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a Abstract 
4 

I 
+ b ,  . 

Microstrip gas chambers (MSGC), as a position sensitive radiation detector, have 

attracted intensive attentions since they h;ve been introduced in 1988. Due to their 

. ,promising features such as good position resolution, ekcellent energy resolution, high rate 

capability and moderate cost, MSGCs have become one of the main components for - 
particlt tracking in high energy physics experiments and non destructive testing in other 

industrial and medical applications. It was clear from the beginning that several 
- 

problems remained to be solved before wide spread use of the device. Amqng them, the 

- 
charging up of the insulating subitrate can cause the instabilities of the ~ S G C  system 

. . 
operation. , 

hn accumulation can be eliminated by decreasing the surface resistance of MSG€ , 
4 .  

substrates to the 10" - 10" Wsquare, which is conductive enough tp remove the charge. 

r' 
I 

but resistive enough to maintain the high voltage between anodes and cathodes. In this . 

thesis, a nickel oxide'passivation technique is employed to achieve the desired sheet 

I 
resistance. A thin  layer of nickel oxide is deposited on the top of MSGC prints by DC 

sputtering deposition. It hAs been found ,that introducing oxygen into the sputtering 
? 

chamber plays a critical role in the formation of the nickel oxide layer, and the desired 

sheet resistance can be achieved when the nickel atoms are mostly oxidized in a post 

baking process. b 

# ,  

To understand and control the passivation process. we adopted several'kinds of 

techniques to characterize the sputtering deposition and test the performance of the nickel 



oxide- layer. real tiin; chromatic system, consisting of a color CCD camera and a 

computer, is used to monitor the color variation of plasma, which reflects the interaction 

< 
between oxygen and nickel molecules. 'The measurement results show that the post 

baking process causes the nickel atoms to be oxidized by absorbing oxygen molecules 

externally. The capability of the nickel oxide layer to remove the accumulated ions is 

examined by simulating a high radiation rate with2 scanning e~ectron,microscope. 

A detailed description of the MSGC print fabrication, gas chamber system and the 

x-ray detection is provided in this thesis. With QPAO2 preamplifier; we obiewed the 
b 

5 5 output signal corres'ponding to the x-ray radiation from Fe source.- Additionally. two 

new approaches for microgap chamber print fabrication have also been proposed. 

3 
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Chapter 1 %troduction 
, 

X-ray radiation, conce~ved by Roentgen in 1895, is one of the most significant 
I 

discoveries in the history of physics [ I ] .  Based on their penetrating ab iky .  x-rays have 

' 
been widely applied in medical qnd industrialhdiography to study internal structure and 

detect inner defects of opaque objects. For those non-destructive testing applications in 

more extensive areas. many efforts have been made on improvement of position sensitive 

x-ray detector. 

* 
There exist many kinds of x-ray detectors, such as the ionization chamber, the 

cloud chamber, Geiger-Muller counter, scintillation counter, semiconductor detector, 

multiwire and drift chambers 121: Among them, semiconductor detectors and detectors 
(h 

based on multiwire chamber are able to be built as one or two dimensional detector arrays 

' to acquire spatial information. 

The subject of thc research for this thesis is investigation of the microstrip gas 

chamber ( MSGC ) [3] prints with the aim of eliminating the ion accumulation problem 



. 
using a passivation mating. Study of the MSGC print fabrication process is aimed at ' 

achievement of position sensitive x-ray detector of high spatial resolution C. less than half 

millimeter ) and highresponse speed ( in the order of I0 MHz ). 

, In this chapter; t b o  position sensitive, gas detectors. multiple wire~roportional 
\ I .  

counter and' microstrip gas chamber detector, are described. The ion accu#mulat~on 

e 
problem of a MSGC is discussed. The scope of this thesis will then also be Mesented. 

1.1 Operation of Microstrip Gas Chamber ( MSGC ) 

* \ . . 

X-rays can be detected with gas detectors by collecting ( and sometimes 

amplifying ) the ions and electrons generated when atoms of special gas ( such as argon ) 
, 

are ionized following the absorption of an x-ray [3]. In gas detectors, an intense electric 

field is usually employed to collect electrons. Avalanche amplification can be induced by 

collision of free electrons with gas atoms wheb the electrons are accelerated to sufficient 

velocity that more than one electrdn are produced by such collision 
I J 

The essential feature&,of the gas-filled x-ray detector are shown schenlatically in - I 
4 , Figure 1 . 1  151. The ioqdation chamber consists of a gas contained between two 

-e- 

electrodes with a gap between them. In  measurement. a positive and a negative potential 
% 

is applied to anode and cathode to form a drift field which accelerates the charges. The 

avalanche amplification occurs in the region near the anode. where electric field intensity 
4 

is usually large by using a small anode wire radius. The anode collects the electrons and 

outputs an electric signal. The positive ions are drained by the grid. . The resistors ' 



e 1 

paralleling the voltage source function as voltage divider, to apply$e desired voltages to 

anode. cathode and grid at same time. The resistor in series with the voltage source is 

used to limit the current through the anode Bnd cathode, to protect electrodes from 

damage due to discharge. 

x-rays 

cathode - * .  

grid . 
avalanche 
region 

anode 

signal - I 1  * . *  

. output C + - 

Figure I .  I Gas-filled x-ray detector [ S ]  

The relationship between the gas gain and the electric field intensity is [ I  1: 

where P is the gas pressure. V I  is the gas ionization potential. A is a constant depending . 
on the gas. B = A V, . Usually the ionization coeffitient is quoted as or 1 P in electrons 

per centimeter per torr. Values of A and B may be obtained from tabulated measurements 

[ I ] .  
. 



Simple gas detectors, such as the Geiger counter, act as single detector for 

intensity measurement. But they are unable to work as an imaging device. to provide 

spatial information of x-ray .radiation. Although a one or two dimensional arra'y of 

separate x-ray detectors can be realized by combining many of such single detectors in a 

matrix arrangement, an integrated method was proposed by Charpak (61 to achieve a 

position sensitive x-ray detector in a single gas chamber by dividing electrodes into many 

strips. Based on this idea. the multiwirq proportional counter detector was'implemented. 

for which Charpak won the ~ o b e l ~ r i z e  of Physics in 1b92. , 

1.1.1 Multiwire Proportional Counter (MWPC) 
f 

To obtain spatial resolution, Charpak er (11 [6] constructed a ,chamber with 
< 

multiple wire anodes. each wire with its own amplifier. As shown in Fsure  1.2. an 

MWPC consists of a great number ( - 1000 ) of thin anode wires assembled in a plane to 

acquired spatial information. In detection, the electrons generated by radiation move 

toward anode wires driven by t h e i m c i g  field between anode and cathode planes. 

Avalanche amplification occurs in the vicinity of anode wires. where the field strength is 

very high ( over 10' Vlrnrn ) .  The spatial distrib tion o x-ray L4 
j by separately analyzing the output signals from each anode. 

radiation can be determined 

Howevy'2t has been found 

that there are constraints on the response time and spatial resolution. 
h 



output Amp 

Figure 1 .Z Schematic of multiple wire proportional counter ( each Wire with its own . 

amplifier ) 

1 . I  .2 Microstrip Gas Chamber (MSGC) 

A Microstrip Gas Chamber (MSGC). as shown in Figure 1.3. is an integrated thin 
0 

film revision of the MWPC, proposed and implemented by Oed [ 3 ]  in' 1988. In a MSGC. 

thin film conductive strips deposited on an insulating substrate, rather than the floating 

yires in MWPC. are used to sense the spatial location of radiation. Those strips are 

placed alternatively as anodes and cathodes, and avalanche amplification usually occurs 

in the gap between the csthode and anode. Under this circumstance. th$positiveions 

generated in the avalanche are drained by the cathodes. which is only in the order of a few 

hundred prn away from the anode. Consequently the drifting period IS  shortened 

\ubstantially. Therefore. the MSGC is able to have a higher response speed up to MHz. 

Meanwhile. it  i \  easy to achieve an anode pitch in the order of several tens of 



micrometers with IC fabrication technology. In addition, the structure of MSGC, in 

which the anodes are separated by cathodes. facilitates high field swngths, thereby 

maintaining high gpatial resolution. P. 

output Amp 

Figure 1.3 Microstrip gas chamber 
5 

1.1.3 Ion Accumulation Problem in MSGC 

One major problem with an integrated MSGC is that the performance of the 

MSGC is highly affected by the ion accumulation on the insulating substrate [ 7 ] .  As 

mentioned above. a cloud of positive ions moves towards the cathode strips during 

detection. If ions from the charge cloud reach the surface of the substrate. they may be 

trapped there because of their extremely reduced mobility on the insulator. Consequently, 

. the surface of the substrate is charged until the applied electric field is completely 



compensated. Thus. over time, the efficiency of the deteefor will decline until at full 

compensation the microstrip plate device will cease to work. 

Many efforts have been made to prevent charge accumulation on the surface of the 

MSGC print. Several approaches, such as back-plane electrode field shaping and 

conductive substrate methods, have been proposed and implemented [8]. The charge 

accumulation rate of the MSGC substrate is decreased if the bulk resistivity of the 

substrate is reduced [9] or i f  a layer of semi-insulating material is deposited on the 

substrate with the advantage of a reduced leakage current [ 101. 

In both cases there is an important balance that must be maintained. The sheet 

conductivity in the areas between the electrodes must be low enough that it-can prevent 

the charge accumulation. However, the film must also have a high enough resistance that 

i (  docs not significantly disturb the voltage distribution between the anode and cathode. 

In  particular it  must remain stable at voltages of up to 700 V between electrodes with only 

70 micron spacing between them. Previous researchers[lO] have shown that this requires 

a shcet resistance between 10" and 10"' Q/square. Lower resistances wili cause too 

much drain between the electrodes, while higher resistances will enable charge 

accuniulation. 

M. Salomon and G. Chapman et al proposed and implemented the passivation of 

MSGC prints with nickel oxide thin film [ I  I].\This material was successfully deposited 
C 

at TRIIJMF. Subsequently also this film was successfully deposited on the MSGC prints 

fabricated in Simon Fraser University by DC sputtering, and achieved desired 

conductivity of nickel oxide film ( 10'' -10.1' Wsquare ). The MSGC prints passivated 



with nickel oxide film were also tested using a high x-ray radiation ( equivalent to 

0 .7~1mm'  ) . The experimental results were satisfactory. However. duplicating the 

Nickel oxide with the required excess nickel content has proved difficult for other 

researchers. Pure Nickel Oxide is too resistive. It is necessary to start with a nickel film 

and add oxygen during the deposition processes to create a nickel rich nickel oxide. 

* However finding and controlling the correct depositioll'pirrameters has proved difficult. 

Obviously, more comprehensive understanding of the nickel deposition process is 

essential before this passivation method can be accepted. The aim of this thesis is to 

establish repeatable deposition and other process parameters for creating the nickel oxide 

film of between 10" and 10" Wsquare. These films will be tested on prototype MSGC 

prints to create working detectors. However it is not the aim of the thesis to determine 
6- 

fully the characterization of these detectors with these films as that has been done by 

researchers previously[ l 1 1. 

1.2 Scope of The Thesis 

Solving ion accumulation is important fot the performance of a MSGC x-ray 

detector and is worthy of detailed investigation. The goal of this thesis is to study the 

pahsivation of MSGC prints on glass substrates with a nickel oxide layer. By taking 

advantage of the conductivity of the nickel oxide layer ( in the range of 10" -10" 9 

illsquare ), the charge accun~ulated on the surface of substrate can be removed. The 

nickel oxide film of desired resistivity has been achieved with sputtering deposition by 

introducing oxygen into sputtering chamber. To improve reproducibility and 



controllability of sputtering process, a color CCD imaging system was employed to 

monitor chromatic variation of plasma. The sheet resistivity and electric behavior of 

nickel oxide layer were measured with a semiconductor parameter analyzer. The stability 

of the electric properties of nickel oxide layer was observed as well. The ability to 

remove surface charge of nickel oxide layers has been examined by observing images of 

coated prints under exposure to electron flux in an scanning electron microscope ( SEM ). 

The thesis was organized as following: in chapter 2, the existing methods solving 

the idn accumulation problem were presented. The advantages of the nickel oxide 

t 

passivation were analyzed. The microstrip print was designed. and fabrication process 

was described. In chapter 3, the MSGC x-ray detection system was presented. The 

experimental results are also shown in this section. The passivation processing of MSGC 
# 

prints is analyzed in chapter 4. Some measurement results were also shown in  this 

chapter, including I-V curves. To test the performance of the nickel oxide film and 
ll 

control the deposition process. scanning electron m i c r o q p y  and chromrltic monitoring 

syhteln are used, as presented in chapter 5 .  Chapter 6 is the conclusions and future works. 



Chapter 2 Microstrip 4 Gas Chamber Prints 

In a gaseous chamber, x-ray radiation is detected based on avalanche 

amplification occurring in the region of an intensive electric field. Obviously, the 

'performance of the detector is critically dependent on thCgas mixture, sensing element 

geometry and fabrication process. Therefore, great effort should be taken on the design 

and fabrication of microstrip print. 

In  this section. the geometry of microstrip prints is proposed. We discuss the 

charge accumulation phenomenon in the MSGC. Previous works and testing results 

concerning charge accumulation is discussed. Finally, fabrication process of MSGC 

prints is presented. 



