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Chapter 01

Project Management
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Contract References

REFERENCE
ESA Contract No. 4000117664/16/NL/HK “COMPACT ULTRA-HIGH STABILITY ATOMIC CLOCK FOR SPACE APPLICATIONS”

AMENDED BY

CONTRACT CHANGE NOTICE
Reference: 117664 CCN 1 (termination)
Date: 13.11.2024

CCN Title: Termination of contract
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CCN for termination

Description of change

The parties have agreed to terminate the Contract by mutual agreement on the conditions mentioned below:

- Part of the work under Task 4, and the entire Task 5 will not be performed, and as such, the Contract corresponding to payment
Milestone 4, will not be achieved;

- Milestone 3 shall be considered as the Final settlement under the Contract considering the progress of the work achieved. No
further payments under this Contract will be made thereafter, and the Contractor further agrees that no indemnities will be
claimed under Clause 31.3. The duties of either Party will be discharged and ESA Contract 4000117664/16/NL/HK terminated;
and

- No additional deliveries will be claimed by the Agency apart from deliverables D1 to D7, and the Final Report.

Reason for change

In this activity, Safran Timing Technologies (STT) encountered difficulties in the design of the hardware displaying high
background noise over the desired signal which causes stray light to saturate the photo-multiplier tube due to a combination of
issues (poor light trap design and high scattering in direct path, parts of vacuum tube not coated and tube surface acting as
reflector).

A common decision between the Agency and STT was taken to de-scope the activity due to elongation of the project and its
management after a considerable effort were made by STT team in trying to progress with the TCR milestone as well several
meetings between STT and suppliers, simulations and a mitigation plan in finding solutions to the observed issues.
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Deliverables status

Extract from Contract Closure Document_draft

» List of deliverables
* No HW deliverable

Conform to CCN status

Type Ref. Name / Description Replacement | Location Rights
Tite. (issue/version/ Value (EUR) of EU granted /
model/ serial Other, Specific
number, part IPR
number, as conditions
Documentation | D1 Statement of Included in MA ESA/ESTEC Yes Rights as
Compliance to ESA deliverable D2 stipulated in
Technical the contract
Reguirements
02 Design Definition and IT02-SPT-DDJ-0001 MNA ESAESTEC Yes Rights as
Justification File - PDR. | Issue 02 stipulated in
the contract
02 Design Definition and IT02-5PT-DDJ-0002 MA ESA/ESTEC Yes Rights as
Justification File - DDR. | Issue 02 stipulated in
the contract
02 Optics Package — MIFS-OHB-TN-0010 MA ESA/ESTEC Yes Rights as
Technology Review lssue 03 stipulated in
and Preliminary Design the contract
02 Optics Package — MIFS-OHB-TN-0020 MA ESA/ESTEC Yes Rights as
Detailed Design lssue 02 stipulated in
the contract
03 EBB-PP Manufacturing | Assembly process MA ESA/ESTEC Yes Rights as
File included in stipulated in
deliverable D7 the contract
D4 EBB-EP Manufacturing | Assembly process NA ESA/ESTEC Yes Rights as
File included in stipulated in
deliverable D7 the contract
D5 EBB-PP preliminary IT02-SPT-PMP-0001 MA ESA/ESTEC Yes Rights as
material and part list lssue 04 stipulated in
the contract
D6 EBB-EP preliminary Included in MA ESA/ESTEC Yes Rights as
part list deliverable D5 stipulated in
the contract
o7 EP&FP Detailed IT02-S5PT-MAOC-0001 MA ESA/ESTEC Yes Rights as
Assembly, Verification Issue 01 stipulated in
and Optimization plan the contract
Final Report IT02-5TT- RP-0001 MA ESA/ESTEC Yes Rights as
lssue 1.0 stipulated in
the contract
[ [ IT02-5TT-CCD-0001 MA ESA/ESTEC Yes Rights as
Documentation lssue 1.0 stipulated in
the contract
Hardware Mo HW delivery
Software Mo SW delivery
Other MA
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Deliverables status

