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Outiine EPIB

1. JAWS basics

2. JAWS at PTB : status quo

3. b-stacked Josephson junctions arrays
4. optical pulse-drive

5. on-chip power splitter
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JAWS:basics () EPIB

SNS junctions : a current pulse ( pulse repetition frequency f;)
non-hysteretic [IVC transfers N flux-quanta @, = h/2e
S: Superconductor / N: normal metal through M Josephson junctions_
& signal voltage .
g Josephson equation
= I, : .
= in pulse-mode operation :
=0 Vsinal(t) =M - N '¢O - (t)
Current _
_ (Shapiro steps for f, <f)
o _— signal frequency
(o2} —_
Pl e 1:sinal = Typ - 1:clock / LsA
>c> n=-1 . .
Shapiro-step : A, :code amplitude
Ry selected by T,, :number of periods
Pulse Amplitude ARl AL L., :code length

f _15 GHZ @OzZ HV/GHZ

clock —

RTZ pulses (30 Gbit/s) JAWS principle : S.P. Benz and C.A. Hamilton, APL 68 (1996) 3171
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kieler01
Notiz
Basic Principle of pulse-driven AC Josephson Voltage Standard, suggested by NIST.


arbitrary waveform

N

>A-Modulation 4

N
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AZA

(frequency or time domain)

> no drift

fp(t) < fclock

> low noise

guantized waveform

Quantum - Standard

» high-precision quantized AC voltage source

» large frequency bandwidth (DC ... MHz)

PIB

» synthesis of arbitrary waveforms

» spectrally pure waveforms (SNR > 130 dBc)
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Notiz
practical realization of JAWS and basic features.
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CLITEarbitrany fprecision  FEPIB

large frequency bandwidth : 1 Hz...1 MHz

JAWS23_3_C1#1 :12 000 junctions / f ., =13 GHz
10°
signal voltage : signal frequency : 10"
100 mV RMS 10 Hz 10_2
— 100 Hz
—— 1000 Hz 10°
— 10 000 Hz a
—— 100 000 Hz 10
1000 000 Hz 10°
10°

0.0 0.2 0.4 0.6

i et Pt

172345678910 20 30 40 50
frequency / kHz

waveform : sinus

200 400 600 800 1000 1200

amplitude : 100 mV RMS

voltage / V
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Notiz
example of synthesized waveforms : Sinusoidal waveforms are most suitable, beceause only the fundamental tone should be visible in the frequency spectrum.
Several waveforms are shown to demonstrate the large bandwidth of the JAWS.
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arbitrary frequency and time domain

PIB

Quantum precision

. ECG of No:r;;:xsinus Rhythm H e ar t b e at :
- 1V RMS comparison:

Viaws - Vovm =
(+3.5%12) nV @ 250 Hz
AL

] : , , , , , , Behr et al., Metrologia 2015
0,75 0,80 0,85 0,90 0,95

Highlight paper of
Metrologiain 2015 !
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Notiz
demonstration of arbitrary waveforms in frequency and time domain with 2 examples. High precision of JAWS vs. QVM (Quantum Voltmeter) was shown too.
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density PTB

57 000 junctions @ 3 chips (instead of 4)

10
10° clock: 15 GHz
S 10" 250 Hz, 1.000V,,, 6 arrays @ 3chips : 57 000 JJ
~ 102 @ ZA - code amplitude 80%
O -125 dBc¢c current margins : 190 pA
o 10
2 v 1V RMS
= 10
(o) -5
S 10_6
10
107
0 5 10 15 20 25 30 35 40 45 50 established (hlgh yleld) :
Frequency / kHz > 4-stacked junctions
93 000 junctions @ 4 ChipS » 24 000 junctions / chip
10’
10° 200 Hz, 1.500V_, clock: 14 GHz
- 8 arrays @ 4chips : 93 000 JJ

@ XA - code amplitude ca. 79%

-128 dBc

Voltage / V

0 5 10 15 20 25 30 35 40 45 50
Frequency / kHz
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Notiz
recent improvements in technology to increase the number of junctions per Josephson series array and to increase the output voltage of the JAWs system.
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cEitldijunctions

« EIPIB

v " cryoperm shield

- PXI5922

— control and :
“measurement |

6 JAWS-Systems @ PTB
In daily use for applications
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Notiz
picture of the JAWS system.
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© oi7i225 VRS demonstrated  FEPIB