2.1 Design of microstrip print 

Before the microstrip print is designed the requirements of application and impact 

of print geometry on those aspects should be considered. For the investigations presented 

in this thesis, the following properties of an x-ray detector for real time imaging system 

were required: (a )  fast response speed ( over 1 MHz ). i .e..  short charge colle -time,: 

( b )  high sensitivity. i .e . .  large gain ( in the order of 10' ): ( c )  good position accuracy ( in 

submillimeter ) and (d)  high rate capacity ( in the order of 1 0 ~ ~ z / m m '  1. 

The avalanche gain of a MSGC i,s determined by the electric field distribution. 
s 

,The maximum gain is primarily limited by electric discharge, which can trip the high 

w voltage between anode and cathode. Although high gain can be obtained by increasing 

electric field strength. the gas gain also depends on the dimensions of the avalanche , 

region. I t  has already been observed that under the constant anode-cathode voltage, the 

gas gain increases due to the higher field strength around the anode strip as the anode- 

cathode pap is decreased. However. discharge will occur at lower gain for the MSGC of 

smaller anode-cathode gap. Therefore, the small anode-cathode gap also limits the 

achievable maximum gain of MSGC. 

On the other hand. i t  is obvious that both the short charge collection time and 

good position accuracy require a narrow anode-cathode gap. In addition, the use of fast 

readout electronic requires the anode strip not be too resistive ( i t .  very thin ). but a wide 

anode will decrease electric field streilgth in the vicinity of anode strip, and cause the 

dramatic loss of avalanche gain. In earlier works [12, 131 i t  has already been pointed out 



/ 

A -. 
that, the dominant mechanisms. of discharge in the MSGC is most certainly a - 
consequence of the ejectjon of electrons from the cathode either by field emission or by 

4 - . . 
I : 

ion bombardment. Therefore, the width of cathode strips should also not be'too small in a 
C 

MSGC print. 

Figure 2.1 The electrode structure of MSGC print 

- 

A chromium mask of 400 pm anode pit used to fabricate MSGC prints for 

the preliminary experiments. In this mask the widths of anode strips, cathode strips and 

anode-cathode gap are 20 pm, 90pm and 145pm, respectively. With an interdigital 

structure as shown in Figure 2.1, the electric field strength at the ends of the strips is 

substantially higher than at the parallel conductive s'ections. The possible potential 

difference was limited because of sparks at the ends. To avoid that, a structure shape 

presented in Figure 2.2 was chosen to keep the field strength at the parallel strip sections 

higher than at the remaining structure parts, and thus to obtain the highest possible gas 

amplification. W-iih these kinds of end shapes, the discharge seldom occurs at the tips 

first in the high voltage testing. 



Figure 2.2 End shape of MSGC prints 

Another mask for MSGC prints was designed at Simon Fraser University based 

on the concerns discussed previously. This mask was intended to investigate the 
b 

requirements of a mask suitable for production of test prints for an imaging sysfem. The 

following guidance were used to select .main parameters of MSGC mask geometry: ( a )  

keep the width of anode around 30 pni: (b: the width of cathode is not less than 60 pm 
,- 

and ( c )  the anode-cathode gap is in the range from 40 - 70 pm. 

Figure 2.3 Schematic of multiple pattern mask for MSGC print 



4 

Figure 2.3 shows the mask designed at Simon Fraser University for use in a 

prototype imaging system. In one mask five microstrip structures were put in 7 cm x 7 

cm square area, which is suitable for the size of glass substrates. A margin of 5 mm was 

reserved at the rim of the glass substrates for handling with a tweezers during the 

fabrication process. A cutting region of 3.8 mm in width was also reserved between 

every two patterns. 

T o  diminish the electrical field at the ends of microstrips. round comers were used 

in all of those patterns. Two kinds of anode pitch, 200 pm and 300 pm, were used in this 

mask. For microstrips of 200 pm anode pitch three anodes are grouped together, to 

achieve 600 pm equivalenr pitch, while two anodes were grouped in the case of 300 prn 

pitch microstrips. Those patterns were labeled 200-3 and 300-2 in Figure 2.3, 

respectively. Single anode patterns with either 200 pm or 300 pm anode pitch, which are 

labeled as 200- 1 and 300- 1 ,  respectively, were also ~ncorporated in the mask.. The length 

of the anode strips for those four patterns was 1 cm. To observe the edge effects, a 
I 

pattern o f  half-sized anodes was also put in the mask. The anode pitch of this pattern was 

p2 Charge accumulation in MSGC 

I 

, 2.2.1 Charge accumulation phenomenon 
,.---- 

1- The insulating substrate makes i t  possible to realize the submillimeter electrode 

pitch in a MSGC, making the devices intrinsically capable of achieving high spatial 

resolution and fast response speed. On the other hand, the insulating substrate also causes 



i 

ion accumulation problem in a MSGC, Chapter 1 .  Experimental 

' ~bservations have shown certak instabilities in the performance of MSGCs. MSGC 

prints fabricated on high resistivity substrate exhibit declines of gain during 

- measurements at relatively moderate or high' fluxes [14]. The gain variations can be 

'categorized into short-term. reversible and reproducible changes. and long term gain 

modification, which leads to permanent degradation, and is. accompanied by visible 
/ 

,+- 
/ 

-- changes in the microstrip structure and surface. 

Short-term gain drop can be observed in the exposed area. During the irradiation 
* 

the gain decreases un t i l  reaching a plateau. or even totally ceasing to work. The steady- 

state gain value is dependent ori the irradiation rate. This effect usually occurs in several 

minutes after the beginning of operation. This behavior 

charge accumulation on the insulating surface by positive 

is understood to be due to the 
& 

ions generated in avalanching 

P 
amplification. 

Long term effects are explained as the contamination of MSGC print, such as 

L 
polymerization or aging of materials due to exposure to x-ray radiation for a long period. 

They appear to depend on the choice of the substrate material, anode and cathode 

. .  
materials. working gases and other materials used in MSGC chamber. 

I 

2.2.2 Previous works and results 

- An impressive amount of works have been made to alleviate the charge 

ltccumulation problem since MSGC was proposed in 1988 131 . Generally, methods used 

- to prevent the charge accumulation can be categorized as following: 



2.2.2.1 Buckplane field shaping 

The backplane met was employed by A. Oed when he implemented the first 

MSGC [3]. To prevent gas ions from accumulating on the surface of substrate. an 

another electrode was introduced on the rear side of microstrip substrate. as shown in 

Figure 2.4. The backplane electrode can be an evaporated metallic layer or a thin metal 

foil just glued the rear. During operation the backplane electrode is often set at half the 

positive potential of the anode electrodes. to form a repulsive field for ions and thus 
* 

protect the front surface from ion accumulation. . % 

-. r 
1 '  

cathode anode cathode 

substrate 

backplane electrode 

Figure 2.4 Microstrip with backplane electrode 

However. the backplane electrode method is unable to solve the ion accumulation 

problem completely. The gain drop of MSGC detector with backplane can also be 

observed under high incident irradiation flux. To enhance the repulsive field. the 

potential of the backplane electrode can be increased to the same as that of the anode. 
8 

But the intensive repulsive field can have a negative influence on the ion collection. and 

therefore the response time as well as spatial resolution of MSGC detector. 



2.2.2.2 Ion implanratiorl 

Instability and gain modification of MSGCs, that could be attributed to the 

charging up of the insulating substrate between electrodes, can possibly be avoided by 

reducing the surface resistivity of the substrate by ion implantation. In ion im'plantation,' 

dopants are introduced into a substrate directly in the form of ions, by bombardment of 

the substrate surface with an accelerated ion beam. These beams are generated by ign 

implanters which are really 5 - 200 keV high current linear particle accelerators with 
-I .- ' h .g> ,, 

..- i 

./. elaborately designed magnetic coils used for focusing and deflecting of ion beam. Since 

implant densities required implant as high as 10" ions/cm2. i t  turns out that this mathod . 
' 

tends to be expensive and imposes a constraint on the maximum size of the detector. 

Ortuno-Prados et a1 tested MSGC prints fabricated on the quartz substiite with 

carbon implantation [ 151. Experimental results showed that performance of the ion 

implanted substrate MSGC detector is unsatisfactory. The gain decreased by 57% in 24 

hours and gain variation of k247c was found over i .fm2 area. Recently. the group at 

CRPP reported on plastic ( Kapton) prints modified by ion-implantation with good high 
2 

rate performance. but they fbund i t  hard to control the ultimate surface resistivity 

produced during the implantation process 11-61. 
r*r r '  

Resistivity of glass substrates can also be changed by doping sodium or iron oxide 

during manufacture. Those special doping glass substrates can be Also used for MSGC 

prints to avoid ion accumulation on surface. However, the mechanical property of the 

I 



glass will also be changed by the doping process. Usually, those doped glasses are brittle, 

which makes i t  difficult to fabricate MSGC prints of large area. Additionally. like ion- 

implantation. it is difficult to ensure ts resistivity of glass in a certain region by 

controlling the doping pr6cess. Commercial iron-loaded glasses are also extremely 

expensive. 

Furthermore, a gain drop of MSGC detector with \odium doped glass has been 

observed [17]. This gain drop occurred during th/ first few hours of operation of the 
6 

chamber, which did not depend on radiation rate and had a global nature. This gain 

variation has been explained as a result of alkali ion motion. Since a high voltage is 

appl~ed between anode and cathode in jj MSGC. the alkali ions in glass substrate migrated - - % 

from one electrode to another. Consequently. the conductivity of the glass substrate will 
. t 

be changed. 7 

2 .2 .2 .4  Suhsrrtur c o m d  rr-ith cwnducti~~r layer 

A th in  conductive layer on the top of substrate can also be employed to solve the 

ion accumulation problem in a MSGC detector. This conductive layer can be formed 

either by evaporation deposition or standard sputtering techniques. Since only a thin 

layer was used to remove surface charge, one advantage of a coated substrate over a 

conductive glass substrate is less leakage current. Ion migration is avoided as well. 
4 

Brons et a1 deposited semiconductor layers on the surface of glass substrates for 

MSGC prints [8]. The semiconductor layer was formed by evaporating copper or 

gcrnmanium on the top of substrpte, followed by a heating process at 70•‹C in air. The 



sheet resistivity of the resulting film was in the order of 10" Usquare. The x-ray 

detector with those MSGC prints could be operated under radiation flux as high as over 

10.000 photons/(s.mm2 ) without gain drop. Salomon & Chapman [ I  I ]  realized the 

passivation of MSGC detectors by sputtering nickel and nickel oxide layers on the surface 

of various substrates, such as glass. Tedlar and Upilex. Those MSGC detectors were also 

operated under high irradiation rate of 6.000 photon/(s-mm2 ) without gain drop. Long 

term observation on MSGC detector operation has also been made. No performance 
I 

variation has been found for a period of over 30 days.   ow ever. up until now the 

reproducibility of the nickel oxide films has been poor. Hence finding a technique to 

produce stable. reproducible films is the major aim of this thesis. 

I t  should be mentioned that an alternative geometry, called a microgap chamber. 

was proposed to avoid the ion accumulation probkm in radiation detection. We also 

proposed two methods to implement a microgap detector [ see Appendix 2 1. 

2.2.3 Nickel oxide passivation 

In this thesis, the nickel oxide passivation was selected to decrease the surface 

resistance of substrates and solve the ion accuniulation problem in a MSGC system. It 

has been reported [ I t ) ]  that both the ion implantation and nickel oxide passivation can be 

used to solve the ion accumulation in MSGC. However, i t  is not easy to control the sheet 

resistivity of the passivation film with the ion implantation [18]. 

Therc are strict requirements for the nickel oxide p a s s i 9 n  layer on sheet 

resistivity ( 1 0 ~ ~ - 1 0 ~ ~ i ~ s ~ u a r e )  and thickness ( - 50nm ). The reason for the high 



resistivity requirement is that a high voltage is applied between anodes and cathodes 

during the operation. *Meanwhile, the nickel oxide film d s o  functions as the conductive 

film to remove the accumulated ions. It is known that the gas gain is highly dependent on 

the electric field between' the anode the cathode. the high surface resistivity is also 

necessary to avoid the field being affected very much. Theoretical analysis shows that the 

gas gain can be as high as 40000 when the sheet resistivity is in the range of 10'' 

Since the passivation layer covers all the detection area. including anodes and 

cathodes, the passivation layer should be thin enough that the electrons and the poslt~ve 

ions can penetrate the layer and be collected by the anodes and the cathodes. 

Nickel oxide film deposition methods can be categorized as: evaporation, 

sputtering deposition and electrochemical and chemical techniques. In  this thesis. the 

nickel oxide passivation was done by the DC sputtering deposition. As discussed above. 

control of the deposition process is very important' because a high sheet resistivity is 

required for the passivation layer. For the sputtering deposition, the composition and 

htructure of the film can be controlled by varying the deposition parameters ( for example. 

oxygen flow rate 1. Another advantage of the sputtering deposition over the evaporation 

method is ihat the sputtering deposition can form a film with better coverage. 

! 
The feason of selecting sputtering deposition, rather than the chemical technique. 

is that the sputtering deposition is a non-contact, dry process. No caution has to be taken 

for the corrosion and contamination of the electrodes. Additionally, the microstrip 



d 

structure on the substrate will also cause difficulty on the uniformity for some chemical 

method ( for example, sol-gel deposition ) when such a thin film is formed. 
# 

The difficulty of the passivation process is that the sheet resistivity of the nickel 
9 

1 
oxide layer is required in the range of 10'' -*lo'' Wsquare. This desired sheet resistivity 

was achieved by controlling the nickelloxygen ratio in the passivation layer. Therefore, 

the oxygen flow rate was carefully controlled-when introducing oxygen to the gas 

chamber during the sputtering deposition. It is why in the sputtering deposition we used 

the nickel target rather than a nickel oxide target, with which a method should be found to 

atrip the oxygen. 