Extract from Contract Closure Document_draft

» |tems deliverable under Article 4 of the Contract

The “contract inventory” of items produced or purchased under the Contract (other than those falling under the Article 2
of the contract) with an individual or batch value equivalent or superior to 5.000 euros is as follows:

RGA RGA300 STT-NEU 59075

#303a

e-GUN | EGA-1114 | STT-NEU 55950
#303a

e-GUN | EGA-1114 | STT-NEU 55950
#303a

9 R&D / STT / 06.02.2025
This document and the information therein are the property of Safran. They must not be copied or communicated to a third party without the prior written authorization of Safran S SAFRAN



TRL status

STT Engineering judgment regarding TRL level achieved within the project is the following one:

3 4 3/4

Levels | 1 | Basic principles observed and reported

P2 Technology concept and/ or application formulated
Analytical and experimental critical function and/ or characteristic proof of concept
(4 | Component and /or breadboard validation in laboratory environment
I Component and /or breadboard validation in relevant environment
(6 |
(7 |

System/ subsystem model or prototype demonstration in a relevant environment
7 System prototype demonstration in an operational environment
K Actual system completed and ‘flight qualified’ through test and demonstration
M Actual system ‘flight proven’ through successful mission operations

10 | R&D/STT /06.02.2025

This document and the information therein are the property of Safran. They must not be copied or communicated to a third party without the prior written authorization of Safran
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Payment Plan and Status

Payments from Current Milestone Payment Plan — CCN included
Milestone (MS) Description Schedule Date ESAto Country
Prime Contractor (ISO code)
{in Euro) H
Progress (MS 1): Upon successful completion of Task 1 | o\ o -0 e 320,000 v' MST1 s closed
(PDR) and acceptance of all related deliverables P (paid) v MS2 is closed
Progress (MS 2): Upon successful completion of Task 2 March 2017 355,000
(DDR) and acceptance of all related deliverables are (paid)
Progress (MS 3): Upon successful completion of Task 4 .
(TCR) and acceptance of all related deliverables, includinga | December2017 174.957 CH = MS3 should be closed after the dellvery of the
Final Report. October 2024 ! H . .
As per this CCN 1, MS 3 is considered the Final Settlement. updated documentation considering ESA RIDs,
150,000 approval of the Contract Closure Documentation,
s con T uploading of the documentation in ESA system,
993,957 and approval of the Final Review through the
’ Minutes for Contract Close-out.
Orolia CH OHBE System AG DE
Company Vendor Type P/Prime; Country Total Amount Switzerland
Name Code Sl/Subco (1ISO in Euro M1 300,000 W51 20,000
Indirect Code) MS2 300,000 MS2 55,000
SpectraTime 1000008079 P CH 900,600 750,000 MS p
OHB 1000003293 Sl DE 99,957 EEES l,?'f,??l.; 3 24,057
o 730
| TOTAL 900,000 | TOTAL 99,957
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Chapter 02

MIC (=MIFS) Clock Overview
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MIC - Mercury lon Clock - Operating Principle (1)

= Step 1: lon cloud trapping

= UHV vacuum tube back-filled with :
= Neutral ®°Hg (<1E-10 mbar)

Micro-
Processor

= Neon (1E-6 — 1E-5 mbar) PMT detector
= Electron gun generates Hg+ by collision impact
= Hg+ is trapped by a linear QP (cigar shape)

Q 40.507xxx GHz

202Hg* Lamp

= Step 2: Optical pumping and detection
= 202Hg+ plasma lamp for optical pumping/detection : 111
= |on cloud fluorescence (weak) is detected on PMT /\ Electron gun

Linear quadrupole trap

L O
= Step 3: Microwave interrogation

= MW antenna probes the hyper-fine clock transition (40.5 GHz)
= Slow servo-loop (> 10 seconds) disciplines USO crystal oscillator at 5/10 MHz

