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Novel	μRWELL	tests:	York	Long	Chamber

● York	Long	Chamber:	Time	projection	chamber	(TPC)	
with	planar	geometry	

● Detector	dimensions:	150mm	x	480mm	x	120mm	
● Distance	between	cathode	and	μRWELL	surface	(drift	

gap):	30mm	
● μRWELL	active	area	dimensions:	35mm	x	251.85mm	;	

μRWELL	overall	dimensions:	336mm	x	80mm;	Foil	
thickness:	0.2mm	

● Anode	is	segmented	into	60	pads	of	width	4.2	mm	
● Designed	to	test	MPGDs	and	electronics	for	TACTIC	

(TRIUMF	Annular	Chamber	for	Tracking	and	
Identification	of	Charged	particles)	

Goals:	
● Gain	measurement	in	different	gases	(Ar:CH4,	He:CO2,	

isobutane).	High	gas	gain	(~103)	is	required	in	order	to	
detect	light	reaction	products	(alphas	and	protons).	
Single	GEM	gas	gain	was	too	low	for	this	purpose.	

● Estimation	of	lateral	structural	gain	variation	is	required	
to	improve	energy	calibration.

Fig	1.	York	Long	Chamber	schematic
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Fig 3. µRWELL schematic 
Ref: G. Bencivenni et al 2015 JINST 10 P02008 



Novel	μRWELL	tests:	York	Long	Chamber

Summary:	

● Gas	gain	and	resolution	studies	in	various	gas	
mixtures	were	performed,	e.g.	P-10	(Ar:CH4),	Ar:CO2	and	He:CO2	

● Sources	used:	Spectroscopic	3-α	and	Fe-55	X-ray	source	
● Maximum	gas	gain	observed	in	Ar:CH4	and	He:CO2	~	7x103	
● In	Ar:CO2	gas	mixture,	at	gas	gain	~	103	an	energy	resolution	of	~	33%	was	

estimated	by	fitting	the	main	photo-peak	
● Studies	of	“charging-up”	effect,	pressure	and	quench	gas	percentage	

dependence	of	gas	gain	have	been	conducted

Gas gain plot in Ar:CO2 
Ref: G. Bencivenni et al 2015 JINST 10 P02008

York	Long	Chamber	gas	gain	plots	
P10	(Ar:CH4)	@	1	bar	
P10	(Ar:CH4)		@	1	bar		
He:CO2	(97:3)	@	1	bar	
He:CO2	(90:10)	@	1	bar

York	Long	
Chamber	tests	
55Fe	spectrum	in	
He:CO2	(90:10)

York	Long	
Chamber	tests	
55Fe	spectrum	in	
P10	(Ar:CH4)
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Novel	μRWELL	tests:	TACTIC

● TACTIC:	Active-target	time	projection	chamber	(TPC)	
with	cylindrical	geometry	designed	to	study	nuclear	
reactions	with	astrophysical	significance	

● Aims	at	efficient	small	reaction	cross-section	
measurements	at	low	energies	

● Uses	novel	μRWELLs	in	a	curved	cylindrical	
geometry	as	the	gas	amplification	stage	for	detection	of	
various	reactions	products	of	interest	with	a	range	of	
energies	(tens	of	keV	to	few	MeV)	

● Total	length	of	detection	region	(shaded	yellow):	251.9	
mm	and	radius:	53	mm	

● 480	anode	pads	for	tracking	the	reaction	products	
divided	into	8	sectors	(60	pads/sector)		

● μRWELLs	are	currently	installed	inside	and	stable	beam	
tests	were	conducted	at	TRIUMF	during	July	2022.	

Fig	4.	TACTIC	schematic

Fig	5.	TACTIC	during	beam	tests	at	TRIUMF	(July	2022) Fig	6	&	7.	μRWELL	in	the	curved	
geometry	(TACTIC)



Novel	μRWELL	tests:	TACTIC

Fig	8.	Part	of	a	typical	charged	particle	track	in	TACTIC.	
Energy	deposition	(ADC	equivalent)	per	pad	increases.	
Recorded	during	the	beam	tests	during	July	2022.

