depth scan of the detector is done from the side
with the best resolution achievable in this method
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Edge-TPA: unirradiated HVCMOS N j

= HVCMOS is a partially depleted sensor, built on commercial
CMOS technology. ™y
Substrate of very low resistivity — very narrow depletion width R e I =

(~10 um at 100 V). Challenging detector for SPA-TCT = = = l&== E PR

Standard SPA-TCT TPA-TCT
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= Showing 2D map of the collection time of SUbStru Ctu res resolved

charge carriers (time lapse till 98% charge is collected).

Very sensitive to creation point of carriers. Wlth TPA-TCT

e .
B | F
@O

\IRD50 Marcos Fernandez — VCI 2019, Feb 18-22 2019, Vienna 13



Edge-TPA: unirradiated HVCMOS b
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TPA in irradiated diodes
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In TPA, the increase of linear absorption
can be subtracted exploiting the fact that it

Is Z-invariant

Solution:
1) place focus outside

Z

the detector —

measure a-induced signal: I(t,a)
2) Subtract I(t,a) (waveform-by-waveform)

to measurements with
detector
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TPA in irradiated HVYCMOS & i

Due to strong beam focusing/divergence,
the a-contribution can overflow the
depleted region:

P-substrate

.. L
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Diode-like correction method not
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Summary

» TPA-TCT is a new material characterization technique providing 1 um resolution in 2D
and up to 10 um along the beam direction — Optimal configuration for edge injection

» Physical phenomena exploited is the simultaneous absorption of two photons at the
focus of a fs-laser beam.

= Demonstrated performance on a low resistivity HYCMOS with 15 um depletion depth

* |ncrease of linear absorption with irradiation in Si (intrinsic to Si) reduces TPA contrast.
This smearing can be corrected either by moving the focus outside of the sample (diodes)
or by dual scan at different power (devices with very small depletion width).

= From the experience gained on the demonstrator system in Bilbao, we are building an
optimized setup for Silicon measurements at CERN. Laser delivery this next month.
Project funded by 2016 CERN Knowledge Transfer Program.

= All these activities have been carried out in the framework of CERN-RD50 collaboration

Marcos Fernandez — VCI 2019, Feb 18-22 2019, Vienna 19
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TPA -TCT extra information

1) NIMA Vol 845, 11 February 2017, Pages 69-71
https://doi.org/10.1016/j.nima.2016.05.070

2) Journal of Instrumentation, Volume 12, January 2017
http://iopscience.iop.org/article/10.1088/1748-0221/12/01/C01038

3) I. Vila, CERN Detector Seminar, 26" January 2018
https://indico.cern.ch/event/697958/

4) M. Fernandez, Seminaire de physique corpusculaire, University of Generva,

30" Nov 2016
http://dpnc.unige.ch/seminaire/talks/fernandez.pdf
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3D microfabrication: using focused ultrashort laser pulses on the volume of a
photoresist, the pulses initiate polymerization. After illumination of the structure and

development (washing out the non-illuminated regions) the polymerized material remains
in the prescribed 3D form.

TEN 24 3D Antics

Screenshots from “Is this the world's smallest sculpture?” CNN “Ones to watch”

Further reading:Two Photon Polymerization: a New Approach to Micromachining,
Photonics spectra, October 2006



http://edition.cnn.com/videos/tv/2015/03/13/spc-ones-to-watch-sculpture-c.cnn
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Common characterization techniques of
semiconductor radiation detectors

Technique Type Spatial Efficiency Requirements
resolution

TCT Optical 2D Yes N T, (low @ )  ps-pulsed laser
(Transient uniforfnity stepper motors
Current Amplifier, scope
Technique)
Radioactive Source None Yes Vdep, CCE Radioactive
source source, trigger
system
IBIC Source 2D Yes 2D CCE Accelerator
Test beam Source 2D Yes Setup/sensor Accelerator,
dependent: beam time,
2D CCE,... telescope,
trigger,

MIP capabilities: Test beam, infrared TCT

M. Fernandez - SEMINAIRE DE PHYSIQUE CORPUSCULAIRE, Geneva University - 30" Nov 2016



Laser characterization techniques

SPA-TCT Red oY @
Employing short absorption length laser (red for
Si), all carriers deposited in few pm from surface.
Allows to study drift of one kind of carriers.