10 MHz

| Multiplication e veXo ——

Vacuum tube

«The MIC technology traps a cloud of mercury ions in free space with no wall collisions, leading to very low

environmental sensitivity and frequency drift»
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MIC - Mercury lon Clock - Operating Principle (2)

= Simplified energy level structure in mercury isotopes '%°Hg and 202Hg. = Microwave clock resonance

= Same level-structure as hydrogen maser (I=S=1/2 -> F=0,1) = Similar to RAFS double-resonance interrogation
(but much slower)

A PMT count
C1
194 nm 194 nm
Upper clock level W

y I

S 40.5 GHz , c2
v i
Lower clock level
199Hg+ «clock» ion 2°2Hg+ «|amp» ion Frequency
f0

«The MIC technology traps a cloud of mercury ions in free space with no wall collisions, leading to very low

environmental sensitivity and frequency drift»
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MIC Block Diagram

= vacuum package:

= double QP ion trap, electron gun, vacuum tube, and NEG pump

MIC — Mercury lon Clock Payload
1 interf:
" magnetlc paCkage Instrument e
. . . . control Package LO/MW Package
= C-field coil, 3-layer magnetic shield e )
. C-field o 40.5 GHz
* Instrument contrOI paCkage current Vacuum tube package ¢ Mult-chain

= drive electronics for the RF ion trap, e-gun, C-field, UV lamp, and E-gun N )
PMT detector control > Qp-1 Qp-2 LNMO -

10
10 MHz
Output

. AA A —
= optical package o H_ .
m \| Clock Control unit L
= UV lamp, UV filtering- and imaging optics, PMT detector RF/DC souree | e E—
= LO/MW package, Hgdlamp g Y= EE
control 'ﬂf BMU H 1L ©

= stable OCXO crystal oscillator, tuneable 40.507xx GHz microwave
multiplication chain, and waveguide- coupler and -antenna. PMT

= Clock control unit \ v

= including a FPGA-based clock controller
= Power supply unit

Power supply unit

1L
Power
bus

= including the payload power supply system with DC-DC converter
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Chapter 03

Elegant Bread-Board clock (EBB)
Design and MAIT
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Heritage and EBB objectives

= MIFS-1 Heritage

= Laboratory demonstrator

= TRL3

= CQOTS PP parts (CF40 flanges, e-gun, windows, etc.)

= COTS EP parts (QP-trap, e-gun, MW-synthesizer, etc.

= MIFS-2 objectives
= Design, MAIT of EBB MIC clock

= Reduce size of PP vacuum tube (25x25x200 mm)

= New custom e-gun

= Replace CF40 flanges (70 mm) with weldable flanges (<20 mm)

= Replace COTS windows with custom brazed/welded sapphire windows
= Develop custom EP drivers to replace COTS:

= 40.5 GHz multiplication chain

= HV QP ion trap driver

= E-gun driver

MIFS-1 Lab demonstrator

COTS egun

S SAFRAN
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EBB clock design and assembly Vacuum tube

Yacuum package (I1)

Electronics
Package

Vacuum Package (1)

Optical package

"ot (Mg | Aeeares IFS-EBB
_@Sp@@{fr@]ﬂm@ (e vene | 3¢ | aprom
ni e reciion Teing Slvdors® 2777 77 ainé
ifié o [ aa i,
R 1.8) 520,28 o
Confidential M IFS-final-assy

Vacuum tube Optical input  Optical output
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Vacuum package assembly flow

1.Sapphire Window 2.Vacuum tube 3.MW- and UV-ion 4. E-gun 5-Vacuum pump
fabrication fabrication trap fabrication fabrication station fabrication:
L RGA
6. Black coating of NextTorr pump
HgO-
vacuum tube 7. Integrate e-gun g0-oven
4 UV-t Cu-pinch-off
L an rap Neon leak-valve
2xUHV valve

8.E-beam welding
windows to tube

!