TACTIC	source	tests	
55Fe	spectrum	in	
He:CO2	(90:10)



Summary

● Gains	in	the	order	of	~	7x103	was	measured	in	Ar:CH4	and	He:CO2	gas	mixtures.	

● Resolution	study	was	performed	by	using	Fe-55	source.	A	resolution	of	~	32%	@FWHM	in	
He:CO2	gas	mixture	was	achieved.	

● Preliminary	charging-up	effect	study	was	performed	in	He:CO2	gas	mixture.	Detailed	study	will	
be	performed	in	the	future	using	stable	beam	in	curved	geometry.	

● μRWELL	GEMs	are	installed	inside	TACTIC.	First	μRWELL	studies	in	a	curved	cylindrical	
geometry	are	being	performed.



In addition, Czochralski wafers are of lower cost than
float-zone wafers. We then introduce phosphorus doping by
thermal diffusion using a solid planar diffusion source (PH-
1025, Saint-Gobain). Phosphorus and p-type wafers were
chosen because boron as a dopant source for n-type wafers
would have required additional processing steps for the
removal of the borosilicate glass layer (also referred to as
boron skin) and hence would have increased the risk factors
for wafer breakages during processing. The source wafer is
placed immediately adjacent and parallel to the 300 p-type sil-
icon wafers, and the doping step is carried out at 1025 !C in
an N2 atmosphere for 60 min. After unloading, the excess
glass which forms during the doping process is removed
from the silicon wafers by HF processing. This is followed
by the deposition of a 200 nm thick aluminum layer on both
sides of the wafer (MANTIS HEXVR thermal evaporation sys-
tem). The coating serves both as an electrical contact and as
an optical blocking filter to remove daylight sensitivity of
the produced detector. Using Monte-Carlo type simulations

(GEANT4VR , Fig. 2),10 we have determined that the energy
loss of alpha-particles is negligible for this thickness of alu-
minum, which in turn completely blocks optical photons,
thereby minimizing background noise.

The fabrication process requires additional steps to
improve the detector’s performance. These include thermally
growing a 500 nm thick layer of sacrificial oxide on the
wafers before starting the doping process in order to remove
damaged surface regions and contamination.11 The thermal
oxide is also used as a doping barrier on the back side of the
wafer in order to ensure that only a single pn-junction is
formed. A film of organic lacquer (LacomitV

R

varnish) was
used to protect the oxide when opening the window for dop-
ing. LacomitV

R

is a cheap, air-drying, and acetone-soluble
resin. Finally, RCA cleans were performed prior to each
high-temperature processing step.

Alpha-particles from 239Pu have a typical kinetic energy
of 5.1 MeV, corresponding to a Bragg peak around 22 lm
deep in silicon.12 Therefore, the vast majority of free charge
carriers will be created within the first 20 lm by the ioniza-
tion of the silicon atoms, and so, the thickness of 50 lm of
the wafer is sufficient to fully absorb even the highest energy
alpha-particles. At the same time, the low wafer thickness
and low background doping (8" 1014 cm#3) ensure that the
generated electron-hole pairs can easily diffuse into the
depletion layer and generate a current before recombining.13

Hence, while the 50 lm thickness was initially chosen for its
mechanical flexibility, it is also favorable for alpha-detector
operation.

We determined a pn-junction depth of ca. 2.5 lm via a
thickness measurement of phosphosilicate glass on the doped
wafers. The junction depth is then read-off from the data-
sheet of the planar diffusion source (PH-1025, Saint
Gobain). Here, a glass layer of 100 nm was found using a
bespoke ellipsometer.

