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Report	on	the	first	hands-on	training	at	JYFL:	

MIVOC	method	for	the	production	of	metal	ion	beams	

	
Date:	5-9th	December	2016	

Participants:	Z.	Perduk	(ATOMKI),	J.	Mäder	(GSI),	P.	Patchakui	(GSI),	J.	Jacob	(LPSC),	A.	Megia	(UCLM),	D.	
Cortazar	(UCLM),	V.	Metayer	(GANIL).	

Organizing	staff:	H.	Koivisto,	R.	Seppälä.	

	

1.	Introduction:	

Two	MIVOC	hands-on	trainings	were	carried	out	during	5-9th	December,	2016,	by	 following	
the	schedule	shown	at	the	end	of	the	report.	The	first	training	started	on	Monday	morning	at	8:30	
and	 ended	 on	Wednesday	 12:30.	 The	 second	 training	 started	 on	Wednesday	 after	 the	 lunch	 and	
ended	on	Friday	high	noon.	As	an	outcome,	7	participants	were	successfully	trained	for	the	use	of	the	
MIVOC	method	during	the	training	week.	
	
2.	Progress	of	the	MIVOC	hands-on	training:		

The	training	was	divided	in	3	sections:	
1) Presentation	of	background	and	relevant	parameters	
2) Training	for	safety	handling	and	storing	of	chemical	substances	
3) Practical	training	

	
2.1. Presentation	of	background	

The	 training	 was	 started	 by	 presentation	 “MIVOC	 method”.	 The	 presentation	 is	 available	 on	 the	
ENSAR2/MIDAS	website:		

https://webapps.jyu.fi/wiki/display/ensar2/Training+workshop+on+MIVOC+method+and+hi
ghly+charged+plasma+diagnostics	

	

This	section	covered	the	background	for	the	production	of	metal	 ion	beams,	critical	parameters	for	
the	operation	of	MIVOC	method	and	safety	use	of	the	method.	In	the	first	part	of	the	presentation	
the	main	methods	 for	 the	 production	 of	metal	 ion	 beams	were	 presented.	 This	 covered	 different	
evaporating	ovens,	sputter	method	and	short	introduction	to	MIVOC	method.	The	main	parameters	
affecting	the	use	of	sputter	technology,	the	oven	design	and	operation	were	given.	

	
As	a	next	 step	 the	crucial	parameters	affecting	 the	use	of	MIVOC	method	were	highlighted.	 It	was	
emphasized	 that	 the	 conductance	 of	 vapor	 transport	 line	 between	 the	 MIVOC	 chamber	 and	 ion	
source	plasma	has	to	exceed	the	material	consumption	rate	needed	for	the	production	of	intensive,	
highly	 charged	 ion	 beams.	 The	 equations	 to	 define	 this	 critical	 conductance	 value	were	 given	 and	
justified	during	the	presentation.	

In	the	last	part	of	presentation	the	trainees	were	educated	to	find	information	about	the	safety	use	
and	 storage	 of	 chemical	 substance.	 The	 registration	 of	 chemical	 substances	 (CAS	 identification	
number)	 and	 corresponding	 database	 is	 maintained	 American	 Chemical	 Society.	 Using	 the	 CAS	
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number	 or	 the	 name	 of	 compound	 the	 Material	 Safety	 Data	 Sheet	 (MSDS)	 can	 be	 found	 easily.		
During	 the	presentation	 the	most	 relevant	 information	needed	 for	 the	 safety	was	 highlighted.	 For	
example	the	potential	acute	and	chronic	health	effects	and	first	aid	instructions	has	to	be	known.	The	
MSDS	gives	also	the	exposure	limits	for	substances.	It	is	important	to	know	the	TWA	and	CEIL	values	
in	order	to	justify	the	risk	of	each	material.	For	example	in	the	case	of	Ferrocene	the	following	values	
are	given:	TWA:	10,	CEIL:20.	TWA	means	that	the	time	average	airborne	concentration	of	Ferrocene	
during	 the	 8	 hour	working	day	 should	not	 exceed	 the	 value	of	 10	mg/m3.	 CEIL	 20	means	 that	 the	
airborne	concentration	should	not	exceed	the	value	of	20	mg/m3	at	any	time	during	the	workday.	It	
is	of	great	importance	that	the	given	values	will	be	respected.	Active	discussion	during	the	course	of	
presentation	was	experiences.	