9. UHV grade
cleaning of tube

10. Assembly
vauum tube with
UV-and MW-ion

trap

11.Assemble tube
with pump station

12.Vacuum bake-out

13. C-field coils

14. Magnetic shields

l 15. Microwave antenna —»l 16. Integrate EBB ‘

Optics package

Functional test

Electronics package
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Vacuum package (1+I11) bakeout

= Vacuum tube mounted on “pump-station”

RGA resisual gas analyzer
NexTorr pump (NEG + IP)

HgO oven (mercury oxide oven)
Neon variable leak-valve
Pinch-off copper tube

= Bake-out and NEG activation
= 200°C bake-out, 3 days

Day 3: NEG activated by resistive heater (400°C, 1 hour)

Industrialization path:

= Bake-out tube at 400°C in guard vacuum oven (double-vacuum)
= NEG is placed directly into vacuum tube

= NEG is activated at the peak of the bake-out (450°C)
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Optical package assembly flow (I)

1. Lens/Mirror Za. Mirror 33 UV lens 4 PMT 5. Hg lamp Ba. Hg-bulbs
mech. support substrates rocurement procurement mechanical
procurement procurament P Y " parts procurement
fabrication *.
bb. Sapphire
coating
2b. Dichroic + | [ 3b. Lens AR !
AR coating coating &c. Hg/Ar fill
and pinch-off
|
7. Assemble [W-ed

8. Assemble optical =
o QUEDUT arm

He-lamp Ly
H

Hg-lamp
electrancis

. Assemble optical
input arm

10. Integrate optics package and
vacuum tube

Optical input arm Optical output arm
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Optical package assembly flow (Il)

Optical input arm Optical output arm

Bi-convex UV imaging lens
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Define analog 1/0

Define digital I/O

Electronics package assembly

.

Develop Software
for SbRIO card

Manufacture EP
control PCB cards
(100x160mm)

Procure
interface cables/
connectors

Manufacture PP
interface PCB cards
(custom size)

Develop software
for PC user-
interface/control

Labview SbRIO
FPGA + uController

19"/3U rack-frame

FITTTTITIITTT

Integrate in 3U
racks and insert in
19" rack-frame

Egun-driver

Microwave
chain

Hg-lamp driver

Physics Package

40.5 GHz chain

Awiliary N
powesupply
((ELyb:

onycit

HV QP-trap E-gun driver
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Chapter 04

Functional test of sub-systems
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PRECISION MICROFLAT

Functional test of e-gun (I) B

«— LaB, SINGLE CRYSTAL
CARBON FERRULE

CARBON HEATER ROD
CERAMIC
‘///////—SU&BASE

‘ [BASE

~€—BASE PIN

.

= LaB6 cathode
= Adapted for low beam energy (~60eV)
Adapted for low beam current (~10 uA)

Lifetime predictable (theory)
= Crystal evaporation rate well studied
= Crystal size can be selected for lifetime spec.

US supplier, but EU supplier available
No space heritage (except DSAC mission, 2 year LEO)

T PL
o

-
HEATING CURRENT FLOW

= Custom egun
= No COTS part identified
= STT engaged in custom development with US supplier
= Long (3+ year) development cycle
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Functional test of e-gun (Il) -

[ g
<
= Test parameters =
Gy
= Vg : Beam current (uA) N =
= V¢ : Beam energy (eV) iore
\T....T......:
=V, : Beam focus (V) T
= Vi : Beam on/off (V) (e
|
Results Egun Vl-curve, Eb=60eV, Vgrid=3V Egun emission, Eb=60eV, Vs=2.4V, Is = 1.33A
v'Vl-curve "
12
v Egun emission B 0
£ = 60
v/ Beam focus g § =
R £
v'Beam on/off T
0.2
0 B
0 05 1 15 2 25 3 o 2 4 6 8 10 12 14 16

Vsource (V)

Vgrid (V)
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HgO powder (orange)

Functional test of HgO oven

.