Since the doping concentrations largely differ from each
other, the depletion region of the pn-junction extends pre-
dominantly into the low doped side and can thus be deter-
mined by the resistivity q of the substrate wafers. Here,
using a four-point probe measurement, we found a sheet
resistance of 4 kX/! and hence a resistivity of 4 kX" 50 lm
$ 20 X cm. Assuming a built-in voltage of Vb% 0.5 V and a
typical hole mobility of 400 cm2/Vs in Si, with the dielectric
constant e% 1 pF/cm, the depletion width w becomes2

FIG. 1. Crystalline silicon wafers become flexible at ca. 70 lm thickness.
Accordingly, they can be bent to be used for screening the inner surface of a
200 diameter pipe for alpha-contamination and can be mounted on an elastic
inspection gauge.

FIG. 2. GEANT4 model for a Si detector in an alpha-contaminated steel pipe (left hand side).10 Alpha-particle tracks in air are indicated as green dashed lines.
The model was created to understand the effect of the Si contact material and thickness, as well as the effect on detection efficiency from air gap between the
detector and 239Pu. If the aluminum on the top face of the detector is less than 1 lm in thickness, it does not significantly affect the detection efficiency because
the energy loss of alpha-particles remains negligible, as shown in the graph on the right. While 50% of alpha-particles are absorbed by the pipe wall, 10% will
miss or reach the detector at a grazing angle, such that only 40% of alpha-particles remain detectable at best.
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On the other hand, the depletion layer thickness can also be
estimated from the measured capacitance of 10 nF/cm2,

w ! e
A

C
" 1 pF=cm$ 1 cm2

10 000 pF
! 1 lm; (2)

which agrees well with the above calculation.
Multiple 30$ 10 mm2 samples were then cleaved from

flexible silicon wafers with different background doping lev-
els (as discussed in the following) and mounted onto a 200

pipeline inspection gauge. The current-voltage characteris-
tics of the mounted devices confirm the excellent pn-
junction characteristics as shown in Fig. 3.

The initial alpha-particle detection experiments were
conducted with the 20 X cm material. Given the relatively
large detector size and typical capacitance of almost 30 nF,
matching an amplifier to the large capacitance of the device
was essential. Nevertheless, by using a bespoke charge sensi-
tive amplifier—using an effective feedback capacitor and
resistor in parallel to a cheap op-amp (to reduce overall
costs)—5.5 MeV alpha-emission of a 241Am source (40 kBq)
from 3 mm distance was detected with a signal-to-noise ratio
of 4; the distance was chosen for mechanical and operational
reasons such as roughness and welding joints. While further
gain and shaping are provided by subsequent amplifier
stages, one key issue of the design was to find a balance
between the suppression of noise because of the detector’s
high capacitance and the admittance of instabilities because
of the op-amp’s high bandwidth. Therefore, the main prob-
lems faced were due to the large capacitance of the silicon
detector and not the energy deposited in its depletion zone.
This was clearly observed when taking measurements with
small areas. Generally, the signal-to-noise ratio increases
with decreasing capacitance, and it is important to keep
the capacitance low. To this end, we introduced a higher
resistivity (1000 X cm) silicon material. Based on Poisson’s
equation, the depletion width of a pn-junction scales with

the square root of the resistivity [see Eq. (1)], so increasing
the resistivity of the wafer should increase the depletion
width and decrease the capacitance of the device [see
Eq. (2)]. Fig. 4 demonstrates this benefit experimentally.
The measured device capacitance has dropped from almost
10 nF/cm2 to 2 nF/cm2. We also obtained an improvement of
the signal-to-noise ratio from 4 to more than 20, as shown in
the inset of Fig. 4.

Finally, since gamma particles could influence the detec-
tion of alpha radiation, we also simulated the response to
gamma rays at various energies. While the gamma signal gen-
erally scales with the silicon layer thickness or junction deple-
tion width, we found that a 50 lm thin and flexible silicon
detector is very inefficient for such a type of rays; given that it
is so, then it is ideal to be used in a high background environ-
ment. In fact, we could not observe any gamma signal, when
we tested our detector to a high gamma source, such as 60Co,
which is a common activation product in aged nuclear waste.