Another function of the nickel oxide passivation film is to alleviate the discharge 

between the anode and cathode. In MSGC, x-ray. radiation i.  detected based on the J 
i?val;inche amplification between the anode and cathode. However, the avalanche 

amplification may also be initiated by a single electron emitted from the cathode. which 

causes a discharge between the anode and the cathode. To avoid that, the microstrip 

structure can be covered with a layer of a material with a low secondary electron emission 

coefficient, like NiO. This is another reason that we select nickel oxide film as the 

passivation layer. 

2.3 Print fabrication process 

The MSGC prints were fabricated on glass substrates with some basic IC 

processes, which includes surface preparation, sputtering deposition, photolithographic 

1 



patterning and passivation. Two kinds of glass substrates were used, one is a window 

glass of 3mm thickness from Northwest Lab, another is the quartz of Imm thick from 

Schott. The size of those glass substrates is 7mm by 7 mm. 

2.3.1 Surface preparation 

Surface preparation is the first step in the fabrication process. The glass substrate 

surface is cleaned with RCA process [?O] to rembve contaminants. which allows those 

med l i c  microstrips to adhere firmly to the substrate. 

2.3.2 Sputtering deposition. 

For MSGC print fabrication, a layer of aluminum was deposited on the surface of 

a glass substrate. This metal layer will create the electrodes ( both the anodes and the 

cathodes ) of the MSGC print after being patterned. The thickness of aluminum film is 

around I pm. 

The thickness of the MSGC electrodes also has an effect on the discharge between 
d 

anode and cathode. By increasing the thickness of the microstrips, the field strength at 

the borders of the strips can be diminished. Compared with thin metal layer. a thick one 

is much more uniform. Another advantage of the thick electrode layer is to get a low 

resistance of the microstrips which is essential for a short rising time of the signal. 



9' 5' glass substrate 3mrn 

( 4  
aluminum film ( 1 pm ) 

/ 

(b) 
photoresistor ( 1 pm ) 
/ 

Figure 2.5 Photolithographic patterning process. (a) glass substrate after RCA cleaning, 

(b) aluminum deposition, (c) photoresist coating, (d) photolithographic patterning, (e) 

aluminum etching, (f) photoresist striping 



2.3.3 Patterning , .+  

The patterning procedure is illustrated by Figure 2.5(c) through (0.  First, a layer 

of positive photoresist ( SPR2 ) was coated on the top of aluminum layer. Before 

photoresist application, the substrate with alumiiium layer was cured in soft baking &en ' 

i 
for 20 minutes at 100•‹C, to remove molecular water and improve the adhesion of the 

C. 
photoresist to the aluminum layer. When spin-coating of the photores~st. the spinner 

rotation speed of 4000 rpm was used for 30 seconds. which resulted in a layer of I pm 

thick photoresist on the top of the aluminum layer. Following resist application, the glass 
b 

substrate was also cured in  soft baking oven for 20 minutes at 100•‹C to remove 

remaining solvents in the photoresist layer. Next. the photoresist covered substrate was 

exposed to, ultraviolet light through the MSGC mask. Considering reflection of the 

aluminum layer. the exposure time was 70 seconds. After being developed in AZ 351 

developer, the structure on substrate is shown in Figyre 2.5 (d) .  The patterned photoresist' 
. I  

structure was cured at hard baking oven for 25 minutes at I 10•‹C. to enhance resistivity of , 

photoresist to the aluminum etchant. Then the aluminum layer with photoresist mask was 

etched by the aluminum etchant at 50•‹C for 2 minutes. as shown in Figure 2.5(e). Figure I 

2.5(f) shows the final structure after photoresist striping. 
4 

The dimens~on of MSGC prints, which were fabricated with the procedure 

described above, was measured under an optical microscope. To test the uniformity of 

thc photolithographie process, we measured the width of the anode strips, cathode strips 

and anode-cathode gaps in the center and four comers of the MSGC print. The 

Inca5urement results are listed in table 2.1 for a typical print. From table 2.1 i t  can be 



seen that the variation of the microstrip width is less than 5%. By comparing with the 

dimension of the mask used in fabrication, the over etching rate is also under 10%. 

Table 2.1 Measurement results of MSGC ~ r i n t  dimensions 

mask 
center 

corner 1 
corner 2 
corner 3 

2.3.4 Passivation with nickel oxide film. 

anode (pm) 
( f  0.3pm) 

21.1 

corner 4 
average 

For passivation, the MSGC prints were covered with a thin nickel oxide film to 

19.8 
20.2 
20.4 
20.7 

overcome the charge accumulation on surface of glass substrate. The detailed fabrication 

cathode (pm) 
(f0.3ym) 

91.0 

20.6 
20.34 

process will be presented in chapter 4. 

anode-cathode gap (pm) 
(f0. 3pm) 

146.8 
89.1 
90.3 
89.8 
90.6 

nickel oxide film electrodes 

148.5 
147.3 
147.4 
146.9 

89.9 
89.94 

Figure 2.6 MSGC print passivated with nickel oxide layer 

147.3 
147.48 



2.4 Summary 

4 

-% . . 
The design and fabrication of the MSGC print were discussed in this chapter. We 

also discuss the discharge phenomenon in MSGC, which limits the maximum gain of 

MSGC. Based on those considerations. a new \k of MSGC patterns was designed fbr "4 
imaging x-ray detector. Previous works on charge accumulation were reviewed. and the : 

decision was made to use standard sputtering techniques for passivation of MSGC prints 

with nickel oxide film. The fabrication processes were also described. 



Chapter 3 Microstrip Gas Chamber 
Detection System 

A microstrip gas chamber detection system consists of the microstrip gas 

chamber. the gas supply system and the electronic read-out circuitry. The signal from 

anode strips appears as a charge pulse of tens nanosecond duration, whose amplitude 

corresponds to 10'  - 10' electrons. Therefore. the electronic read-out circuitry of 

microstrip gas chamber detection system has to meet the requirements of the high 

wns~t iv~ty  and the high response speed in the same time. 

In this chapter, a microstrip gas chamber detection system is described. The 

QPA02 [19], a high speed and low noise preamplifier designed in Fermi Lab, is tested 
, 

and used as read-out circuitry in that detection system. Performance of detection system 

with MSGC prints is also studied. 



3.1 Microstrip gas chamber 

The gas chamber is the sensing element of a x-ray radiation detector based on gas 
f 

ionization. As shown in Figure 3.1, the MSGC print was mounted on the printed circuit 

board (PCB). The aluminum frame with a thin  aluminized nylon window covered the 

print and a drift electrode, and formed the gas chamber. A copper mesh of 0.5 mm 

spacing is mounted about 3mm above the print and serves as the drift electrode. When a 

negative high potential ( around -2000V ) is applied to the drift electrode. the drift field 

between the mesh lane and the print is built up to collect electrons created in the h 
ionization produced by x-ray photons. A voltage is also applied be'tween anodes and 

cathodes in the MSGC print for avalanche amplification. 

Aluminum 
frame 

Aluminized nylon drift 
window electrode 
/ / 

A 

lomm 

* 

connection drift voltage 
connection 

Print 

Figure 3.1 The cross section view of the microstrip gas chamber 
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Figure 3.2 The top view of the rnicrostrip gas chamber 
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Figure 3.2 shows the top view of the gas ~hamber.  From Figure 3.2, it can been 

seen that the application of operating potentials and the extraction of signals is performed 

by metal strips on the surface of PCB. RC circuits were employed in both drift and . 

cathode circuitry to filter out high frequency noise from high voltage DC power supplies. 

Resistors also work as protection resistance for anode-cathode and anode-drift discharges. 

Each anode is grounded through a 100 kR resistor ( not shown in Figure 3.2). There are 

one gas inlet and one gas outlet to supply the ionization gas for the chamber. Figure 3.3 

shows the electrical connection diagram. 

1 OOk 

cathode drift El 
.* 

Figure 3.3 The diagram of the MSGC wlring 

The experimental setup for preliminary measurements is shown in Figure 3.4. To 

eliminate influence of electromagnetic noise in air, the chamber under test was mounted 

in a grounded metal box. Power supplies, multiple channel preamplifier and the 

o~cilloscope used in the measurement were-carefully grounded as wsll with a common 



gr@und point. In the first testing, groups of anode strips were connected together to the 

readout electronics. In measurement. an 5 5 ~ e  radiation source of 100pCi was used as x- 

ray source (3.7x10~~hotons/s) .  which was put on the top of the window. 

regulator 

I flow 
meter 

exhaust 
source pipeline 

", MSGC 
\ Figure 3.4 Experimental setup 

The gas system included the nitrogen gas, the ionization gas and exhausting gas 

pipelines, ail made out of quarter inch diameter copper tubing. Copper was used because 

the DME gas attacks plastic tubing. Both gas supply pipelines contained mass flow 



meters and regulators. The exhaust gas pipeline. which exhausted into a fume hood, was 

a copper tubing over 20 feet length, to prevent air flowing backward into gas chamber. 

The dry nitrogen gas pipeline was used to continuously flush the gas chamber when i t  was 
b 

in idle status to prevent water vapour being adsorbed by the microstrip print. For, 

operation of the MSGC, the gas supply was switched to the ionization gas pipeline. The 

ionization gas must be allowed to flow for at least 30 minutes prior to making the first 

measurement. Ionization gases used in the measurementswere either a 85: 15 mixture of 

argon and carbon dioxide (CO?) or a 90: 10 mixture of argon and dimethylether (DME). 
0 

# 

* 
Both of them have been used successfully. 

Another important parameter, which must be considered in gas chamber design. is 
\\ 

- the gas gap, i.e. the distance between drift electrode and print. The gas gap also plays a 
f 

role in both gain and spatial resolution of microstrip gas chamber detector. From the 

requirement of the short charge collection time, we have learned that the gas gap has to be 

a.s narrow as possible ( about 3mm). In addition, the spatial resolution is also related to 

divergence of incident x-ray and electron diffusion. By reducing the gas gap, the 

traveling path of x-rays and ionized electrons is shortened. Deterloration of the resolution 

due to divergence and diffusion is thus be alleviated. 

The width of the gas gap also determines the absorption efficiency of x-ray 

radiation and the dimension of the avalanche region, which is critically related to the gain 

of the.gas chamber. The avalanche amplification efficiency deteriorates-when reducing 

the gas gap. But we know that the drift field strength is larger for smaller gas gap. Since 

the drift field induces positive charge over all conductors on the substrate, the higher drift 



field will lead to more positive charge on anodes. As a result. the gas gain. which is 

r mainly ruled by the anodic charge, will rise. Additionally. the maximum gas gain is 

mainly controlled by the discharge of the cathode. In contrast, the increased drift field 
i 

will reduce the charge density on the cathode, resulting in a higher breakdown voltage 
\ 

and thus a higher maximum gas gain. 

3.2 QPA02 Amplifier 

The output electrical signals from MSGC were amplified, measured and displayed 

with the readout electronic system. The readout electronic system consists of a QPAO:! 

amplifier and the Tektronix 2025 digital storage oscilloscope. The QPA02 was a high 

speed bipolar transresistance charge amplifier. I t  converted an impulse of eleqtric charge 

to 9 fist voltage pulse. I t  was originally designed as a silicon strip amplifier in Fermi 

Lab. The gain of QP.402 was cla~med in the order of 15mV/fCoulomb while the rise 

time was less than 38 ns. 

I ' 

3.2.1 Schematic of QPA02 amplifier 
i 

The schematic of QPA02 amplifier and its pinout can be found in Appendix 1 

3.2.2 Performance of QPA02 amplifier 

Before connected to the MSGC, the gain of the QPA02 amplifier was measured. 

For all tests, the input was a voltage signal generated from a SRS D5345 function 



generator and the output signal was measured with the Tektroni x digital 'storage 

oscilloscope. . 

1 OClF lo@= 

h r n  function I I I t  
generator 1 . ~ D F  

Merentid + 
output to oscilloscope 

. Vb - 

Figure 3.5 QPA02 test circuit diagram 

Figure 3.5 is the diagram of the test circuit. Vee. GND and other common points 

are all referenced to the same low impedance ground plane. Bypassing capacitors 

( 100pF) are used to filter out high frequency noise from DC power supplies, Vcc l and 

rl 
Vcc2. To eliminate high frequency noise, Vb pad is also grounded through a bypassing 

capacitor. 



/ 
Figure 3.6 Equivalent input circuit 

The square wave from the function generator was used as the testing input signal. 

Differentiated by a capacitor ( 1.8pF). the square wave voltage profile formed one positive 

and one negative pulses. ~ o r r & ~ o n d i n g  to those two pulses, the temporal profile of 

output signals from QPA02 was recorded. and the gain, response time and distortion of 

QPAOZ amplifier were also investigated. 

Suppose the input impedance of the QPA02 is R,,, as shown in Figure 3.6. The 

duration of pulse differentiated by the capacitor C is represented as 

I f  the anipl~tude of the input voltage signal is V,,,, the corresponding charge on the 

capacitor is 

In our experiments, the capacitance of C was 1.8pF. the external resistor R ,  was 5 0 R  and 

the input impedance of the QPA02 was approximately 200R. The charge of 1 . 8 ~  1 o. '~c  

was generated when input voltage is 1 V, for example. 