= HgO oven parameters
= Few mg of ¥?HgO (>90% isotopic)
= Thermal decomposition of oxide:
= 2HgO -> 2Hg + 02 (>200°C)
= QOven test done with natural isotope mix

= Results
= Old design with pyrex finger (OK)
= New design with 304-steel (not ok)
= Too high out-gassing rate from steel

199Hg isotope
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Functional test Hg - Iamp e Lamp Hg-2, Vice = 15V e Lamp Hg-2, cooled with fan
L

o] [~ Tlamp| P [l I M
125 e 14— = ve=19v P
—_ - & =121 2 - -
© 730+ / g e
= New lamp bulbs developed : 3]
L7254 3 o8
= Old: Heraeus fused silica . " s
= New: Suprasil 310 (very clean SiO2) N
" 02
|| Back-fi"ing e 100 g 250( N 300 100 200 300
-lamp (m I-lamp (mA)
= Few mg 2%?Hg isotope (>90% pure)
70000 - 70000 = =
= Few mbar Argon 50000 | —— Lamp Hg-2, Vee=19V, 1=300mA)| Lamp Hg-2, Vcc;;jv' 1=300 mA
254 60000 - 194
= Lamp parameters
. . 40000
= Oscillator frequency (125 MHz) fixed £ ] 2 ™
. Q 30000+
= Oscillator power (or DC current) ° 2] N
= Lamp bulb temperature TP e | I
-10000 T T T T T 1 1 T T T T T 1
180 200 220 240 260 280 300 180 200 220 240 260 280 300
Wavelength [nm] Wavelength [nm]

exposure = 8 ms

exposure =400 ms
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Functional test Dichroic mirror

.

= Custom development with supplier
* HR @194 nm
= HT @254 nm

u H ig h 1 94/2 5 4 rat i o 190 210 230 250 270 280 310 330 350 370 350 410 430 450
. . — aasgo-pEliEgleneth I0M)igen o pasy
= Direct measurement by supplier o

Reflectance (3:)

. 60000 -
- h Hg-lam | |
TeSt Wlt H g a p ——Lamp Hg-2, Vcc=17V, I=150mA, exposure = 15ms, Dichroic mirror+lens
50000 4
40000
™ 194 nm
‘@ 30000 4
5 l 254/ nm
Q
© 20000
10000 J
NV LU J@L
180 195 210 225 240 255 270 285 300 315 330 345

Wavelength (nm)
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Functional test 40.5 GHz MW chain g &

» 15 &
oo S S & &
R 3 S
» 5 multiplication stages (x675) from 5 MHz to 3.375 GHz r X F—b—%—‘?ﬁm
» NLTL multiplication stage (x12) from 3.375 GHz to 40.5 GHz )
<>
* PM modulation at 7.3xxx MHz (@75 MHz carrier) Gg" ER S »
O S S 09 &
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Functional test 40.5 GHz MW chain (Il)

— NLTL-6026

Input: 3.375 GHz/16 dBm 40.5 GHz out- vs input power

P A 0
I3

= Results
v" Characterization of NLTL
v’ 5 stage multiplication
v PM modulation
v' Spectral purity and power

Amplitude (dBm)
I

Qutput power (dBm)
&

100 L L L L L L L L .38

0 5 10 15 20 25 30 35 40 45 12 13 14 15 16 17
Frequency (GHz) Input power (dBm)
-20 T T 2 T L p— 20 . ; ; . . -30 H 30 T T T T
- without mod. —— Hilke' H
Phase mod.: 7.348MHz/-24.90Bm —— H H
0 g 245 wb i 40.507347xxx GHz
-34 H H
40 -50 | : :
~ - -55
£ = 60
& & &
g g 0r-64 S ot
g g o
% g 0 2
3 = 5 T
£ S 80 z
<< < -90 +
-90
-100 100
...............
-110 -110 |-
120 I L | ) | | | I L -120 I I ) "
4045 4046 4047 4048 4049 405 4051 4052 4053 40.54 40.55 4045 4046 40.47 4048 4049 405 4051 4052 4053 40.54 4055 40.5072 40,5073 40.5074 40.5075 40.5076 40.5077 40.5078
Frequency (GHz) Frequency (GHz) Frequency (GHz)
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Chapter 05
EBB integration and blocking point
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EBB integration summary