Overall, we have demonstrated the use of flexible silicon
as a platform for radioactive particle detection. While

FIG. 3. The electrical current density I (in mA/cm2) as a function of the applied voltage (in V) is shown on a log-scale (left figure) for samples of 3 cm2 in size,
which were mounted onto a 200 pipeline inspection gauge consisting of two modules (right figure); the compliance limit was set to 100 mA. Here, the dotted
and solid curves represent detectors fabricated using 20 and 1000 X cm resistive substrates, respectively. The dark currents range from less than 1 nA/cm2 at
0 V to a few lA/cm2 at 5 V. The flat reverse current along with the sharp onset at a forward bias of 0.5 V indicates the high-quality of the pn-junctions. We
anticipate from our GEANT4 simulations that four modules can cover 20 m length of pipe in ca. 60 min, with a minimum detectable activity of 0.4 Bq/cm2.
The simulations were performed by assuming randomly distributed point-like 239Pu sources as the worst-case scenario because larger spots yield a stronger
emission of alpha-particles into the 200 pipe, hence generating a higher detector signal.

FIG. 4. The spectral response of a 30$ 10 mm2 un-biased, flexible silicon
detector (in photovoltaic operation and mounted onto a 200 pipeline inspec-
tion gauge) to 5.5 MeV alpha-particles of a 241Am source with 40 kBq activ-
ity, using a bespoke charge sensitive amplifier circuit, a low-level
discriminator (to reject pulses below 0.7 MeV), and an integration time of
10 min. No shifts in the peak position were observed over a three-week
period, highlighting the excellent repeatability and stability of the sensor
system with a FWHM energy resolution of less than 5%. The signal peaks at
640 mV, compared to a noise floor of 30 mV, resulting in a signal-to-noise
ratio of more than 20 (see the inset). The devices were left unbiased for the
simplicity of design and cost reduction in the amplifier circuit.
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Alphaflex: Flexible silicon detectors for nuclear decommissioning



Flexible silicon for charged particle reaction studies: 

Advantages: 

- Can create true cylindrical geometry or other e.g. conical; tight bending radius possible

- Can strip/pixelate in same way as regular detectors

- Manufacturer in place (SINTEF) willing to produce such sensors

- Sensors could also be used to move the decommissioning project to higher TRL

- Research/industry crossover is attractive


Disadvantages:

- Limited to thickness regime of 30 - 70 um where silicon is flexible

- Still needs a prototyping phase to move to full production

- Impact on electrical properties of such sensors needs study



● Magnetron head sat in bullet shaped chamber with 5mm orifice serving as an exit aperture. Two further 5 mm flat 
plate apertures are placed after this and before the first pump to aerodynamically lens the beam.

● Ar gas is let in through the gas lines which then strike the plasma over the target material which is then sputtered 
by the plasma. 

● Sample chamber contains two linear drives, the sample carousel which is a hexagonal mount for omicron style 
plates. Helios frames can be carbon tabbed to mount

● Quartz crystal microbalance (QCM) also on sample chamber for deposition rate monitoring.
● Quadrupole allows for mass spec to be produced in flight but this is blocked during sample deposition so no 

real-time monitoring is possible but this has removed the “masking” effect we had seen.
● 1000 l/s turbo allows for effective downstream pumping (also where old sample chamber was but is now just 

there for the pumping speed). 

Magnetron head

Schematic of Merlin



Sample details
● Roughly 2 microns thick Cu 

Nanoparticles on 1 micron Al foil 
● Deposition rate ~ 1.5 nms-1 but 

saw as high as 3.0 nms-1 
● 2 foils per sample condition of He 

partial pressure 
● High pressure: 1 x10-3 

mbar 
● Low pressure: 1 x10-4 mbar 



Polarised targets: 

York NPG is collaborating with CHYM based at York


CHYM hyperpolarise molecules e.g. from parahydrogen.

Interest is in high contrast in MRI


Scope to produce hyperpolarised compounds in gas/liquid

phase


Dan Watts already exploring opportunities for J-Lab upgrade

as does not need cryogenic LHe cooling


MRI field ideal for ensuring spin alignment


Relevant to polarised reaction studies??



Potential testbed at York:  

3-T MRI magnet at YNIC available for access