Figure 3.7 shows the output response of the QPA02 for different input amplitudes. 

The output impulse was acquired with a digital oscilloscope which was operated in the 
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Figure 3.7 Curves of output amplitude vs. positive and negative input amplitude of 

QPA02 amplifier. ( a )  Vcc 1 = 5.OV and Vcc2 = 4.1 V, (b)  VccI = 5.5V and Vcc2 = 2.7V 



sampling mode with 50Q input impedance to match the coaxial cable. From Figure 

3.7(a) the gain for a positive input pulse was found to be much higher than that for 

negative input pulses when Vcc2 = 4. IV. which indicates that the QPA02 was not biased 

properly. With the equation ( 3.2 ). it was estimated that the gain for positive pulse was 

about 18.89mVlfC while the gain for negative pulse was about 7.79mVlfC. The 

saturation of the QPA02 happened to the negative pulse when input amplitude is around 

80mV. corresponding to the charge of 144fC. 

Figuge 3.7(b) lists the output vs. input curve when the QPA02 was biased with 

Vccl = 5.5V and Vcc2 = 2.7V. Under this circumstance. the outp'ut response for positive 

input pulse was almost the same as for the negative input pulse. However, the gain 

dropped to 5.28mVlfC. The QPA02 amplifier went into oscillation status when Vccl 

was 5.OV and Vcc2 was from 2.9V to 4.OV. 
\ 

Figure 3.8 is the plots of the measured impulse response for the charge input of 36 

fC when the QPA02 was biased by Vccl = 5.5 V and Vcc2 = 2.7 V. The charge was 

crllculated from input pulse amplitude based on the Equation ( 3.2 ). 
, 

, 
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QPAO2 PreAmplifier response - positive impulse 
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QPAO2 PreAmplifier response - negative impulse 
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Figure 3.8 Impulse response of QPAO:! ( a )  for positive input, ( b )  for negative input \ '\ 



QPAO2 PreAmplifier - Oscillation status 
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Figure 3.9 Oscillation status 

Figure 3 8 ( a )  and ( b )  shows the impulse response plots of the QPA02 amplifier for 

the positive input and the negative input, respectively. The rising time was about 40ns 

Llnd the time of falling to base line was about 60ns. Those two curves show that the 

QPA02 has identical rising and fall'ing times for the positive input and-the negative input. 

The oscillation behavior of the ($'A02 amplifier is also shown in Figure 3.9. 

With Vcc l = SV, the QPAO2 was oscillating when Vcc2 was in the range from 3.OV to 
1 

4.OV,. Theoscillating frequency was around 25 MHz, and i t  kept constant when Vcc:! 

was adjusted from 3.OV to 4.OV. The amplitude of oscillation had a maximum value 

when Vcc2 was 3.6V. Both the source impedance at the input end and the load 

impedance at the output end could change the oscillation frequency and critical DC 
P 

~foltages (Vcc 1 and VccZ) of QPAO2 amplifier. For example, the oscillation frequency 

became 10 MHz when the oscilloscope at output end was operated at I MR mode. 



c 
3.2.3 Performance of QPA02 amplifier connecting with the MSGC 

k 

The QPA02 amplifier was originally designed for silicon strip detectors. Due to 

its large gain and wide bandwidth, the QPA02 amplifier can be in oscillation mode. 
f 

which is dependent on external conditions, such as the biasing condition. the input and 

output impedance. 

transmission line. 

parameters as the 

The MSGC represents a clear example of multi-electrode distributed 

The exact response of the detectors depends therefore on such 

resistance of strips, inter strip capacitance and so on. Before the 

measurements of x-ray radiation was carried out, the performance of the QPA02 amplifier 

connected t~ gas chamber was measured. 

When connected to gas chamber the QPA02 amplifier was biased in the same way 

as shown i n  Figure 3.5, except the coupling capacitor and 50 i2 resistor were removed. 

Two anodes of the MSGC print are grouped together, and capacitance between anodes 

and cathodes is 15 pF. Under those conditions. the QPA02 was in stable amplification 

region- only when Vcc l was less than 2.7 volts. 

The response of the QPA02 amplifier was measured by applying a square wave 

signal to the cathodes. Figure 3.10 shows the output amplitude vs. input amplitude curve. 

I t  can be calculated that the gain of the QPA02 amplifier was about 7.8mVlfC. I t  is 

known there are around 40.000 electrons by avalanche amplification of MSGC 

for each " ~ e  event. Correspondingly, the output pulse height of QPAOZ amplifier was 

expected to be of the order of 50 mV. Hence, the signal from the MSGC was predicted to 

be detectable with the QPAOZ rimplifier. 
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Figure 3.10 Output vs. input curve of QPA02 connected to MSGC 

3.3 Observation of X-ray radiation signals 

Before the coating experiments, the performance of the detection system was also 

tested with 5.9keV x-ray photons from the 5 5 ~ e  X-ray source. As shown in Figure 3.1 1 .  

the output signal of QPA02 amplifier was sampled by Tektronix 2232 digital storage 

oscilloscope. The data. digitized by Tektronix 2232, were collected by a PC through the 

RS232 port and stored in the hard disk. 

During detection, the oscilloscope could be operated either in analog mode or 

digital mode. A 5012 terminator was used to decrease the load impedance of QPA02 

amplifier and increase the signal response time. Since random voltage pulses were being 

observed. it  was essential to set trigger level for the oscilloscope, to capture and display 
-I 

thow random signals. I t  was found that for analog mode, the optimal time sweep of 

oxilloscope was O.Sps/div. whereas for digitalwmode thewmpling interval was Sons. 
4 



Figure 3.12 is the photograph of the typical signal profile for 5 5 ~ e  source. The rising time 

of pulse was about 50 ns and falling time is about IOOns, and the amplitude,h 120 mV. 

X-ray sdurce 
4' 

MSGC - Amplifier 

oscilloscope n 
Figure 3.1 1 Schematic of data collection system for x-ray detection 

Figure 3.12 The typical pulse prdfile of x-ray signals 



3.4 Summary 

The readout electronics are described in this chapter. performance of QPAOZ 

preamplifier, which is used as the preamplifier of the is studied. The 

4 

optimal biasing conditions of the QPA02 amplifier when connecting with the MSGC 

chamber were obtained. The gain of the QPA02 preamplifier was as high as 7.8mVlfC. 

With the QPA02 amplifier, a x-ray detection system was built up, including data display 

and data collection by a computer. Preliminary experimental results showed that output 

signal amplitudes corresponding to x-ray radiation were as high as 100 mV. Therefore 

t h ~ s  x-ray detection system could be used in the study of MSGC performance and MSGC 

print testing. 



Chapter 4 Passivation of MSGC Prints with 
Nickel Oxide Film 

As discussqi in chapter 1 and chapter 2, the MSGC has been confronted with the 

problem of short term gain instabilities during its operation. particularly if exposed to 

high particle'fluxes. The gain variation of the MSGC is due to the accumulation of ions 

generated in  the avalanche on the surface of the insulating substrate. It has been shown 
* 

that the effect can he avoided using a substrate with decreased surface resistivity ( 10" - 

The I substrate. however. has a very high surface resistivity ( over 10'' 
b * 

Wsquare ). A surlace treatment should be applied to the glass substrate to achieve the 

desired surface resistivity. In this thesis, the reproducibility of eliminating the charging / 

problem by passivating the glass MSGC prints on the top of electrodes before assembling 

the MSGC has been investigated. The desired surface resistivity was achieved by 



. sputtering a thin layer of nickel oxide on the top of the electrodes of the MSGC print. In . 

the nickel oxide deposition process, plasma was generated with argon gas and a thin 

nickel ( -50nm) layer was deposited in oxygen ambient. The process was controlled by a 

computerized system. 

In this chapter. the sputtering process is introduced briefly. The deposition 

process of nickel layer and post processing are described. The electrical behavior of the 

nickel oxide film is observed. 'A comparison between nickel oxide films made in the 

different oxygen ambient is also made. Auger spectrometry was employed to analyze the 

composition of the nickel oxide film and the influence of the post baking process. \ 

4.1 Passivation process 
w 

4.1.1 Nickel Oxide Deposition 

The passivation of a MSCC print was accomplished by sputtering a thin nickel 

osidc layer on the top of microstrips in School of Engineering at Simon Fraser 
. . 

University. After the MSGC prints were loaded onto sputtering machine chamber, the 
d 

.chamber was pu,mped down to 1x10.~ torr by a two stage diffusion vacuum system. Thc 
a 

argon and oxygen gases were then introduced to the vacuum chamber. The preset 

vacuum pressure was maintained by controlling the gas flow rates with a computer 

controller. For example, when chamber pressure was set to 3 mtorr, the flow rates were 

* 

controlled at 1.9 xcmlmin for argon and at 0.6 sccmlmin for oxygen, respectively. The 

.\ystern was ready f ~ r  sputtering deposition when the gas flow rates were stable. The 



passivation process consisted of three steps: sputter target cleaning, nickel deposition and 

post heating. 

( I )  Turger cleaning. Before depositing nickel on MSGC prints. a sputtering preclean is 

done with the prints protected by the shuttle. The nickel target was sputtered on the 

shutter for over 100 Watt x min. The purpose of this process was to remove impurities 

6 
on the surface of the nickel target. Furthermore, since the sputtering process was 

conducted in argon/oxygen ambient, i t  was expected that a fresh nickel oxide layer would 

be formed on the top of nickel target after the cleaning process. 

(2) Depo.sitiotl process. The nickel layer was depos~ted by a DC sputtering process. The 

typical specifications of sputtering process were as following: 

base pressure: 1 . 2 ~  10.' torr 

Ar flow rate: 3.0 sccm/min 

0. flow rate: 3.0 sccmlmin 

DC voltage: 442 V - 330 V 

DC c u r r y  0.055 A 

Energy: I00 Wattxminutes 

In the deposition process, the sputtering machine was operated in the current 

controlled mode. The DC current was set to 0.055 A, and DC voltage between target and 

MSGC prints was measured as 442 V. The total energy for nickel layer deposition was 

around 100 Watt x minutes, which 'resulted in t'he thickness of nickel film being 

approximately 50 nm. To protect the bonding pads from the nickel deposition, those pads 

were covered with scotch tape before loading the MSGC prints into gas chamber. 



(3) Post baking process. After deposition, the resistivity of the nickel layer was relatively 

low. which was in the order of 10' - lo9 Wsquare. A post baking treatment was applied 

Y to the nickel film to increae its resistivity to the desired value. This baking process 

helped the nickel film convert to nickel oxide with a higher resistivity. This is discussed 

i n  more detailed in section 4.2.3. 

The MSGC-prints were heated by hot plate as shown in Figure 4.1. T o  monitor 

the temperature, a K-type thermocouple was made with Chrome1 and Alumel. During 

baking process, the thermocouple contacted the surface of the MSGC print. The 

temperature was read out with Digi-Sense thermometer. The temperature of baking 

process was controlled manually. The pripts were heated at several temperature and 

maintained for 20 minutes under each temperature. After being baked at about 470•‹C for 

70 minutes i n  open air. the resistance of the MSGC print was increased to the desired 
I 

ynge .  

MSG€ print 
Thermo 
couple 

Thermo 

I \ meter 

Figure 4.1 Post baking setup 



4.1.2 Surface resistivity measurement 

To determine the resistivity of the nickellnickel oxide layer on the MSGC print, 

the resistance between one pair of anode and cathode pads was measured with a 

semiconductor parameter analyzer. Before presenting measurement results and 

calculating resistivity, the dimensions of the inter-digital structure of MSGC print are 

described. Figure 4.2 shows a pair of anode and cathode pads. 

Anode 

Cathode 

Figure 4.2 Layout of anodes and cathodes in the microstrip print 



L is the length of the overlap between the anode and the cathode while W is the 

gap width between the anode and the cathode. Suppose a voltage Vo is applied between 

the anode and the cathode, and the current through them is I. Then the sheet resistance is 

where the coefficient 6 is due to the six edges of those three anodes conwcted together. 

For our prints. L E 5 cm and W 2 150 pm. 
/' 

The resistance of the cured nickel film was measurdd with tht5'serrficonductor 

parameter analyzer in open air. Since i t  required the measurement of a weak current ( in 

the order of nA or less ), the print 'was put on a shielding metal box to avoid external 

electromagnetic noise. The semiconductor parameter analyzer was also grounded and co- 

axis cables were used for all electric connections. During measurements the 

semiconductor parameter analyzer was operated at the diode I-V mode, in which a DC 

voltage was applied between the anode and the cathode, and the current through them was 

measured. The DC voltage was swept from 0 to 20 volts. The I-V characteristics of the 

nickel oxide film were recorded. 

4.1.3 Experimental results 

The nickel oxide films have been deposited under two different gas conditions. 

All the nickel oxide films have been applied with the post baking process for 20 minutes 

at 470•‹C. In  this sec t i~n  the experimental results of the influence of oxygen density and 

the p y t  baking process on the sheet resistance of the nickel film are presented. 



4.1.3.1 Nickel oxide deposition in the low oxvgen ambient 

The first batch of samples were made when the flow rates for argon and oxygen 

gases were 3.0 sccmlmin and 0.6 sccmlmin, respectively. The ration between argon and 
LI 

oxygen density was 5: 1 .  The I-V characteristic curves of those nickel oxide are shown in 

Figure 4.3. 