Step Description Checkpoint OK Remarks
N° /NOK

<— QP ion trapping check

6.1 Connect resonance detection circuit

6.2 Set e-gun parameters

6.3 Set initially ion trap parameters:

6.4 Detect the presence of Hg+ in ion trap by: electronic OK
1) slowly ramping Vrf amplitude resonance
2) observe “dip” in external signal at 70 kHz due to resonant signal from
excitation of trapped ion-motion. trapped ions

Signal search and optimization (step 2):

Ogtical fluorescencgdetection step2) ¢ |On tra p ﬂ uorescence CheCk
5 Set working points of Hg lamp and oscillator
9.2 Record the fluorescence from trapped ions. Fluorescence| NOK Saturation of PMT detector
signal from
trapped ions

33 R&D / STT / 06.02.2025

This document and the information therein are the property of Safran. They must not be copied or communicated to a third party without the prior written authorization of Safran
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Step 6 - LC resonance detection of trapped ions (1)

= Simulate trapping parameters to get 70 kHz secular trap frequency

lon Electrode Electrode to Ve [V] Vop [V] firap fsecular Depth
radius [mm] | center [mm] | (symmetric) (asymmetric) [kHz] [kHz] [eV]
B1Xe+ 0.75 6 132 264 625 70 1.3
199Hg+ 0.75 6 201 402 625 70 1.9
o /—_ﬁ\ \ sf ---- oy ai N L
: y 4 b ‘l\\. f"; / \
: A 03 O\
;. / \ \ '\‘
21_- { \I \\. 9
1 | J E \ / ‘
3 y i \ / %
3 A 1 N\ L
4 b O O y \ / {
e v / |
3 _ o N A ! |
The QP ion trap cross-section view. lon trap potential Secular trap frequency
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Step 6 - LC resonance detection of trapped ions (il)

= Connect LC resonance across pair of electrodes
= Tune LC resonance to 70 kHz

= Measure peak amplitude (lock-in)

| —=— Lockin-signal [V] |

© ¢ 76

Vtrap (Scan) fLC (le)

1.00

0.00 4 T T T T T T T T T
58 60 62 64 66 68 70 72 74 76 78 80 82

Frequency [kHz]
Schematic of LC resonance detection

LC resonance PCB and signal
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Step 6 - LC resonance detection of trapped ions (l11)

= Back-fill Xenon or Hg (heat HgO oven)
= Scan peak-peak amplitude across ion trap electrodes (around simulated value)
= Record the LC resonance peak amplitude (flat = no ions trapped, dip = trapped ions)

LC-Resconance with Xenon, Double QP trap

1.15

0.65 —— Hg LC-resonance, p=1.7E-11 mbar, HgO=275°C \
110
0.60 ey

1.05
— 0.55 1
=,
5 1.00 4 = [t go.so-
o T i g
9 .95 Xenon pressure: j 2 045
'_% 2E-11 mbar i Parameters: 2 Amp=10mVrms (+20dBatt)
3 - 4E-11 mbar T SR A £ Seme = 10mV
21 0.904 2 L1 Egun =7 uA g 040 tau = 5 ms

—— B6E-11 mbar ] 1,( i sens = Smy 3 Vo = A0V [
0.85 8E-11 mbar s ;amu;: gg‘r:\lrms 0.35 Egun = 6uA, 1006V, 5Vg |
- 1E-10 mbar = (20 dB att) IPon
0.30
080 - . T T T T T
240 20 280 300 420 430 440 450 260
Vac [Vepl 18/02/2022 Vac [Vpp] 05/04/2022 17:52:51
LC-signal dip from trapped Xe+ LC resonance dip from trapped '9°Hg+
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Step 9 - optical fluorescence detection of trapped ions

5
&

M1
Hg plasma lamp
(194nm/254nm = 2:100)

= Schematic of optical fluorescence detection

= The clock signal-to-noise ratio SNR on PMT detector:
= Signal counts (S) from optical fluorescence (blue rays)
= Background noise counts (B) from scattered stray-light (red rays)