No spatial resolution along beam direction.

1 photon=1 e-h pair

SPA: Single Photon Absorption
TCT: Transient Current Technique

SPA-TCT Infrared

Using long absorption length laser (infrared for Si).
Homogeneous distribution along “Rayleigh length”.
Similar to MIPs, though different dE/dx.

Incidence can be from top, bottom or edge.
Edge: lateral spatial resolution.

1 photon=1 e-h pair

Two Photon Absorption (TPA-TCT)

Point-like energy deposition — 3D spatial resolution
Novel technique developed by IFCA, CERN, US,
UPV

2 photons=1 e-h pair

Transient Current Techniques

Applicable to both pad/segmented detectors
Simple readout
DAQ directly on digital scope

M. Fernandez - TPA-TCT, Seminar Uber Teilchenphysik - 21th Dec 2017 4



TCT: Transient Current Technique €
—_— |
— electronics

Oscilloscope view - [(t)

ps-pulsed
laser

AVAV/

|(t) = Induced current pulse

I(t) = N AqVgmEy € Vyy = W(E)E = I(t)cE(z)

Assumption: 1D, overdepleted, non-irradiated diode



Evidences for TPA process

1) Collected charge varies quadratically with power
2) Z-scan is not Z-invariant.

Then characterize the excitation volume: Ellipsoid is completely described

3.0 ' | | | | | by waist (w,), A and B.
25l W =0.95 + 0.05 um et s
Ellipsoid length =13 pm w(z) = w, 2
2.0t ] 7TW0n
":'15\ ‘ —2r’
= sl . 2P 2
E o= e
3 1ol 31 um - Tw iz
o\ ' L N _ BP0
P _._:_‘___‘_ﬂ—f*"f' d [ 2 h 63,
0.0L

0 20 40 60 80 100 120

z position(pm) ©
t~t, > N(z) = onr-tp-N(r,Z)dr

An edge-TPA scan is optimum, because spatial resolution is ~1 pm
Try to scan pads from the edge — Get active area very close to the border

Marcos Fernandez, 2™ TCT Workshop, Ljubljana, October 17" 2016



= Work in a power regime where 3>>a but without producing plasma.

Amplitude, V

Focalizacion dentro 15um-FZ285223B-Diferente potencia—Vbias=200v

, —— 35p)
AR N R SR o | ———  a7p)
,,,,,,, 59 p)
/TN - | - | 82 p)
] AN f f f f 147 p)
o 3 B B | S o - 223 pJ

. I"VT"'"WW" WQW"WW ﬂ

2 2.5 3 3.5 4 4.5 5
i -8
time, ns « 10

Marcos Fernandez, 2™ TCT Workshop, Ljubljana, October 17" 2016

= For this detector.
Laser power<80 pJ
= no plasma effect



The primary equations governing pulse propagation and car-
rier generation in a semiconductor material are [15]. [16]

dIE:; z) = _QI(T: 2.’) - )62-{2(7"9 2.’) - UEINI(T‘»‘ Z) (1)
% = BuI(r, z) — 1 N(r, 2) )
dN(r, z)  al(r, z) BI*(r, 2) 3

dt hw 2w )

where [ is pulse irradiance. N is the density of free carriers.
and ¢ is the phase. «v is the linear absorption coefficient, J5 is
the two-photon absorption coefficient that is proportional to the
imaginary part of y®) (the third-order nonlinear-optical suscep-
tibility), o., 1s the absorptivity of laser-generated free carriers,
(31 is proportional to the real part of y(3), ~; describes the re-
fraction due to free carriers, and z 1s the depth in the material.