It can be seen from Figure 4.3 that. the sheet resistivity of the nickel oxide film 
r/ 

can be in the range of 10" - 10 '~R/s~uare  after post baking. However, for unknown 

reasons the nickel oxide films have nonlinear exponential like behavior of resistivity, as 

shown in their I-V curves of Figure 4.3. Thus, it was expected that the resistivity of the 

nickel oxide film would decrease dramatically as the applied voltage increased. Those 

prints coated with such nickel oxide film were assembled into the gas chamber. The 

leakage current was as high as 0.01 mA when the voltage between the anode and the a . 

cathode was 6 0 V .  I t  was equivalent to the sheet resistance of 1 .5~l0~R/square .  

Obviously. this leakage current is too large for x-ray detection, under which the signal 

qF 
could not b;: observable. Table 4.1 lists the sheet resistance of three nickel oxide films 

with different thickness. I t  shows that the sheet resistance increased about 5 times when 

the applied voltage increased from IOV to 20V. 



voltage (V) 

voltage (V)  

0 5 10 15 20 

voltage ( V )  

Figure 3.3 I-V curves of nickel oxide film of different thickness ( a )  5 nm, (b) 25 nm, and 

( c )  50 nm when argon and oxygen flow rate ratio was 5: 1 

Table 4. I Sheet resistance of nickel oxide films formed in the low oxygen gas ambient 



Voltage (V) 

Table 4.2 Sheet resistance of nickel oxide films formed in the hieh oxveen gas ambient 

Sheet Resistance d 

Sample I (Snm) I Sample 2 (25nm) I Sample 3 (50nm) 

10.0 . 

11.0 

The second batch of nickel oxide films was made by increasing oxygen flow rate 
. 

to 3.0 sccm / min, which was 5 times larger compared with that in the first deposition. 

Wsquare 
1 . 2 7 ~  1013 
1 . 0 9 ~  10" 

Voltage (V)  

10.0 

I 

The density of oxygen was almost the same ah the argon density in the sputtering machine 

Wsquare 
1 . 0 8 ~  1 0l3 
8 . 4 2 ~  10" 

Sheet ~esistande 

Wsquare 
2 . 0 6 ~  10" 
1 . 7 1 ~ 1 0 "  

Sample 3 (50nm) 
Wsquare 
5 . 4 7 ~  10' ' 

Sample 1 (5nm) 
Wsquare 
5 . 0 0 ~  10" 

Sample 2 (25nm) 
Rlsquare 
1 . 6 0 ~  10" 
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vottage (V) 

0 5 10 15 20 

voltage (V) 

(c) 

Figure 4.3 I-V curves of MSGC prints with different nickel film thickness. ( a )  around 50 

nm. (b) around 25 nm, (c )  around 5 nm when argon and oxygen ratio is 1 :  I 



chamber. The resistivity of those nickel oxide films was in the desired range. Figure 4.4 

hhows the I-V curves of these nickel oxide films of different thickness after post baking 

process. The electrical characteristic of these nickel oxide films shows -.the sheet 

resistance of these three nickel oxide films of different thickness appeared linear when the 

applied voltage was over 5V.  Table 4.2 lists the sheet resistance of nickel oxide films 

6 

under the different applied voltage. The sheet resistance almost kept constant for every 

m d e  film. These MSGC prints were also assembled into the gas chamber for high 

voltage testing. No leakage current was detected when those prints were supplied high 

voltage ( 600V ) in gas chamber. which meant that the total leakage current was less than 

4.1.3.3 Post htrking process 

The stability and the uniformity of the high oiygen nickel oxygen films was 

tested. A MSGC print passivated with the nickel oxide film deposited in high oxygen 
1 

ambient was used as the testing sample. Table 4.3 through Table 4.7 lists the current 

value5 through anode-cathode pads when 20 V DC voltage was applied. 

In the tables, A - F stand for different anode-cathode pairs in one MSGC print. 

Surface resistivity, which was calculated with equation (4. I ) ,  is also listed in those tables. 

As discussed above. the desired surface resistivity of substrate is in the range'of 10" - 

10" Wsquare. The measurement results show that the resistivity of nickel layer was in 

the desired range. From the variation of sheet resistance of different anode-cathode pairs 



i t  can also be seen that, the uniformity of nickel film was acceptable. After open to air 3 

days the resistivity of the nickel film becomes stable 

To investigate the impact of the post baking process on the resistivity of the nickel 

oxide film, three MSGC prints were passivated with the nickel oxide films of different 

thickness. The same post bakingprocesses were applied to those three MSGC prints. 

The deposition energy for those three films were 50 Wxmin. 25 Wxmin and 10 Wxmin. 

So, thickness ratio for those three films was roughly 5:  2.5 : I .  These prints were baked 

by the hot plate at various temperature. They remained at each temperature for 20 

minutes. The resistance between the anode-cathode pair was recorded a f k r  each baking. 
5 - 

Table 4.8 1ist.s the resistance between the anode-cathode pair after each post heating 

process for the three prints 

Table 4.4 Measurement of resistance 3 days after baking, average resistance is 1.16 
x 1 0 l ' ~ l ~ ~ u a r e  

Table 4.3 Measwement of resistance after baking, average resistance is 9.9 ~ 1 0 ' ~  Wsquare 
anode 

A 
B 
C 
D 
E 
F 

anode 
A 
B 
C 
D 
E 

current (nA) at 20V 
319 
309 
289 
3 17 
336 
258 

sheet resistance (Wsquare) 
9.4 x 1 01•‹ 
9.7 x 10"' 
1.0 X I O "  

9.5 x 1 01•‹ 
8.9 XIO"'  

1 3 x l d '  

current (nA) ut 2 0 ~  
20.6 
35.5 
49.0 
17.85 
23.57 

sheet resistance (Wsquare) 
1.5 X I O "  

8.5 X I O "  

6.1 X I O "  

1.7 x10" 
1.2 x10I2 



Table 4.5 Measurement of resistance 4 days after baking, average resistance is 6.9 x l 0 ' ' ~ s ~ u a r e  

Table 4.6 Measurement of resistance 5 days after baking, average resistance is 6.7 x 1012Wsquare 

anode 
A 
B 
C 
D 
E 
F 

Table 4.7 Measurement of resistance 6 days after baking, average resistance is 5.2 x l ~ ' ~ ~ / s ~ u a r e  

current (nA) at 20V 
93.0 

x 42.0 
19.0 
51.9 
81.1 
52.0 

anode 
A 
B 
c 
D 
E 
F 

sheet resistance (msquare) 
3.2 X I O "  

7.1 x10" 
1.6 x10" 
5.8 X I O "  

3.7 x10" 
5.8 x10" 

When the prints were heated to 470•‹C, the sheet resistivity of all the prints is almost the 

current (nA) at 20V 
9.1 
5.1 
2.0 
5.8 
8.8 
8.9 

anode 
A 
B 
C 
D 
E 
F 

same and in the order of I 0''' Wsquare. 

sheet resistance (Wsguare) 
3.3 x 1 0 ' ~ -  
5.8 x10" 
1.5 ~ 1 0 ' ~  
5.2 x 10" 
3.4 x 1 o '?  

3.4 ~ 1 0 ' ~  

current (nA) at 20V 
16.7 
9.3 
2 .O 
5.1 
10.3 
12.0 

sheet resistance (Wsquare) 
1.8 x I 0" 

.3.2 x10" 
1.5 ~ 1 0 ' ~  
5.9 xl0" 
2.9 x 10" 
2.5 x 1 012 



From the experimental results it can be observed that the surface resistivity of the 

MSGC pript was not inversely proportional t6 the thickness of passivation layer. The fact 

a can be explained s following: The nickel on the surface of the print was oxidized during 

the post heating process and formed nickel oxide, which was a good insulating layer. 

  ow ever, the surfade molecules of the nickel oxide layer played a very important role on 

conductivity so that the final resistivity of nickel layer was independent of the thickness 
i 

of the nickel oxide layer. 1tcan also seen from Table 4.8 that the print A ( around 25 nm 

thick ) starts to increase in  resistance at 300•‹C whereas the print C ( around 5 nm thick ) 

>tarts to increase in resistance at 200•‹C. But all of them can reach the desired resistivity 

after being baked at 470• ‹C  I t  should also be mentioned that the advantage of thicker 

passivation layer is its better surface coverage: 

s 

4.2 Testing of passivation film in gas chamber 

-With the QPA02 electronic readout, the performance of the passivateci MSGC 

were tested: The preliminary trials were oriented to proving that the MSGC could sense 

X-ray radiation. For that purpose, the MSGC print whose 20 anodes were grouped to a 

single readout channel was used. The MSGC was operated with either an 85: 15 ArICO? ' 

or 90: 10 ArIDME gases. and was irradiated with a ~ e ' '  x-ray source ( 100pCi ). The 

characteristics of the signal from the MSGC, such as the temporal profile, the relation of 

peak height vs. cathode voltage and drift voltage were studied. 



4.2.1 Tempor$ behavior of signal from MSGC 
f 

To study the effect of the drift field on the charge collection of the MSGC, the 

shape of the avalanche amplification signal at different supply voltages Vd was recorded. 

Figure 4.5 shows the typical pulse of the QPA02 amplifikr fqr a ~ e "  radioactive source. 

The MSGC was operated while cathode voltage was -700V and drift voltage was -2000V. 

I. 

corresponding to drift field of about 6700VIcm. The anode signal has a rise time of 

-50ns and a fall time of -50ns. 
PC 

24d. 2900 3400 - 3900 4400 

time (ns) " , 

Figure 4.5 Output response of MSGC operated with Ar/C02 gas when V, = '70Q.V and 

Vd = - 2 0 0 0 v  



Wh n the drift potential was dropped by a factor of two, i.e. -1OOOV. 

J corresponding to drift field of about 3300V/cm, the peak height decreased but the pulse 

shape was essentially unchanged. That observation indicated that the drift field 

contributes to the gain of the MSGC but not to the response speed. As discussed in 

. . 
Chapter 2,  the function of charge collection is performed by cathodes in the MSGC rather 

than the drift electrode as in the MWPC. Figure 4.6 shows the anode pulse recorded for 

the ~ e "  radioactive source when the cathode potential was dropped to -630V. From 

Figure 4.6 i t  can be seen that the falling time is increased about 10% at that time. 

0 500 1 000 1500 2000 

time (ns) 

Figure 4.6 Output response of MSGC operated with ArICO? gas when V, = -630V and V,, 

= -1ooov 



* 

The longer falling time can also be caused by operating the QPA02 amplifier with 

larger load resistance. Figure 4.7 shows the temporal shape of the avalanche amplification 

signal of the MSGC which was operated under the same conditions as that in Figure 4.5, 

i.e. Vc = -700V, and Vd = -2000V, corresponding to a drift field of about 6700VIcm. 

The QPA02 was biased in the same conditions except the~oscilloscope was in 1MQ input 

impedance mode. The falling time increased to - loons while the rising time was still 

-50 ns. Due to the very high load resistance, the pulse ampl'itude doubles. 

2000 2500 3000 * 3500 4000 

' time (ns) 

4 

Figure 4.7 Output response of MSGC operated with Ar/C02 gas when the load resistance 

of QPAO2 is 1 M i l  

-2; 



4.2.2 Signal amplitude vs. cathode voltage 

The relation between the gain and the voltage field strength near the MSGC print 

was studied by varying the cathode voltage. Figure 4.8 displays the variations of output 

+- , ' 
peak value as a function of the applied cathode potential for a fixed drift potential of - . - 

2000v. 

Compared 30 the Ar/C02 gas, the MSGC had lower gain with the Ar/DME. 

. . 
Figure 4.9 displays the peak amplitude vs. cathode potential measured from the MSGC 

operating with the Ar/DME gas. The pulse amplitude was about half that of the MSGC 

when running with the Ar/COlgas. 

cathode vottage Vc ( V )  

Figure 4.8 Relation between output pulse height and cathode voltage when MSGC was 

operated with Ar/C02 gas 



cathode voltage (V)  

Figure 4.9 relation between output peak height and cathode voltage when MSGC was 

operated with ArIDME gas 

4.2.3 Pulse amplitude Vs drift voltage 

* 

The impact of the drift field on the gain of the MSGC was also studied. During 

this testing. the anode was grounded .through a IMR resistor while the cathode was 

wpplied a voltage of -700V. The amplitude variation of collected electrical impulses at 

the anode was observed by changing the drift voltage. The amplitude of signals from 

anode stripes, as a function of the drift voltage. is plotted in Figure 4.13. 



Figure 4.10 Curve of output pulse height Vs drift voltage when MSGC was operated with 

Ar/C02 gas when Vc = -700V 
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Figure 4.1 I Curve of output pulse height Vs drift voltage when MSGC is operated with 

ArIDME gas when Vc = -700V 

0 

500 700 900 1100 1300 1500 1700 1900 

drifting voltage (V) 



I 

Figure 4.1 I shows the curve of.output pulse amplitude vs. the drift voltage of the 

MSGC detector operated with the Ar/DME gas. 

- 4.2.4 Temporal stability of MSGC 

As discussed in Chapter 2, the avalanche discharge occurs in  the vicinity of the 

dielectric substrate in the MSGC. This is one of the main disadvantages of thd MSGC: 

the gain variation due to the accumulation of positive avalanche ions on the dielectric 

substrate limits the high rate capability of the detector. It has been reported that the gain 

of some MSGC detectors will drop 'and even stop working after operating for only 20 
. . 

minutes at moderate x-ray fluxes. In our experiments. a conductive nickel oxidation layer 

was deposited on the surface of the MSGC print to remove the accumulated charge. 