= Blocking point 1V
= STT observed saturation of PMT detector (B> 1E6 counts per second)

. Light trap

= Root-cause analysis and mitigation actions "
= Poor light-trap design ol AEE R | |
= Spherical aberration b AN
= Source position USRI | “‘
= Ghost reflections

i 1 1l

T T
72 ! \.‘

= Use ray-trace simulation for analysis (next slides)

PMT counter [kec/s]

70— fﬁ e
ot N
(- iaai R4T3] EERE] ERERI| B
5 43 2401 2 3 45
il Frequency [Hz] (+40.507347997 GHz)
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Poor light trap design

= Light trap target design
= Goal to reduce stray background counts (B)
= Target attenuation ~ 60 dB

= No black coating close to ion trap
= Strong scattering of UV photons onto PMT oy

(on inside wall)

No Acktar coating
(on inside wall)

QP ion trap with
ion cloud

Plasma lamp bulb \,. ‘ %\ Focusing UV lens
Rectangular source slit / Dichroic Mirror
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Spherical aberration

= Focus with biconvex lens
= Two spherical surfaces
= 1.1 image of aperture slit onto ion-cloud

= Spherical aberration
= Rays close to optical axis focus 1:1 image

= Rays far from optical axis have shorter
focus

= Stray light scattering

= Spherical aberration (right) leads to
scattering from un-coated part of tube

= Strong scattering of UV photons onto PMT

S SAFRAN



Source position on aperture slit

.

= Rectangular source slit
= Goal to image slit 1:1 onto ion-cloud

= Change source position
= Ray-trace simulation with +/-1 mm from slit center
= Beam is again scattering off un-coated part of tube
= Leads again to scattering of UV photons onto PMT
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Ghost reflection (left spot)

Ghost reflection /

= Ghost reflection

= Fresnel scattering from back-side of mirror
= BK7 mirror substrate
= 100% absorption of 254 nm _I
= But transmission at other lamp lines (313 nm, 365 nm, ..) source;bne(sm
= Simple calculation gives reflection R=5%

= Ghost reflection scattering
= Direct scattering inside vacuum tube
= Leads again to scattering of UV photons onto PMT

Scattered light from the ghost-reflection

Uncoated Vacuum tube

lon cloud

source (|3Iane (slit) .
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Chapter 06

Conclusion and lessons learned
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Lessons learned

.

= Light trap design
= Light trap shall be as close to QP trap as possible
= Trade-off: attenuation vs. perturbation
= New design with optimized light trap

= Spherical aberration
= New design will use aspheric lenses
= Bi-concave lens replaced with two plano-convex lenses

= Source slit position

|
|
{ {
re }
038 ! / [
07 | ‘
' ! ! !
I [ i
| | |
| |
|
|

= New light trap design eliminates this source of stray light

= Ghost reflections
= Mirror substrate BK7 eliminates only 254 nm

internal transmittance

= New mirror substrate RG850 eliminates all ghost reflection otd
0,001 / ‘
ES — |
200 300 400 500 600 700 800 900 1000 1100 1200

wavelength in nm
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Conclusion

= New development of compact MIC physics package (vacuum- and optical package)
= Compact titanium vacuum tube
= Weldable sapphire window flanges
= Double QP ion-trap design
= Compact custom e-gun
= Suprasil lamp bulbs
= Custom dichroic filter mirrors

» Project blocked by poor SNR

* Root-cause analysis (optical simulation) identified several issues:
= Poor light trap design
= Spherical aberration
= Slit position
= Ghost reflections
= Lessons learned (and already being implemented in new projects)
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Conclusion

= TRL assessment
= TRL3 -> TRL4

= De-risking of critical items
= Several critical items need de-risking activity:

= Mercury plasma lamp lifetime and reliability
= Vacuum tube lifetime

= Hg consumption
= Ne consumption
= Enclosure of optical input arm to avoid UV-induced pollution of optical surfaces
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