	
2.2. Safety	training	

In	 the	 safety	 training	 the	 trainees	 were	 familiarized	 with	 the	 use	 of	 clove	 box,	 safety	 loading	 of	
MIVOC	 chamber,	 weighting	 of	 sample	 and	 storage	 of	 substances.	 Our	 chemist,	 R.	 Seppälä,	 was	
responsible	for	this	part	of	the	training.	At	the	end	of	the	safe	loading	procedure	of	sample	its	quality	
was	 checked	 with	 the	 residual	 gas	 analyzer	 (RGA).	 The	 analyzer	 spectrum	 showed	 Ferrocene	
molecule,	 its	dissociation	products	and	the	amount	of	water.	In	the	case	of	high	quality	sample	the	
Ferrocene	 related	peaks	 clearly	dominates	 the	 spectrum.	Note:	 In	 the	 case	of	 the	 first	 sample	 the	
water	peak	dominated	at	the	beginning.	The	other	sample	was	dry.	 	After	this	checking	the	MIVOC	
chamber	was	connected	to	the	ECR	ion	source	and	production	of	metal	ion	beam	was	started.	Figure	
1	 shows	 the	 RGA	 spectrum,	 when	 the	 MIVOC	 chamber	 containing	 about	 1	 g	 of	 Ferrocene	 was	
connected	to	the	analyzer.	

	

	

Figure	 1:	 RGA	 spectrum	 showing	 Ferrocene	 molecule	 (mass	 186),	 its	 dissociation	 products	 (like	
54,56,57Fe)	and	a	weak	water	signal	(mass	18).	

	

2.3. 	Practical	training	

The	work	to	start	the	beam	production	continued	as	follows:	

- The	MIVOC	chamber	containing	Ferrocene	was	disconnected	from	the	residual	gas	analyzer	
and	 was	 then	 connected	 to	 the	 JYFL	 6.4	 GHz	 ECRIS	 (see	 Figure	 2).	 The	 residual	 gas	 was	
evacuated	by	pre-pump	and	gas	dozing	valve	to	ECRIS	was	subsequently	opened.	

54,55,56Fe	
54,55,56Fe(C5H5)	

54,55,56Fe(C5H5)2	
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- Training	for	the	operation	of	the	JYFL	6.4	GHZ	ECRIS	was	given.	
- The	ECRIS	was	prepared	for	the	experiment.	The	MIVOC	dozing	valve	was	opened	further	to	

make	an	adequate	vapor	flow	possible.	

	

NOTE:	During	 the	previous	week	 the	 current	power	 supply	of	 the	 first	 focusing	 solenoid	broke	
down.	The	power	 supply	was	 replaced	by	a	 spare	unit,	which	had	 the	 focusing	power	of	50	%	
compared	to	the	original	one.	As	a	result	of	this,	all	peaks	having	the	q/M	ratio	less	than	0.2	had	
a	poor	resolution	(wide	peaks).	This	can	be	seen	in	Figure	3.	

- The	plasma	was	ignited	and	the	q/M	spectrum	was	measured	and	analyzed.	It	was	commonly	
accepted	 that	 the	 ion	 source	 should	be	optimized	 for	 Fe10+	 ion	beam.	At	 this	phase	a	new	
problem	was	faced:	the	plasma	didn’t	accept	the	normal	amount	of	microwave	power.	The	
reflected	microwave	power	increased	vigorously	as	a	function	of	forward	microwave	power	
(≈	power	transmitted	from	the	klystron).	In	the	case	of	µw-power	of	<	100	W	(injected	from	
klystron)	the	reflected	power	was	 less	than	10	%	but	at	t	he	power	of	250	W	the	reflected	
power	exceeded	25	%.	 It	was	expected	 that	 for	 some	 reason	we	 ignited	plasma	 inside	 the	
waveguide.	The	training	schedule	didn’t	allow	the	venting	of	the	ECRIS	to	study	the	problem	
in	 more	 detail.	 The	 problem	 didn’t	 affect	 the	 training	 otherwise	 than	 abnormally	 low	
intensities	 of	 iron	 ion	 beams	 were	 obtained	 (beam	 intensity	 lower	 by	 factor	 >	 2).	 This	
problem	caused	the	delay	of	about	4	hours	in	the	case	of	the	first	training	group.	In	the	case	
of	the	second	group	the	lower	performance	of	the	JYFL	6.4	GHz	ECRIS	was	accepted	and	no	
time	was	wasted	to	restore	the	normal	ion	source	performance.	