In  order to see how, the gain depends on the avalanche charge received and the 

effecti.veness of the nickel layer on removing accumulated charge, the detector was 

illuminated during a day with the ~ e "  radiation source. The activity of the FC" source 
-- 

was 100mCi. Figure 4.12 shows the variation of peak amplitude over one d;ly The gain 

of the MSGC is quit stable. I t  shows the gain variation was less than '+IS% over 24 

hours. indicating that the charge accumulating on the surface of the MSGC print was 

completely removed by the nickel conductive 1 ,  

I t  should be mentioned that aging 

polymerization of gas molecules in the aval< 

ayer at these moderate X-ray fluxes. 

phenomena can also be caused by the 

anche process. This causes a permanent 

damage in  the electrodes since the polymeric compounds are fixed to the anodes and 

cathodes stripes. 
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Figure 4. I 2 Variation of output peak height of MSGC over one day 

4.2.5 Discharge damage 

In the measurements reported above, the anodes were kept at ground potential and 

cathodes were set at negative voltage. A voltage of - 2000V was applied to the drift 

electrode. A stable signal. without discharge or any type of mechanical damage of the 

microstrip was observed when the cathode voltage was kept below -750V. 

During the operation of the MSGC, often minor streamers develop. Normally, 

these streamers do not lead to a trip of the cathode power suppry. However, since the 

heat capacity of a strip lpm thick is very limited, damage by the melting or even 
L 

evaporation of the anode strip can easily occur because a substantial amount of electrical 

energy is stored in the capacity of the cathode stripes. Figure 4.14 shows an example of a 



strip destroyed by such discharge when the applied voltage between anode and cathode 

was over 900V. 

Figure 4.14 Damage of MSGC print by discharge 

Normally, the streamer is terminated when the electric current has decreased 

below a certain limit. The end of the streamer can thus be eliminated by increasing the 

impedance of either the cathode or the anode strip, leading to an important reduction of 

the heat deposited. 

4.3 Summary 

To avoid the gain instability of the MSGC caused by ion accumulation, a nickel 

oxide layer was deposited on the top of the MSGC print. To remove ions on the 

insulating substrate as well as to apply high voltage ( 600 V ) to anode and cathode, the 

desired sheet resistivity of passivation layer should be in the range of 10" - 1014 R 1 

square. 



The nickel oxide layer of high resistivity has been achieved with DC sputtering 

nickel deposition in oxygen ambient, associated with a post heating process. The 

fabrication process of the high resistivity nickel oxide film has also been described. The 

electric property and stability have been investigated. The results show that the post 

baking process can increase the sheet resistivity of the nickel oxide film by two orders or 

more. The nonlinear behavior of the nickel oxide film can also be conv~rted to linear I-V 

characteristic by post-heating. Auger spectrometry results show that the nickel atoms on 

the passivation layer were oxidized completely in the post heating process by absorbing 

external oxygen molecules. 



Chapter 5 Characterization of Nickel Film 
and Deposition Process 

The ion accumulation usually occurs when the MSGC x-ray detector is operated 

with high x-ray f lux  detection, which causes local gas gain i&ttability. The stability of 

gas gain of MSGC was observed over 24 hours, as described in chapter 4. Limited by the 

availability of the radiation source, the experimerits have only been conducted with an 
\ 

5 5 Fe x-ray source of IOOpCi intensity. Further testing with high flux rate sources is 

essential to confirm the capability of the nickel oxide passivation fill;. Yet such testing is 

time consuming and difficult to do. 
w 

Additionally, the properties of thin films depend strongly upon the deposition 

technique and conditions used. In order to achieve the desired film, optimum deposition 
\ 

cond~tions have to be found by carrying out experiments in a trial-and-error fashion with 

varying parameters. Furthermore, many of the parameters. Guch as background oxygen 
, g 

P 

levels, are very hard to control, and are often deposition system dependent. This is I 

especially true far film deposition processes using a cold plasmas because of the poor 



understanding of the mechanisms. Previous work [I71 on the nickel oxide films has . P I  . 
0 

* 

proved difficult to reprodke the passivation layer due to such system sen~it ivit '~ ofk 
. < 

sputtering process. By introducing new measurements to observe and new methods to 
0 

test the film. better control of the process can bextained. 

In this chapter: a new approach using scanning electron microscopy ( SEM ) is 

proposed to examine the capability of the nickel oxide pkivation film to iemove 

accumulated ions, An intense incident electron flux can be achieved by increasing the 

current of electron gun in a scanning electron microscope. By observing the'charging 

effect in t6e SEM image. the capability of the MSGC for high f lux  x-ray detection can be 

tested 

It is known that the interaction of the oxygen with the nickel is a critical factor irl ' 

the sputtering process of nickel oxide deposition. It can be expected that the - 

4 ' 7  

characteristics of this reaction would be reflected by the spectrum and colour of the 

B 
plasma glow. To enhance control of the sputtering depo3itio~ process. a real time 

monitoring system. which consist of a colour CCD camera, image board and a host 

computer. has been employed to analyk the plasma status. 

5.1 Testing the performance of passivation film with the 
Scanning Electron Microscope * 

S1.1 Charging up in Scanning Electron Microscopy 

In SEM8, surface information is obtained by detecting the secondary electrons 

excited by bombardment of incident electrons. The incident electrons can be affected by 



the electrical field- in the surroundings of the specimen. which will cause the image 

information to be dependent on the environmental condition. To avoid that. the specimen 

is usually required to be conductive, and tied at a constant voltage potential when the 

electron energy is above a few keV 

Undm electron bombardment in the scanning electron microscope. an insulator 

i 

can charge up, which will ruin the image. The degradation of SEM image is attributed to 

the electron accumulation on the insulating surface, which is similar to the situation 

occurring in a MSGC detection as described in chapter 1 .  Therefore, the ion 

accumulation of a MSGC can be simulated with the electron bombardment in scanning 

electron microscope, and the performance of the nickel oxide layer on elimination of ion . 

accumulat~on can be tested by observing the SEM image of MSGC print. - 
+-.2 

5.1.2 Experimental procedure 

The scanning electron microscope used in the experiment was an Autoscan of 

ETEC Corporation. A specimen less than 5mm by 5mm was cut from MSGC pnnt, and , 

- 
glued in the sample post of the scanning electron microscope with silver con&ctive 

paste. The elearodes on the specimen of MSGC print were also connected to the post 

with silver conductive paste. 

-*- 
Three samples were made and tested. One was a specimen of the MSGC print +-$ - 

without the nickel oxide passivation layer. The substrate of the MSGC was laboratory 
'L, 3 ,  

glass, which was of very high resistivity ( over loi8 Wsquare ). 'The second one was a 

specimen of the MSGC print with nickel oxide passivation film. The sheet resistivity of 
I 



w 

the passivation layer was 1 .8x101' Wsquare. .To compare the behaviorsaof the MSGC - 
. - 

I . * 

prints with and without the nickel oxide passivation layer under the same .irradiation 

condition, a specimen of the passivated MSGC print and a specimen of the unpassivated 
. 
i 

MSGC print were mounted side by side on one SEM sample post. 

The chamber of SEM was pumped down to torr. The spec.imen was 
- 2 

illuminated by e-beam for 30 seconds before the electron accmulation was observed. 

During the observation. the ,scanning electron microscope was operated at 20 keV, and 
<, . . 

the current of electron gun was about 0.17 mA. The electron f lux  on the specimen 
< r ,. 6; 

* - '  
surface was I mA/mm2. As a comparison. suppose that the typical gas gain of the MSGC 

was 40000. the intensity of electron flux was equivalent to a radioactive source of 0.72 Ci 

over 1 mm2 area, if the efficiency of ionization is 100%. An intensity of 0.72 Ci over I 

mm' is a very strong x-ray source. which is over the loading limit of copper target. 

cc\ 5.1.3 Results 

The following aspects of nickel oxide passivation layer have been investigated 

with SEM: (a) observation-of qharging effect on the bare MSGC print, substrate, (b) 

comparison between a co,ated MSGC print and an uncoated MSGC print under the same 

irradiated condition. 

( c i )  Chcrrging effect ofrhe insrtluring MSGC subsrrcrre 

Figure 5.1 shows the images of the uncoated and the coated MSGC prints. These 
# 

two samples were tested under the same conditions. The SEM was still operated at 

20keV and 0. UmA. The samples have been exposed to e-beam for 30 seconds before the 



0) 

Figure 5.1 SEM images of (a) uncoated and (b) coated MSGC prints 



pictures were taken, which is equivalent to the 5 . 1 ~ 1 0 '  coulhnm'. Due to the cllarging 
2 

effect, the spatial resolution of the uncoated MSGC print was poor. Only a blumd image 
'k 

was obtained, as shown in Figure 5.l(a). Whereas, the edges of electrodes and other- E_ 

- 6  - 

details can still be recognized from the image of the coated MSGC prints, as shown . - in p 
k 1 

Figure 5.1 (b). This indicated that the nickel oxide film could drain off the sufface 

electrons effectively without accumulation. 

For further examination of the performance of the nickel oxide film, the SEM 

images were observed after scanning a small area ( 2.56mm2 ) for 30 seconds. Figure 5.2 

(a) shows the test result for the uncoated MSGC film. It can be seen from Figure 5.2 ( a j  

that there was a brYghter square in the upper side, which -indicated the heavier charging 
.V 

effect caused by long duration electron scanning. In contrast, there were no any bright 
I 

areas due to electron repulsion observed in  the SEM image of the coated MSGC print, as 

shown in Figure 5.2 (b) 

\, 

( h )  Cornpc~rison r$ the uncouted and coated MSGC prints 

- Although the coated and uncoated MSGC prints were tested by the same scanning 

electron microscope operated in the same condition, an attempt was made to avoid any 

fluctuations for a good comparison. To do this, the uncoated and coated MSGC prhts 

were mounted in the same sample post of the scanning electron microscope, so that their 

Images could be observed under the same irradiation condition. Figure 5.3 shows the 
\ 

image at the junction of the uncoated MSGC print and the coated MSGC print. The left 
3 

side of the figure is the image of the coated MSGC print. The right side of the figure is c 

\ 



(b) 
Figure 5.2 SEM images of the (a) uncoated and (b) coated MSGC prints after 30 seconds 

of electron scanning 



the image of the uncoated MSGC print. There was some silver conductive paste in the 

middle. The result shows that the coated MSGC print was not charging up under the 

electron bombardment. The detailed surface topography of coated MSGC print can be 

clearly seen from the image. Whereas, a bright image of the uncoated MSGC print was 

obtained, which was attributed to the charging on the uncoated side. The reason that both 

the anodes and cathodes were visible was that all the electrodes were grounded through 

the sample post. 

Figure 5.3 Comparison of SEM image of the coated and uncoated MSGC print 

5.1.4 Summary 

A new approach was proposed to examine the resistance to ion accumulation of a 

MSGC detector. In this method, a scanning electron microscope was employed to 

simulate the ion accumulation process using electron bombardment. The charging effect 



was tested by observing the spatial resolution of the SEM image. The experimental 

results showed that the nickel oxide passivation layer successfully removed the surface 

electrons under high irradiation rate. which is equivalent to 0.71 ~ l m r n '  radiation source. 

The charging up phenomena of the uncoated MSGC prints was observed easily. This was 

an indirect testing method. Nevertheless, i t  was a convenient way to test the MSGC 

prints. especially when there was no access to high intensity radiation sources and MSGC 

detection system. 

5.2 Control of nickel sputtering deposition with 
colormetric monitoring 

As noted in chapter 4, MSGC prints were successfully passivated with n~ckel 

oxide film. Although the system parameters on sputtering machine were found by trial 

and error, additional parameters in monitoring the sputtering deposition process have 

been invesfigated. 

The proprieties of the fabricated thin film is highly dependent on the plasma status 

generated between the target and substrate. Therefore plasma diagnostic techhiq%es are 
I 

important to determine the plasma conditions. The diagnostic methods themselves 

should not disturb the plasma. In this thesis, the plasma for nickel film sputter deposition 

was monitored by measuring the emission light of the plasma with a colour CCD imaging 

system. The imaging system also has the potential of monitoring the variation of plasma 

in time and space. 



5.2.1 Plasma and sputtering process 

The nickel film sputtering deposition was carried out in a cola plasma. To remain 
-< 

' 2. .:-* 
ionized, the gas must receive constant inputs of energy to offset the recombination of the 

* 

charged particles in it. It must also be kept at low pressure ( - ton ), to reduce the 
N 

collision rate and thus the recombination rate of the ions. Plasmas for nickel film 
D 

deposition are formed by applying a DC electric field to argon gas held at a low pressure 
CI 

in a vacuum chamber. 

Spectrophotometric measurement, however, may involve elaborate and expensive 

instruments, although the results are available in a perfectly definite and unambiguous 
\ 

form. The alternative is to monitor the plasma in several components. A system for 
/ 

optical measurement is schematically shown in Figure 5.4. In this system a colour 

camera IS employed to capture the colour information of the plasma glow. The data are + 
digitized by a image board and processed in a personal computer. Obviously, this system 

is able to in site monitor the plasma conditions in terms of chromacity, with which the 

spatial and temporary information of plasma can also be obtained. 