Energy (eV)
1.5 i 1.2 T 0.9 . 0.6

i u. i L i L A 1
800 1200 1600 2000
Wavelength (nm)

Applied Physics Letters, vol. 90, no. 19, p. 191104, 2007.

the longitudinal dependence of the beam radius w(z) is

5 1/2 5
w(z) = we |:1—|—( s ):| : o= e

2
Tw5n

ered carefully. When nonlinear absorption is the only loss mech-
anism in a material. the irradiance as a function of depth is given
by

1,
&)= gy ”

The parameter 2z, defines the propagation distance over which
the beam is reasonably well collimated in the vicinity of w,. In
silicon (12 &= 3.501). for 1.26 pm light and 0.8 pm beam radius
(that of the present study). 2z, is ~11.2 pm.




Non irradiated

dN(r,z)  B.I(r,2)
dt 2hw
Two Photon Absorption

TPA: Needed two (simultaneous) photons to produce 1 e-h pair.
Mediated by virtual state

Resonant TPA: Two (sequential) photons to produce 1 e-h pair.
Mediated by Deep Level (DL)

Two SPA: Unpaired holes (in BV) or electrons (BC). Generation is
proportional to number of DLs (it grows with fluence) and laser
intensity (more photons available for transition).

Resonant (sequential) TPA

o |
A VAVAVAI

Deep Level
,,,,,,,,,,,,,,,, (>>100 as)

Irradiated
Two Single Photon Absorption
S S

a~ |
A A VAVAVAI B

Deep Level — — Deep Level
a,|
R —
dN (r,z)  oy(P)] dN (r,z) (D)1




HVCMOS: correction of radiation induced SPA signal

. ) 2 .
Generation rate of e-h pairs per unit dN (r,z;i) — I(r,z;i) B, I°(r,z;1)
volume: dt hw 2hw
2P —2r’
with  I(r,z)= S exp r2
Tw(z) w(z)

A Ge photodiode (linear response at 1300 nm) is used to measure laser power, which is
proportional to the integral of the irradiance: I(r, t ;i)

fiow fiooo]<l”,2)drdz o« P fiooofo_ooo]@”,Z)zdrdZ w P

Then:
Opr = a.J | N(r.z;i) drdz = ¢, N(i)

This is the charge measured in the detector (easy to calculate)

CE/RW
\

40
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HVCMOS: correction of radiation induced SPA signal

Assuming a “rectangular” laser pulse of duration tp (~30 fs)
(r,z;i Pt B,t P’
‘[O( ]/' zZ, l dt + fﬁz >d — p 2%p
2hw hw 27w

So finally: gt
0, = =~
Qe(xtp qeﬁzt 2 hw
= P + E P
Qpur 5w 2% w { 0. = q.B,¢,
o 2hw

With Qa and QB the SPA and TPA contributions to the signal (they should be constants)

Now, we can take 2 identical measurements at 2 different intensities and calculate QB

41

Ql Q2 Q1_Q2
— 2 _
0,=0, P +0, P, P, P, 0 = Pf P;
QzZQBP§+Q(xP2 QB_ P,—=P, ) 11
P, P,
céen) The a corrected signal is: 0,Pi = 0,—-0,P,
ST i

.0

\IRD50
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0.006

0.004

0.002

—f)

-0.0025

-0.004

-0.006

Fun: High Resolution imaging inside implant

T e . B —7
n - ————— - —
e — — = ————t = = — =

I — C ! E o’

1.375 1.3755 1.376 1.3765 1.375 1.3755 1.376 1.3765 1.375 1.3755 1.376 1.3765
Y [mm)|

Collection time [ns]

II[IIIIIIIII|IIII[IIIIJIIIIIII

2= u :

—l ol 1 1 1 | 1 1 1 | 1 1 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
-0.008 -0.006 -0.004 -0.002 0 0.002 0.004 0.006 0.008
X |[mm]|