10° clock: 15 GHz / 14 GHz
> 10" 250 Hz, 2.250 VRMS 16 arrays @ 8 chips : 162 000 JJ
@ =A - code amplitudes 83% / 52%

-127 dBc

2.25V RMS :

o orosstalk” 16 parallel arrays
162 000 Josephson junctions

» Wil

0 5 10 15 20 25 30 35
Frequency / kHz
4000
= )
£ 2000 - NIST @ CPEM 2018 :
o f 4V RMS
2 0 el 16 parallel arrays
" 5000/ 204 960 junctions
> l (4 HF channels)
-4000 — 1 r 71T = T * T © T * T * T =*® T * T 1
0 2 4 6 8 10 12 14 16 18 20

Time / ms

2.25V RMS -
Kioler. ot al. EUCAS 2017 ca. 1 088 000 000 000 000 @, per second 9
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Notiz
Demonstration of parallel operation of up to 16 JAWS arrays - to increase the output voltage (> 2 V RMS).
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Impact 2018 ications

PIB

12 x CPEM 2018 - contributions with JAWS = coauthor

!

Conference on
Precision
Electrical
Measurement

!

most important
Metrology
conference

oUlThWN R

PTB with external partners

Bauer /. deAguiIarEFL

Behr 8. Ireland  EE= st

Herick 9. Lapuh g measurements
Kohlmann 10.Nissila made @ PTB
Kraus 11.Sira

Palafox 12.50ss0 h

uacc TR

6 other contributions (2xASC 2018, etc.)

10
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Notiz
Large impact of JAWS at PTB and partners - example : conference contribution in 2018.


IEEE CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), September 2019.
Contributed presentation 2-ME-C-1 given at ISEC, 28 July-1 August 2019, Riverside, USA.

Examples of Activities (@ PT8)  FEP|E

8.
9.

10. JAWS in cryocooler (INRIM) I I

11. Characterization of Voltage Divider

1V JAWS : AC-DC transfer measurements with trans-conductance amplifier

(NMIA) ghalls

*

I

1V JAWS : characterization of Keysight 3458A (SIQ, CEM)

AC-DC transfer (up to 1 MHz) with Fluke792A in mini-cryostat (VSL) I

Characterization of ADC’s (CMI) i

EU projects:
: _ _ EMRP ,,Q-WAVE”
Systematic error analysis (Tubitak) EMPIR , ACQ-PRO*
EMPIR ,,QuADC*

Impedance/quadrature bridge (vs. AC-QHE, cryocooler)

JAWS based pV-Synthesizer (pV/junction) A

Y I

-

N4

JAWS with optical pulse-drive (NPL, JV, VTT)

JAWS JNT (with PTB Berlin)
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Notiz
Examples of cooperation with different NMI's for characterization and improvement of JAWS for applications in Metrology.
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Application : eharacterization ADC (1) s [15[13

““Martin Sira” 4x4x10-Waveform : 4 x f, 4x A, 10x T

special waveform :
» 4 frequencies
» 4 amplitudes
» 10 periods each

150 Hz / 300 Hz / 600 Hz / 1200 Hz|| clock: 13.76256 GHz
YA-amplitudes : 0.1/0.3/0.5/0.7|| 6 arrays: 54 000 JJ
PPG-Repetition : 32

YA-code length : 215040000

PXI 5922 sampling rate : 480 kS/s

-
o
N

»Simultaneously” analyzed :
» gain (amplitude)
» frequency response

-
o
A

10 periods @ each > fi /
frequency and amplitude > time stability

.

|
1 2 3 4 5 6 7 8 9 10
Frequency / kHz

Voltage / V

'
3]

-
o

i T=10
£ 500 - @ Il {
8,253 , ,,,,,,,,,,,,,,,,, 1mmmlh”lh”ll\”llm HIH L AhAAAAAAA .‘
%-250-: A, H“l” ‘
S -500 -
750 , As . ' ' M. Sira et al.
0 100 200 As 300 400 500 W @ CPEM 2018
Time / ms

12
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Notiz
Example of a special arbitrary waveform for the charaterization of fast ADC's. Waveform suggest by M. Sira (CMI) and realized at PTB.
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distributed within