Computer 
Sputtering 
Chamber r Plasma 

Window I 
Figure 5.4 Schematic diagram of the system for chromacity measurement 

B 



5.2.3 Camcorder measurenihnt of plasma 
ST 

A proof of concept experiment for monitoring the sputtering deposition process 
3 

has been conducted. A Panasonic colour Camcorder was used to record the chromatic 

information of the plasma glow. The RGB components of colour video signals were 

separated and digitized by a image board, and processed in a PC. 

The colour Camcorder captured the colour image with a CCD detector array. 

Each pixel consisted of three detection elements with different colour filters, (R), (G)  and 
4 

(B ) .  The three primaries of this chromaticity measurement system were the colour of thC 

three filters, (R). ( G )  and (B). Their chromaciticy coordinates could be determined by 
/- 

their spectral transmission curves. 

The colour images of plasma glow in different gas ambient were acquired, 

recorded on tape and digitized by the image card. Figure 5.5 shows the typical pictures of 

plasma flames. When only pure argon was in sputtering chamber, the plasma glow was a 

blu5sh white. When oxygen was introduced ranging from 5:l argonloxygen to t:l 

argonloxygen, the plasma glow overall became redder with increasing oxygen. 

r 

The relative compositions of each plasma glow were calculated. The colour of 
L- 

plasmsglow was known to change from blurish white to pink when the oxygen flow rate 

b 

increases, the ratio of r to h was chosen as the criterion for monitoring the gas ambient in 
t 

the sputtering chamber. Two methods were used to calculate the rlh ratio of the plasma 

flames: first. the plasma glow region was determined b on the light intensity. Then 

'\ 
the central point of the region was selected to calculate r h  ratio. Second, a central 



row in the image of the plasma glow was selected. The average r/b ratio along this row 

was calculated. 

(c) 

Figure 5.5 Images of the plasma glow under (a) pure argon (b) 5: 1 argonloxygen (c) 1 : 1 

argonloxygen 



In the experiments. data of the plasma glow was acquired under three gas 
i 

conditions, i.e. pure argon, 5: 1 argodoxygen ratio and 1: 1 argodoxygen ration. After 
P 

/* 

changing the gas flow rate, the plasma reaction was allowed to get stable for 10 minutes - 
P 

r- - 

befpre the measurement. The experimental results are listed in table 5.1. It shows that 
?*~ 

the rlb ratio decreased when the oxygen flow rate increased. It indicates that colour of the 

plasma glow was moving toward the red from blue, which was consistent with the 
4. 

observation of, plasma glow colour. Quantitative indication was given by the 

9 
measurement, and about two times difference existed in the average rlb ratio when 

argodoxygen raio was 1 compared with pure argon. A larger difference was found in 

the central paint measurement. 

The changing of plasma glow, which was caused by introducing oxygen gas, also 

implied that the Qaygen molecules were ionized in the plasma, and became very active 

ions. It can be predicted that a chemical reaction between oxygen and nickel atoms is 

t 
necessary to form the nickel oxide deposited on the surface of MSGC prints. Although 

not all nickel atoms need to be oxidized completely, it plays a critical role in the 

conversion of nickellnickel oxide film to the high resistivity passivation layer by the post 

, baking process. As noted in chapter 4, it was found that the 10'~SUs~uare sheet resistivity 

could not be achievedJrom a metallic nickel thin film with a post baking process of as 
' 

high as 500•‹C temperature. 

I Tctble 5.1 Exuerimental results of measrirement Of ulusmu plow 

I I central point . central row I 
gas condition 

pure argon 
5: 1 Arlo2 
I : I Arlo? 

b 

r/b 
1 . 2 3 .  
3.56 
12.48 

rlg 
0.18 
0.14 
0.19 

g;/b 
6.83 
25.43 
65.68 

r /b 
1.58 
2.35 
5.36 

/g 
0.17 
0.13 
0.17 

9.29 
18.08 
3 1.53 



5.2.4 Computer-Camera rneasuremeht of plasma 

Several computer-based live video camera systems have become available which J 

' avoid the need for the frame grabber. A monitoring system was built up with a CCD 

camera connected through the parallel port of a PC: Since the image board was not 

required in this system. the cost of the monitoring system drops significantly. We used 

QuickCamB color CCD camera of 240x240 pixels, which costs only Cnd$350. 

In this measurement. the camera was rigidly mounted on a stand so the same - 

a. 

location in the plasma stream could be measured from frame to frame. Also the real time 

control of the CCD exposure level allowed both the brighter and dimmer areas- o i  the 

plasma ro be investigated. 2 6 l e v e l s  were taken for each r, g, b colours. As a;- 

comparison, two sets of the plasma images were acquired, corresponding to the pure 
L 

argon sputtering chamber and 1 : I argonloxygen sputtering chamber. To investigate the 

different parts of the plasma, the images of the plasma glow were taken by using different 

exposure levels to image the different parts of the plasma beam. Figure 5.6 shows the 

images of the plasma glow of the pure argon chamber while Figure 5.7 shows the images 

r 

of the plasma glow of the 1 : 1 argonloxygen chamber. 

The spatial variations of the plasma colour was' studied in this experiment. 12 

points on the scene were selected to calculate the chromaticity coordinates of the glow. 

Figure 5.8 shows the positions of the sampling points. 

Table 5.2 and 5.3 list the raw data of the chromatic measurement. The ratio of red 

and blue components was still used as the criterion, and the experimental results, which 

were calculated from Table 5.2 and 5.3, are listed in table 5.4 and table 5.5. The point 



index used in those tables is shown in Figure 5.8. It was defined as under exposure when 

the value of any component was less than 50, while it was defined as over exposure when 

the value of any component was equal to 255. " - " in Table 5.4 and 5.5 indicates that the 

CCD camera was operating in either under exposure condition or over exposure 

condition. 

Figure 5.6 The plasma image set for the pure argon chamber under different illumination 
setting of camera 

(a) 1 10, (b) 120,(c) 130, (d) 140, (e) 150, (f) 160, (g) 170, (h) 180, (i) 190 (j) 200 

From the experimental results listed in table 5.4 and table 5.5 it can be seen that 

the ratio of red and blue components increased about 30% when the equal quantity of 



oxygen was introduced into the pure argon sputtering chamber. Obviously, the r/b ratio 

increased when some oxygen was introduced into the sputtering chamber, which is 

consistent with our previous analysis and experimental results. It can also concluded that 

the different illumination of the CCD camera should be set to observe the spatial 

distribution of the plasma chromacity. Table 5.6 lists the ratio between each item of 

Table 5.4 and the corresponding item in Table 5.5. 

Figure 5.7 The plasma glow image set for the 1 : 1 argonloxygen chamber under different 
illumination setting of camera 

(a) 1 10, (b) 1204~)  130, (d) 140, (e) 150, (f) 160, (g) 170, (h) 180, 0 )  190 (j) 200 
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Figure 5.8 Sampling points on the image of plasma glow 

Table 5.4 Experimental results of the multiple point chromatic detection 
( pure argon chamber ) 

I position I0,O I1,O 12,O 13,O 10,1 I1 , l  12 , l  13,1 10,2 11,2 12,2 13,2 1 

Table 5.5 Experimental results of the multiple point chromatic detection 



5.2.5 Summary 

Table 5.6 ratio between the r/b listed in Table 5.4 and Table 5.5 
* 

A measurement technique was developed to control the nickel oxide passivation 

position 
illumination. 

process. A monitoring system, which consisted of a colour CCD camcorder, an image 

0.0 I 1 , O  1 2 . 0  1 3 . 0  1 0 , l  1 1 . 1  12.1 13.1 1 0 . 2  1 1 . 2  ( 2 . 2  1 3 . 2  
variation of r/b ratio 

board and a host computer, was employed to monitor spectral components of the plasma 

glow in site. Due to the CCD detector array used in the measurement, the system has 

potential to acquire 2 dimensional chromatic information in real time. 

The ratio of r and b was chosen as the criterion of monitoring the plasma 

condition. Experimental results show that the average r/b ratio can be changed by two 

tlmes when percentage of oxygen in chamber was increased from 0% to 50%. 

The monitor system, alternatively, was also built up with a QuickCam connected 

to the serial port of a PC. The advantage of this system was that the image board was 

avoided so that the overall cost of the monitoring system decreased significantly. 

Experimental results shows that the r/b ratio increased-as much as 40%, which can be 

u e d  as the criterion to monitor the plasma status. 



Chapter' 6 Conclusions and Future Works 

In this thesis MSGC prints have been fabricated with basic photolithographic 

processes. To avoid charge accumulation on the insulating substrate under high flux, the 

MSGC prints were passivated with a nickel oxide film ,b,y sputtering deposition. The 
. . 

desired sheet resistivity of the passivation layer was achieved by controlling the gas 

ambient in sputtering chamber and a post baking process, which resulted in values in the 

range of 10' ' - 10" R/square. 

The characteristics and properties of the nickel oxide film have been investigated. 

The V-I curves of the nickel oxide film were measured with a semiconductor parameter 

analyzer. It has been found that the nickel oxide film performs linear I-V relation after 

the post baking process. Stability of nickel oxide film has also been examined by 

observing the variation of the sheet resistivity f ~ r  a long period. The results showed that 



the sheet resistivity of 

stable after one week. 

the nickel oxide film is always in the desired range, and became 

\ 

A MSGC x-ray detection system has been assembled to test the performance of 
-3% 

the MSGC prints in x-ray radiation detection. Gas gains over lo4 were achieved with the . . 

.MSGC prints when anode-cathode voltage was -700V and drift voltage was -2000V. The 

pulse width is around 100 ns. which implies that the MSGC detection system can be 

operated up to the I0 MHz. 

To improve the reproducibility of the nickel oxide passivation process, a 

chromatic monitor system was introduced into the sputtering process. The plasma status 

and the gas ambient in the sputtering chamber were characterized by monitoring the 

emission light of the flame. Preliminary experimental results showed that the 

var~ation of oxygen gas flow rate could be sensed by the monitor system. 

In this thesis, a novel approach was proposed to .verify capability of the nickel 
" "7 

C 
oxide film to eliminate the ion accumulation 'r. on the insulating substrate. When the 

1 

MSGC prints were observed under SEM, electrons from the SEM also cause the 

Insulating substrate charging up, and lead to ri blurred image. By observing the SEM 

image of the MSGC prints, one can tell whether those electrons hitting the MSGC print 

surface could be drained by the nickel oxide film. 

For further investigation, the following studies are suggested: 

( 1 )  The performance of the nickel oxide film should be verified under high intensity 

X-ray radiation; 
P 

(2 )  SEM results should be compared with intense X-ray flux results; 



( 3 )  The colour. CCD camera should be calibrated before being used in a chromatic 

monitoring system. 

Before a X-ray detection system using MSGCs can be used in industrial 

applications, it is suggested that further experiments and ,improvements , should be 

conducted. which include wiri!g the MSGC prints. adding a high speed pulse counter to 

the system, and selecting a working gas mix. , 

( I ) wiring the MSGC prints 

To achieve high spatial resolution and high gain the anode pitch of the MSGC 
\ 

prints is about 200 - 300 pm. Therefore, a high density wiring method should be used to 

connect each e!ectrode,to its preamplifier. 

(2)  h i g h  speed pulse counter 

The MSGC x-ray detection 

the number of the pulses caused by 

used to process the signal from the 

system measures the radiaiion intensity by counting 

x-ray photons. A high speed pulse counter should be 

preamplifier of each channel. The bandwiNof  the 
\ 

counter should be large enough to record the pulses of 100ns width. 

( 3  ).srlec.rirlg ~ w k i n g  guses 

More efforts should be exercised in selecting working gases for the MSGC 

because chemical contamination has already been found in the MSGC prints. Various 

ionization gases should be tested in terms of both gas gain and chemical stability. From 

previous research of other groups. Ar:DME may be a good choice . 
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Appendix 1 - QPA02 Amplifier 

The output electrical signals from MSGC are amplified, measured and displayed 

with the readout electronic system. The readout electronic system consists of a QPA02 

amplifier and the Tektronix 2025 digital storage oscilloscope. The QPA02 is a high 

speed bipolar transresistance charge amplifier. It converts an impulse of electric charge to 

a fast voltage pulse. It was originally designed as a silicon strip amplifier in Fermi Lab. 
"a 

The gain of QPA02 was claimd in the order of 15mVIfC while the rise time .was less 

than 38 ns. 

A l . l  Schematic of QPA02 amplifier 

The QPAO:! is a two stage amplifier. The schematic of QPA02 is shown in Figure 

A1 . I .  The first stage is a transresistance feedback amplifier in common emitter 

. . 
configuration to convert a charge input to a voltage output. In this stage, Q1 is input .- - -4 

transistor in common emitter configuration. The cascade transistor Q2 limits input 

capaciiance due to Miller effect. The transistor Q3 is a voltage follower, which buffers 



, 
the output signal to the second stage. The second stage is a differential voltage amplifier. 

Its function is to boost the gain, shape the preamp output, and provide differential outputs 

V a l  

V a l  3 V d  

. V a l  V a l  

Figure A I .  l QPA02 schematic [28] 
E 

9 to drive a transmission line. A current mirror. Q10 and Q1 1 biased the differential pair. 
F *  

Q8 and Q9. A reference preamp stage, which is simila; to the input stage, is connected to 

Q9 to provide DC tracking to the second stage. This reference can alleviate the 

fluctuation of the DC bias levels due to temperature effect while the gain of second stage 

e is high. The amplified differential signal at the collectors is buffered by Q12, Q13, Q22 

w d  Q23 so that a transmission line can be driven directly. 