	

	
Figure	2:	MIVOC	chamber	connected	to	the	JYFL	6.4	GHz	ECRIS.	
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Figure	3:	Iron	spectrum	produced	by	using	MIVOC	method	with	the	JYFL	6.4	GHz	ECRIS.	

3.	Discussion	about	the	new	18	GHz	ECRIS:	HIISI	

After	 the	 practical	 training	 a	 short	 summary	 discussion	 was	 performed.	 As	 a	 next	 step	 the	
discussion	focused	on	the	18	GHz	ECRIS	under	construction	at	JYFL.	A	lot	of	interest	was	paid	on	the	
unique	insulated	permanent	magnet	solution	and	the	cooling	of	the	plasma	chamber.	Different	heat	
loads	of	the	permanent	magnets	and	mechanical	limitations	of	present	configuration	were	explained.	

	

	 	

��������������

	
���������������

�

��

��

��

��

��

��

��

��

�
�
�
�
��
�
��
�
�
��
��
�
�

�������������������

������
���
� ���!�

!����"
���

Fe10+ 

Fe11+ 

C2+ 

Fe9+ 

O3+ 

Fe12+ 
N3+ 

O2+ 

Fe7+ 

N2+ 

Fe8+ 

C3+ 

O4+ 

O5+ 

C4+ 

Fe13+ 

Fe spectrum: 9th Dec. 2016 
Fe10+: 21 µA 
Pµw: 240 W, Pref: 50 W 
Pinj: 8.1E-7 mbar 
Vacc=10 kV, Idrain:1.2 mA 
Veinzel: 5.6 kV (0 mA) 
Coils: 
1: 185 A 
2: 215 A 
3: 248 A 
4: 220 A 
Vbd: -55 V 
Mixing gas: O2 
MIVOC valve: 550 
Start: 9:10 
Beam ready: 9:50 
Operators: Ana, Daniel, Vincent  
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Hands-on-training: First MIVOC training 
 
Monday 5.12.2016 
8:30-9:45 Introduction to production of metal ion beams 
9:45-10:00 Coffee break 
10:00-11:30 Introduction to MIVOC method, operation principle, safety  

handling of chemicals (theory). 
11:30-12:30 Handling of chemicals, loading the MIVOC chamber 
12:30-13:30 Lunch break 
13:30-15:00 Connecting the MIVOC chamber to JYFL 6.4 GHz ECRIS 
15:00-15:15 Coffee break 
15:15-17:15 Training for the use of JYFL 6.4 GHz ECRIS. First MIVOC beam, 

beam analysis 
 
Tuesday 6.12.2016 
8:30-9:45 Production of Fe ion beam using MIVOC 
9:45-10:00 Coffee break 
10:00-12:30 Production of Fe ion beam using MIVOC continues 
12:30-13:30 Lunch break 
13:30-15:00 Optimizing the ion source tuning, spectrum analysis 
15:00-15:15 Coffee break 
15:15-16:00 End of the experiment. Discussion 
 
Wednesday 7.12.2016 
8:30-9:45 Turn ON the ECRIS, produce the Fe beam (action) 
9:45.10:00 Coffee break 
10:00-11:00 JYFL miniature oven/oven structure 
11:00-12:00 Discussion (end of training) 
12:00-13:00 Lunch break 
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Hands-on-training: Second MIVOC training 
 
Wednesday 7.12.2016 
13:30-14:45 Introduction to production of metal ion beams 
14:45-15:00 Coffee break 
14:45-16:00 Handling of chemicals, loading the MIVOC chamber 
16:00-17:30 Introduction to MIVOC method, operation principle, safety  

handling of chemicals (theory). 
 
Thursday 8.12.2016 
8:30-10:00 Connecting the MIVOC chamber to JYFL 6.4 GHz ECRIS 
10:00-10:15 Coffee break 
10:15-12:15 Training for the use of JYFL 6.4 GHz ECRIS. First MIVOC beam, 

beam analysis 
12:15-13:15 Lunch break 
13:15-14:30 Production of Fe ion beam using MIVOC 
14:30-14:45 Coffee break 
14:45-16:00 Production of Fe ion beam using MIVOC continues 
 
Friday 9.12.2016 
8:30-9:45 Optimizing the ion source tuning, spectrum analysis 
9:45-10:00 Coffee break 
10:00-11:00 End of experiment (turn OFF the ion source), discussion  
11:00-12:00 Turn on the ECRIS, produce the Fe beam (action) 
12:00-13:00 Lunch break 
13:00-14:00 JYFL miniature oven/oven structure 
14:00-16:00 Discussion (end of training) 