International research projects

Natlonal I\/Ietrology Institutes

Netherland
_
§ 7‘ . .
= United Kingdom
L
._3. Norway

I I4. ltaly
-|—5. Finland

@ 6. Turkey
B /. Russia
B 8. China
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Notiz
Distribution of JAWS chips within research projects.
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PIB

...JAWS
AND BEYOND...

http://www.listal.com/viewimage/5873313

14
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" UEENEReEBoiEsis | 5o PP

JAWS with higher voltage : 7...10 V RMS
» more Josephson junctions @ chip
> less chips =2 less HF-channels @ 300 K - JAWS system:
» less HF-crosstalk * less complex
» parallel-operation on-chip : * less expensive

= optical pulse - photodiodes @ 4.2 K * more user-friendly
= power-splitter on-chip @ 4.2 K

!

AIST and NIST : pioneer work !

= Urano, et al., SUST, 2009 = Flowers-Jacobs, et al., IEEE TAS, 2016
l = Yamamori et al., IEEE TAS, 2016

few junctions, work stopped

15
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Notiz
Work is ongoing to improve JAWS setup and increase the output voltage: optical pulse-drive and on-chip power splitter.
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" UNIVEX480C = Cluster'= sputter - system FEP|B

_|Nb,SI;., parameter for
70 GHz and 15 GHz

e Bl 2N 6 chambers
WY e ot 1 fully automatic
= -
Sl | 2xNb, Si, AuPd,
[ HfTi, Al, AlLO,
rf-cleaning

SNS /SIS / SINIS

2 parameter to optimize :
JAWS : x = 20%, d,s; = 30 nm @ 15 GHz
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Notiz
Cluster sputter-system for the fully automated deposition of multilayer on 3 inch Si-Wafer for the SNS Josephson junctions.


IEEE CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), September 2019.
Contributed presentation 2-ME-C-1 given at ISEC, 28 July-1 August 2019, Riverside, USA.

" UNIVEX480C = Cluster'= sputter - system FEP|B

adjustable
distance & angle

Si t ij T»vacuum

pump

Si-wafer

x

rotation

adjustable
& in awide range - nearly independent

PJVSG: >
R Gl

x=0.12

2 parameter to optimi
JAWS : x = 20%, d,, = 30 nm



kieler01
Notiz
NbSi by co-sputter process. SNS junction parameter adjustment by choosing N-layer thickness and NbSi composition.
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5-stacked . junctions PTB
Popyerinons M Wl stacks : high* integration density _

1) layer sequence 2) after two fabrication steps ‘ 3) fabrication finished

5-stacked JJ

not shown : 1) Nb wire,
2 AuPd reSIStorS 3 SIO Isolatlon |—| AG:2.44 WD= 85mm Mag= 6852 K X Time :9:11:01 AG:244 WD=52mm Mag= 10.83 KX Time :11:44:19

" " 20°tit EHT= 500kV SignalA=SE2  Date :21 Jan 2019
45° tit EHT = 5.00kv Signal A = SE2 Date :15 May 2017

JJ parameter : modified fabrication of 5-stacked JJ : summary of process :
> chain length : 3000...4000 JJ > “window” process adjusted for stacks : > 5x deposition
> Nk_)O_.ZSiO.B : depOSited_ by go-sputtering - resist thickness > 7 X etching
> critical current density : J. ~ 5 kA/cm? - e-beam dose and proximity correction | 3 7y e-beam
» normal re_sgtance R, =3 mQ - development times > 1 x UV-lithography
> _Characteristic voltage : V. ~ 10 1V - SiO, and Nb-Wiring layer thickness > 1 x lift off
- implementation of CMP for SiO, > 6 main fabrication steps
» RIE-ICP : JJ stacks with steep edges .
» PECVD : thick SiO, isolation layer > nextslide
» window etch :in 2 steps'!

18
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Notiz
Stacks of junctions are possible - shown here : 5 stacked junctions. Fabrication process was adjusted to increase the yield.
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N N N N N

1. Josephson junction Resist

~—
Si + therm. SiO, | |
2. Base electrode

Nb ALO,

3. Isolation and window

=22\ NESY

4. Wiring electrode

5. Load : AuPd resistors by “lift-off”

6. Pads : SiO, by ICP-RIE

- detailed process : ca. 40 fabrication steps

- clean-room cycle-time 2 wafer : ca. 3 weeks

only for 5-stacked JJ :

Improvement of yield !