.36
1.35 1.351 1.352 1.353 1.354 1.355 1.356 1.357 1.358 1.359

y [mm]
M. Fernandez - TPA-TCT, Seminar Uber Teilchenphysik - 21th Dec 2017 50



TPA in diamond 0

--------- = Applying standard TCT to diamond because
. would require a UV laser.
............... = Using Arpa= 400 nm we did TPA-TCT in diamond
B S Tl = T
004 AL — xzmea =120um || ® Picture to the left is just a proof of principle: we
P R Nyl = Yume =400um || got a signal in a diamond device.
_0.06f_ll ...... | ...... - I ...... I [ ...... || ...... II ...... [|| ...... II ...... l| ...... I ...... I I ...... o Tha.tls a first Iaser TCT in diamond ever !
-50 0 50 100 150
Time [ns]
DAQ, simulation and analysis packages
0.05
NOT a fit just a _ _
0.00 b~ simulation = We have developed a simulation package called
- normalization . TRACS:
3 -0.05 7
g_glm https://github.com/JulesDoc/Tracs
% ~0.15 | /, that simulates any TCT, including TPA-TCT.
z u *
g% \ / = \We also have a complete ROOT-based software
~0.25 \ / — Measurement package to do 3D analysis of TPA data.
\W. Simulation |
—0-305 2 4 6 8 10
Time [ns] . .
M. Fernandez - TPA-TCT, Seminar Uber Teilchenphysik - 21th Dec 2017 51


https://github.com/JulesDoc/Tracs

. . | F
Beam coupling to deep motifs Ltk

r’Y

Si/air reflection
affects only near ==
the interface. |
Elsewhere full
beam is contained
inside the detector

Beam is chopped
almost
everywhere

Shallow motif to scan Deep motif to scan

Small loss due to reflection at the borders  Very asymmetric coupling to the focus
Approximately constant coupling of energy  Bad layout for TPA measurement

to focus.

Good layout for TPA measurement

M. Fernandez — Two Photon TCT - 31° RD50 workshop 7/16



Beam reflection at interfaces

- Y
/ Propagation dir.

/

TPA carrier Z
generation )
volume (focus) TPA: Material is transparent to A
does not produce / before/after the focus
.a Slgne.ll cause |t : P SPA: Direct and reflected beam
is outside the / contribute to signal
active region. _
grg\/\o/ \ Reflection “ghost
®°Q9 image” of the beam
2 : DNW produces a signal !
© /
~ / Reflected
- ) beam
Reflected
/ beam
/ Metal layers or
/ Air/Passivation/Si interface YZ=side view of the implant
/

/
Marcos Fernandez - 29" RD50 meeting — CERN — 21-23 November 2016



Comparlson of dlrect and ghost signals

Choosing pairs of waveforms:
1) at the interface
2) =2 um away
3) £10 um away

Collection time [ns]

Seen reflection of pulses well
inside the bulk.

In SPA-edge-TCT this reflection

-iol 5 0 5 - '16' - 15 - '26' ' can not be easily resolved
Y [um]

because the beam is continuous.

l. Vila, proceedings Pixel 2016, Sept. 2016

ignal [a.u.]

=y,

ormalised
1

Normalised signal [a.u.]

Z-0.15]

T R

i 1 1 1 : 1 1 1 : 1 1 1 : 1 1 1 i 1 1 1 i 1 1 1 : 1 1 1 i -i- 1 1 1 l 1 1 1 | 1 1 | 1 1 1 1 1 1 1 l 1 1 1 | 1 1 1 i
-4 -2 0 2 4 6 8 10 -4 -2 0 2 4 6 8 10
Time [ns] 16 Time [ns]

Marcos Fernandez - 29" RD50 meeting — CERN — 21-23 November 2016



Drift velocity/P [a.u.]

tn =
= =}

— 0V, 48 ns

— 10V, 48 ns
—— 20V, 48 ns
— 30V, 48 ns
— 40V, 48 ns
— 50V, 48 ns
— 60 V, 48 ns
— 75V, 48 ns
-- 85V, 48 ns
-~ 90V, 48 ns
-~ 95V, 48 ns
- = 96V, 48 ns
-~ 97V, 48 ns
~ DRV, 48 ns
~ 100V, 48 ns
-= 150V, 48 ns
------ 200V, 48 ns
------ 300 V, 48 ns
740 400V, 48 ns
w500V, 48 ns
600 V, 48 ns
< 700V, 48 ns

— Vv
=10V

— 20V
— 30V
— 40V
— S0V
- 60V
— 75V
-=K5 ¥
=Y
=95V
=96V
=TV
oY
=1 Y
=150
e 2 Y
e 3 Y
e 4 Y
e S Y
TRy