19
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Notiz
Schematic overview of fabrication process - showing the main steps only.
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N N N N N

1. Josephson junction 4. Wiring electrode

homogeneous &
steep edges !!
(ICP-RIE)

> Sio,
N > Nb wiring
s. > AuPd
= > total height

5. Load : AuPd resistors DY 6. Pads : SiO, by ICP-RIE

—> detailed process : ca. 40 fabrication steps only for 5-stacked JJ :

- clean-room cycle-time 2 wafer : ca. 3 weeks Improvement of yield !

20
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Notiz
Requirements for a high yield of this "pseudo-3D" fabrication process are homogeneous deposition and etching.
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" [Bstacked Josephson junctions  FEPIB

30 000 junctions per chip:ca. 0.5 VRMS /1.3 Vg,

2 arrays

10 07—
10" [} 1625 Hz. 0.46 V JAWS23 26_A2 @ 357 :
> 102 z 9. RMS
~ clock: 13 GHz
% 10° -124 dBc 2 arrays x 5-stacked JJ : 30 000 JJ
8 10° @ =A - code amplitudes 80%
=

10°
10° @ 1 chips
107 with
0 5 10 15 20 25 30 35 40 45 50 30 OOO junCtiOnS

Frequency / kHz

“N N TWA AN NN
- VMVVVVVV

Voltage / mV

Time / ms

21
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Notiz
Synthesis of a sinusoidal waveform with 30000 junctions per chip with two 5 stacked junction arrays.
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" pAWSSSUpIEEEpUses  FIPR

supercond. wire Xamle

PC control : LabView
PC control ; LabView | Imptl 2 channel

YA-Code system

oo1001001—> Sympuls PPG ’I SPeCt;;l(ng«gzalyzer

42K
no electrical pulses anymore

§

» optical pulses : photodiodes @ 4.2 K “direct” (hybrid) on-chip

» use of optical fibers = less noise @ MHz-range
> easy parallel optical HF-channels = low cost solution
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Notiz
Motivation for optical pulse-drive.
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IS RRRRp <

PIB

proof-of-principle setup AN

> PD @ PDCC
(Albis PD20X1)

Sympuls PPG
(BPG-30G-TERx8)

RF Modulator Driver
(iXblue DR-DG-20-MO)

optical
electrical

—>

> JAWS @ PCB

(PCB Rogers 3006)

Mach-Zehnder Modulator
(iXblue MX1300-LN-20)

A

Fabry-Perot Laser
(Thorlabs FPL 1053)

high-speed lensed photodiode (PD)

lSN’ University of
South-Eastern Norway
Justervesenet

NPLE

National Physical Laboratory

PDCS24L (InGaAs/InP) chip with a tapered CPW
integrated backside lens (bottom illuminated)

!

up to 28 Gb/s, laser 1310 nm
easy and efficient optical coupling
pad layout allowing flip-chip mounting

http://www.albisopto.com

23
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Notiz
Proof-of-principle setup for optical pulse-drive at PTB.
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PCB carrier

PIB

EELELEEDEEELEL L i}
2 ‘ 1/~ — photodiode

=l ‘1 ‘J il { \\; ‘
S 1 um gap L\ A —
z%% \\\ ) i g
E@%%{é { KIELER - 2005 —_____‘ ' A
{2 12 i AR {lip-Chip 1
Z%Kw ‘ —i|!D .
Z%%% 8 ! Q-WRLE Cormar 2_1 “
= : :
Z% % ?//%Z%ZZ 2 2 um gap B :
Z%%/ﬂ : 0.35 mm x 0.35 mm
S z/ / =
e s = A

S

glass tube
P

24

Bardalen et al., IEEE Trans. Comp.

removable optical fiber

Packag. Manuf. Technol., 2017
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Notiz
Packaging of photodiodes and glass tubes was performed at USN/JV onto special made Si / PCB - carriers made at PTB.
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1zation

PD’s @ 4 K

PIB

Clock frequency (GHz)

16

0

500

1000
Time (ps)

.9 : : 600 . — _
14f < output current - 7 res Peak, PD A edge steepness : _ 12/,12 measurements
Ve TN — Peak PG| PPG better than PD ! | NN \ade @ PTB
12 M — 4116
3 — 5/16
< 10} 1400 — 1.0 p
£ - c 0 |
g 2 g Il 112 GHz
o 8f 2 508 R
g 3002 ° i
< 6l £ Soel || lk e
& 20 I jz ‘ problem for
A -~ FWHM, PD z ol .
) — FWHM, PPG ||, o o }{ B mla-X|mumlr)
2| 2b . by
l ' \/\( \/% pulse rate !~
% 5 P 5 A 0 12 12 18 -0 100 200 300]0 16_)0 200 300(0 100 200 300
Clock frequency (GHz) Time (ps)
600 — PD time
— -1s -
— 197L-2nd stability : OK
2001 — 204L
400} RCERE 5t
= reproducibility for = FWHM: 75-81 ps
| different devices : OK E 4 drift 1 : DC bias @ MZM
é é 3t ‘
[T >
200} © 2|
1 4
A Karlsen, et al. :
: idth at half i
[ VM s Tull width athalfmaximum 4716 bit pattern at 10 GHz IEEE TAS, 2019
2 4 6 8 10 12 14 - . -

25
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Notiz
Characterization of the optical pulses at 4 K.
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optical JAWS: signal frequency
spectrally pure waveforms synthesized g@)
10" < A il

signal

4 1 60 Hz, 219 pv_ unipolar optical pulses (PD @ 4K) : freq uencies
> 10 jaws25_2_A2#1 + KD197#PD2
© 10° 100JJ@f,  =15GHz, A = 0.2 60 Hz
(o)) — JAWS Laser-bias margins : 1 mA (300 pW)
= 10° Hedbs MZM : MX1300-LN-20 &
9 10 kHz
107

20 30
Frequency / kHz

— 10 kHz, 219 uV_ || unipolar optical pulses (PD @ 4K) :
jaws25_2_A2#1 + KD197#PD2

o000 T 15 e A - 02 full speed"

Laser-bias margins : 8 mA (2.6 mW)
MZM : MX1300-LN-20

A

Voltage / V

N
o

-70 dBc

10 20 30 40 50
Frequency / kHz 26
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Notiz
Synthesis of spectrally pure waveforms with the optical pulse-drive for different signal frequencies.
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2] _ /@®), | unipolar optical pulses (PD @ 4K) :

10 A 1875 Hz, 6.6 mVRMs (@:) <\7> jaws23_11_A3#1 + KD197:QuADC2_X_A5# PD2
> 403 ~ —— |3000JJ@f, =15GHz, A - 0.2
-~ aser-Biasmargins : 1 mA (300 pW)
% 10'4 Stable MZM : MX1300-LN-20
§ 10° 0 peratl on JAWS23_11_A3#1 : [ =2.8 mA/f = 4.2 GHz
o margins !

6

> 10 /optical reflections /| MZM-detuning ?

107

20 30
Frequency / kHz
E 20 18.6 mVPP sine waveform with DC-shift :
15 +1. Shapiro step only

—
[<})
o
o 10
—
O 5
>

1 PD = unipolar operation = +1.SS only : DC-shift

PIB

JAWS with
3000 junctions

signal
frequency
1875 Hz

»full speed*

Kieler, et al. :
IEEE TAS, 2019
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Notiz
Synthesis of spectrally pure waveforms with the optical pulse-drive for a large JAWS array. Limitations of unipolar pulse-drive and low Sigma-Delta code ampitude are shown.
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PIB

CPW-CPS

" 19PIAIP UOSUII

300]q 9p @pISjNo-apIsul
Y L Z os1nd

H. Yamamori and S. Kohjiro, IEEE Trans. Appl. Supercond., N. E. Flowers-Jacobs, et al., IEEE Trans. Appl. Supercond.,
Dec. 2016 Sep. 2016

i

* Insertion loss: ca. 6 dB |« Insertion loss: ca. 3 dB
* Returnloss: >20dB |+ Return loss: > 10 dB
(up to 30 GH2) 0 | (upto25GHgz)
* Amplitude balance <0.3dB | | |+ Amplitude balance < 0.3 dB

4 JAWS arrays 2 JAWS arrays optimization
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Notiz
Two approaches for on-chip power splitter.
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Design ,,JAWSTEST 10* :
chip size: 10 mm x 10 mm
2 arrays @ chip

4 chains @ array

500 JJs @ chain

CPW: 50 Ohm

CPW taper

VA lllmlllU;SOOJJ

JAWSTEST 18 JALWSTEST 10

YVVVVVYY

i
A

bz

383 g 8 333 s g sl sal el a( 3318 i3[83[ 8881513 sglsTalTalalsals 08
e 3111113111 4 2 31 s g g a s sl /