5.9 6 6.1 6.2 6.3 oL ™Y

M. Fernandez - TPA-TCT, Seminar iber TeilchefR9TH [8Mbec 2017

Top-TPA on LGADs

= Top TPA on LGAD
PS protons: 10™ neq/cm2

B

T
lcnml:

0-95 V: Charge collection

starts from the back.
SCSI: p—nN

Inverted p-type device

96-200V: Front junction
develops and overcomes
back junction

>200V: Overdepletion

= Proofs existance of double
junction mechanism in
LGADs. Impact on Acceptor
Removal interpretation

48



G. Sobonetal./OpticsCommunications347(2015)8-12 9 D

%
6(0 Isolator - /‘O//@ /}O/)
7

oce 65 cm of Dispersion
Compensating Fiber

Wavelegnth \ y. 2 Carbon Nanotubes
Division WM ______—~"cnTsAa Saturable Absorber
Multiplexer Output 0C  Qutput Coupler

Fig. 1. Setup of the dispersion-managed, Er-doped seed laser.

Pulse stretch Preamp#1 Preamp#2
—

Pulse-picker

Mode-field Polarization
Isolator  adaptor  controller

CNT seed laser

fnz.:.. =40 MHz
fe=1sssnm | Dispersive fiber
—— Pr=E FJSZ . Pump lasers
Pumped by diodes el

gflmylon
Pulse compressor 1100 lomm Er ‘h{b l@ l|>
Cladding LMA fiber
H S mode Pump
: stripper combiner
e, )

High power stage

Output beam

Fig. 3. Schematic of the complete CPA setup.

40 W
pumping



F.R.Palomo

Z scan Technique
Funny and Useful!
SubSurface Laser Engraving (SSLE)
Tipically in BK7 Glass (Borosilicate doped with potassium)
Also with pure quartz (SiO,)
Pico or FemtoSecond Laser, 1064 nm (Si0_2), 532 nm (BK7)
Multi-Photon Absorption
Free electron creation in the focus point
FotoChemistry in Solids:
Index of refraction changes,
Color centers

TIDP-532K Machine (532 nm, BK7 crown glass)
http://www.tianjunlaser.com/

I|' (TPA region)

iy

1 R

30 20 0 0 10 20 30
r (pm)

Two-Photon Photopolymerization and 3D Litographic Microfabrication. H.B.Sun and S.Kawata. APS (2004) 170 pp 169-273, Springer-Verlag.

Femtosecond Laser Litography in Organic and Non-Organic Materials, F .Jipa et al., Chap.3, Nanotechnology and Nanomaterials, “Updates in

Advanced Litography”, ed. by S.Hosaka, INTECH, 2013.

25th RD50 General Meeting, November 19th-21st, 2014, CERN
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0000
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Charge/P* [a.u.]

300

Drift velocity [a.u.]

Ln
—
=

o
—
=

200

100

i
Lh

10

I— 800V
—700V
—e00v |
[—s00v | w1f8, 1.3 um, 1e14, -20C
—a00v |

300V

l—200Vv

23,75 23.8 23.85 23.9 2395 24 24.05 24.1 24.15 24.2

Coord [mm]



Charge/P? [a.u.]

Charge/P? [a.u.|

oL
—

=p
—

40

20

5 5 5 5 — 1000 V, 10 ns
- 900V, 11 ns
800 V, 12 ns
- —— 700V, 12 ns
| | -'5 5 —— 500V, 11 ns

10"° neqlcmz,-ZO °C (SPA corre



By/P fnusk

Char

= = o=
— S — S —
— I —

Lh
—
—

aoof- —

300 _ ........................ ...................

2']'] I OV ................

100 .- e __________ YIEAAN

374 37.5

i

IFJ. { el H L
37.6

fr———

o
37.7 37.8

| ARy
: A b NN
AN

37.9 38
Coord [mm]

tleft = 26.8 ;
tright = 40.0 ;

Some values missing!
Go file by file

Check 200,400 V
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