4 x 500 JJ _ 8 arrays / chip

il bridge - litho-b

Y SO [

with 2 HF-channels

Vi . 29
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Notiz
Example of wafer / chip-layout (for CPW-CPS splitter) realized at PTB.
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n

Design ,, JAWSTEST 10 :
chip size: 10 mm x 10 mm
2 arrays @ chip

4 chains @ array

500 JJs @ chain

CPW: 50 Ohm

CPW taper

YVVVVVYY

A~

* SNS junctions: Nb,Si,
« standard window process

30


kieler01
Notiz
Fabrication was performed at the PTB clean-room facility.


current / mA
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" EPWPSSIEING comparison  FEP13

3) IVC vs. pulse frequency

“standard” JAWS Array

4 parallel JAWS Arrays

12 000 junctions (4-stacked) 2 000 junctions (non-stacked)

jaws23_10_A4#2 : A, = 2000 jawstest10_1_C3#1: A = 2000

- s »

current / mA

10
frequency / GHz frequency / GHz

Shapiro step reduzed

31


kieler01
Notiz
Comparison of IVC vs. pulse-frequency for a standard JAWS layout and a CPW-CPS splitter JAWS chip.
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CPW-CPS splitter rm synthesisPTB

2000 non-stacked junctions

pulse amplitude
not sufficient

1625 Hz, 19 MV,

A;,,=05
margins : 888 pA

SNR > 97 dBc

max. clock frequency

TR 13 GHz (not 15 GHz!)

0 5 10 15 20 25 30 35
Frequency / kHz
30
] 53.8 mV,,,
g %1 \ 1
-20
g | | . . : | _ | | and Ay, = 0.6
0 1 2 3 4 5
Time / ms
4 parallel arrays

Design : 3" generation
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Notiz
CPW-CPS splitter : synthesis of spectrally pure waveforms. Limitation of available pulse amplitude will reduce clock speed.
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Wilkinson splitter rm synthesis PTB
4) synthesis sinus-waveform
: : max. clock frequenc
3000 3-stacked junctions 15 Gqu y

10"
1072 875 Hz, 32.9 mV ] @® f = 15 GHz
2 107 @ w A;,=05
g, 104 SNR > 103 dBc| margins : 333 pA
S
% 107 1-stage Wilkinson splitter
> 10° 2"¢ generation, f__ ., = 15 GHz, DC-Block vers. 2)
e spectrum OK
0 5 10 15 20 25 30 35 40 45 50 and AZA =0.5
Frequency / kHz
50
>
E 25
P 3.2mv,,
0 .25 -
Q25 _
-50
0 5 . i
Tian, et al. :
subm. to

IEEE TAS, 2019

Time / ms
2 parallel arrays Design : 2" generation
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Notiz
Wilkinson splitter : synthesis of spectrally pure waveforms. Limitation of possible Sigma-Delta code amplitude will reduce output amplitude.
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Summary and outlook EPIB

optical pulse drive

Si-carrier chip (SCC) for photodiodes (PD) developed and fabricated
PD @ SCC by flip-chip established

easy-mount for optical fiber by glass tube developed
operation of PD @ SCC and JAWS-chip @ 4.2 K

spectrally pure unipolar waveforms synthesized

vV V V VY VY V¥V

next step : bipolar operation and higher integration density of PD’s

power splitter

» on-chip CPW-CPS- and Wilkinson-splitter optimized by simulations

» fabrication of JAWS circuits with up to 3000 3-stacked junctions
» spectrally pure bipolar waveforms with both splitter types
»

next step : more junctions and 2-stage Wilkinson-splitter
34
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Thank you
very much
for your attention !

—

“

JAWS23_28: S AR L ot JAWS23_28:
& after base etch R Y £ . after base etch
ebeam marker field » R Cne 5 junction stacks

=, dirty“ alignment > ,clean“ fabrication SEM : P. Hinze

45° tiit EHT= 5.00kV SignalA=SE2  Date :23 Jul 2018 P 200 nm 45°tiit EHT= 500kV SignalA=SE2  Date :23 Jul 2018
AG:2.44 WD=108mm Mag= 6.98KX Time :16:04:09 : \L{ AG:2.44 WD=108mm Mag= 40.13 KX Time :15:43:15
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N EPIB
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