9 It can be seen that the output driver transistorsae tonnected to a separate power 
52 

pad, VCC2. The advantage of the separation of power supplies is to avoid the problem of 
b -. * 

coupling to the inpui circuitry. In addition, VCC2 can be 
.t 

independently adjusted. Lower VCC2 can also decrease power dissipation. but nohal ly  

i t  should not be more than 2.0 volts lower than VCC 1 .  

VCC l 

VCC2 

GND 

NC 

VEE 1 

0 0 0  0 0 0  
1 2 2 N 3 3 4  
B A B C  B A B  

. , 
V I  V N V I  T 
B N E C E N E  

2 E E 3 S  
2 3 T 

I 

4 3 2 1 2 8 2 7 2 6  
5 2 5 -  
6 2 4 .  
7 23 

8 QPAO2 22 

Figure A 1.2 Pad diagram of QPAO2 chip 

e 

0 4 A  

- KCCl 

. .VCC2 

- GND 

QPA02 chips bonded into 28 pads chip carrier are available, which contains four 

amplifiers. The pad diagram is shown in Figure A1.2. Power supply pads arid ground 

pads are on either side. The input stages are on the bottom half of the chip, and the 

amplifier stages are on the top half, which maximizes isolation between 'inputs and 

outputs. A separate reference pad (VEE) is necessary for each channel to avoid common 
* 

impedance crosstalk. Since this amplifier has a large gain-bandwidth, special care in 

gounding and shielding is required for practical use. 



\ 
1 Appendix 2 , \ Microgap Chamber Prints 

Microgap Chamber MGC ), proposed by Angelini [23] in 1993, is a modified i 
MSGC detector to d charging up of the insulating substrate. In this thesis. we r"/ 

p 

attempted to fabri4ate microgap chamber detector prints with the existing techniques in 
k 

the cleanroom laborato+>~imon Fraser University. Two approaches were presented to 
'\- 

fabricate the MGC prints in insulating layer and anisotropic 

etching method. \ 

The instrintic feature oi  MGC detector is that the separation betwed anode and 

cathode is only a few microns, therefore the collecting time of avalanche charge is very 

short. Another advantage of MGC over MSGC is that the charge accumulation problem 

can be avoided in MGC because there are nearly no insulating materials exposed to 

ionization gas. MGC can also be built using microelectronics technology. 



The MGC detector has been implemented with plasmas enhanced chemical 

vapour deposition and dry etching processes. In this thesis, some microgap prints were 

designed, and then fabricated with two alternative approaches. First, a spin-on-glass was 

used as an insulation layer. Second, a structure, which was formed with anisotropic 

etching process, was used in MGC prints. 

A2.1 Microgap chamber print with spin-on-glass insulation layer 

A2.1.1 Structure of microgap plate 

Fig. A 2.1 shows the top view and cross section of the detector plate, which 

consists of substrate, the first metal film, insulating layer and the second metal film. 

(i) top view 



(ii) cross-section view 

Figure A2.1. Structure of MGC print, (i) top view, (ii) cross section view 

A - anode width ( lOpm ), W - edge ( 5pm ), P - anode pitch ( 200pm) 

(a)  Substrate. In our project, the p-type silicon wafers of <loo> orientation were 

used as substrate, which act only as a mechanical support. Silicon wafer were used due to 

this uniform defect free surface, low cost, and easily handling in standard procedure with 

standard clean room equipment. Eight different designs were integrated on each 4 in. 

wafer. 

(b)  The first metal film. This aluminum layer of about 1 micrometer thick was 

deposited by sputtering process on the silicon wafer. This metal layer was used as a 

cathode to collect the positive charge. 

(c) insulating layer. The insulating layer is formed by putting the multiple layer of 

spin-on-glass on the top of the first metal layer ( see section 6.1.1.3 ). The insulating 

strips were obtained by patterning and etching the spin-on-glass layer with BOE ( 

Buffered Oxide Etchant ). The thickness of the spin-on-glass layer is 1 .lum, 1.3um and 



1.4um. respectively. where the insulating layer was 10 micro and 20 micro wider than th ,) 
bnodes. 

(d) The second metal laver. This aluminum layer of about 1 miqometer thick was 

deposited by sputtering process on the top of the spin-on-glass. This aluminum layer was 

patterned and etched to form the a n ~ d e  strips, which laid on and ran in parallel to the 

w 
oxide microstrip beneath. The width of the anode strips were 20. 30, 40 and 50 microns, 

3 respectively. There were two lengths of the anodes, 14.9um and 37un1. 

A2. 1.2 Print fiihricution process + - 
The process of fabrication of the microgap prints can be divided into two steps, 

i.e. film depositions and etching. 
C 

( ( 1 )  Filrn deposition. 

In the fabrication of the microgap plate, we need to deposit aluminum film twice 
4 

by sputtering as well as to deposit the multiple layer of spin-on-glass between the two 
a 

metal layers. Before the deposition of the first metal layer, the surface of silicon wafer is 
$ 

prepared with RCA cleaning process. which includes the removd of organic material, 

hikcon oxide and metallic ion. Both of those two aluminum layers were deposited in the 
9 /' 

ambient of argon at the pressure around 10-3 torr. The thickness of aluminum layers were * * 

controlled by power and timing to about 1 micrometer. 

For the insulating layer, we used the ACCUGLASS 31 1 spin-on-glass to form 

,silicon oxide film on the top of thP first metal layer. The ACCUGLASS 3 1 I spin-on-glass 

/- 



is a product of Allied Signal Corp., which is the widely used 'planarization material in IC 

industry. The relationship between spin speed and final thickness is : 

where the z is the final thickness and o is the spin speed. From the data sheet we know 
)r 

that. the ACCUGLASS 31 1 spin-on-glass will yield film thickness of 3 2 0 0 ~  when 

spinning at 3000 r.p.m.. We also measured the 

with spinning at 2000r.p.m. with profile meter. 

the thickness of spin-on-glass, can be estimated, 

thickness of a spin-on-glass layer formed 

It is about 3 8 0 0 ~ .  With Equation (A2. I ) .  

as listed in table A2.1 

In our experiments, we 4eposited three samples with different spin-on-glass 

layers. For the first one, three spin-on glass layers were coated sequentially on the surface 

w of the first aluminum film, in which the spinning speed for the first two layers is 2000 

rpm and then the spinning speed increase to 3000 rpm for the third layer. The thickness of 

the isolating layer is about 1 0 7 0 0 ~  ( 1.07pm). The second sample was coated with three 

layers by 2000 rpm and one by 3000 rpm, so the thickness can be estimated as 14500A 

( 1.45pm). The reason that we used high spinning speed at the final layer is to obtain a 
*. 

smooth surface for deposition of the second aluminum film. Obviously, that smooth 

-surface is especially important here because a intensive electric field will be built up 
# 

between the anodes and the cathode for avalanche amplification. A coarse surface will < 
I 

cause discharge at relatively low voltage. 
b 



For testing, we also try to coat the spin-on-glass layer with low spinning speed. 

table A2. I .  Estimatedfilm thickhess at dflerent spinning speeds 

The third sample coated with two layers 0f spin-on-glass by 500 rpm. The 

corresponding thic of , the v golating layer is about 15200A ( 1  .52pm). The 

spin speed (rpm) 
thickness (A) 

specification of those insulating layers are sunamarized in table A2.2. 

3000 
3 102 

Thickness is estimated with Eq ( 1 ) 

Tuble A2.2. specification of the insulating lavers 

I t  should be pointed out that the deposition of spin-on-ilass usually includes a 

configuration 
thickness 

triple hot plate bake sequence ( 100•‹C. 200•‹C. 400•‹C d after each spin coat. The hot plate 

500 
7600 

2000 
3800 

hake cdnfiguration starts with a low temperature hot plate and increases with successive 

1000 
5374 

The number in ( ) stands for spinning speed 

sample 1 
2x(20oO)+ lx(3000) 

1.07pm 

F- 

plates. These sequential temperature increases allow gradual solvent evaporation. A low 

initial hot plate temperature, can also improve planarization and lower defects. For 

. , 

multiple coats. the temperature of the hottest plate should be sufficiently crosslink the 

sample 2 
3x(2000)+ lx(3000) 

1.45pm 

film so that i t  is not 3 isSolved by the solvent,of subsequent dispenses. 

sample 3 
2x(500) 
1 S2pm 

The conventional isotropic wet etching processes were used here to pattern the 

second metal and insulating layers. For the second aluminum layer, the etching process is 

operated at the temperature about 50•‹C with the aluminum'etchant. The spin-on-glass 

layer w7as etched by BOE. Caution must be taken in the etching process of insulating layer 



# * 

because the etchant of BOE also etch the first aluminum layer. Fortunately, the etching 

- 3 

speeds of BOE to spin-on-glass and aluminum layer are quite different. Before 

fabrication. we tested the etching processes  of spin-on-glass, and aluminum layer 

separately. It was found that i t  would take about 30 seconds and 10 minutes to remove the 

spin-on-glass and aluminum layer of lpm thick, respectively. So, we can control the 
* 

etching process of spin-on-glass layer by timing. 

The detailed operating conditions used in etching processes for metal layer and 

insulting layer are listed in table A2.3. This is a multiple layer etching process. so the 

alignment was necessary. 

t ~ ~ b l e  A2.3.  etching conditiorls for trtetal and insulatina lavers 

1 etchant I aluminum etchant BOE I 
exposure time (sec) 

For those three samples. we used the same mask for the second metal laycr and 

different masks for the insulating layer so that the configuration parameters indicated in 

Fig.6. I of each prints as the following: 

aluminum layer 
23 

etching temperature ( O C )  
etching time (sec) 

spin-on-glass layer 

t 30 

50 
120 

ruble A2.4. confiyurution parutneters of microgap prints 

I SOG thickness ( ~ m )  1 1.0105 I 1.2977 I 1.45 15 I 

room temperature 
30 

sample 1 

anode thickness (pm)  
anode pitch (pm) 
W (urn) 

SOG: sp~n-on-glahs 
F o r  saniplc I. SOG th~ckncss  is est~niarcd hy uslng the avcragc o f  sample 2 and 3 as a n t d c  thickness ot 

sample 2 

1.1791 
200 
0 

sample3 
,A 20, 30,40, 50 20, 30.40. 50 20, 30.40, 50 

1.1772 
200 
10 

1.181 1 
200 
20 



We also measured the aluminum and spin-on-glass layers with profile meter. The 

measured results are also listed in table 6.4, which agree very well with the estimated 

values above. 

A2.2 Microgap print by anisotropic etching processing 

The microgap structure were fabricated on the silicon wafer, and an anisotropic 

etching technique was used to form the microgap structure. Being compared with 
I 

-- 

previous MGC structures, the new fabrication procedure is only involve the 

photolithography process once. So, any defects caused by misalignment during 

multilayer procedure were avoided in the new method. 

A2.2 .  I Nerr- opprouch to MGC structure 

A new approach to MGC structure was proposed, in which the microgap structure- 

was formed on silicon wafer first, then a metal layer is deposited on the top of t h ~ s  

structure to form anode and cathode. The procedure is shown in Figure A2.3. 

The microgap structure can be realized through anisotropic etching process. By 

using ethylene diamine, pyrocatechol and water (EDP) as etchant, the anisotropic etching 

rate ratio between ( 100) and ( I 1 1 )  direction of silicon crystal is about 35: 1. Therefore. 

with the anisotropic etching process some unique geometry may be realized with silicon_: 
3. 

wafer. Figure A2.3(a) shows the cross section view of grave formed by the anisotropic 

etching on (100) wafer. The angle of the side wall is .about 54.7401 which is angle 

between the <100> plant. and <I 1 I> plane. 



Figure A2.3 Schematic of MGC print fabrication on silicon wafer. (a) '  mlcrogap 

structure formed by EDP etching on (100) silicon wafer; (b) aluminum film deposition on 

top of micro structure; (c)  MGC print after removing aluminum film on side wall. 



A metal layer is deposited on the top of microgap structure by DC sputtering, as 

shown in Figure A2.3(b). Since the sputtered metal particles is deposited perpendicular 

to the surface of substrate. metal film on sidewall will be thinner than that on the other 

area. The thickness of the side waH film can be estimated with: 

where t ,  and rl, are the thickness of metal film on side wall and other area, respectively. 
C 

The thickness difference between .the side wall film and others enable us to remove the 

t metal film on the side wall area by controlling the conventional metal etching process 

The residual metal films on the top and bottom will works as anode and cathode, 

respectively. 

The advantage of this new approach is that only one photolithography process is 
- 

used in fabrication. For the previous MGC process, multiple photolithography is involved 

to pattern both the second metal layer and the insulating layer. The alignment between 

each patterning is crucial because a very high voltage will be applied between the anode 

and cathode for avalanche amplification. The error tolerance of the alignment becomes 

.stringent when fabricating large arca x-ray detector of MGC. Since only one etching 

process is used in our fabrication, the deliberate mask aliflment is avoided. Also, the 

thermally grown oxide has a higher break down voltage than the spin on glass. 



A2.2.2. Fabrication Process 

The process of fabrication of the microgap prints can be divided into two steps, 

i.e. microgap structure formation andelectrodes deposition. 

( a )  Microgap structure formation 

Microgap structure was fabricated on ( 100) silicon wafer by anisotropic etching 

t e d i q u e  with EDP. The reasons that EDP was used as etchant are: ( 1 )  a large 

anisotropic ratio (35:l)  i~ possible with EDP; (2)  i t  can be masked by SiO-, and many 

other materials. In this project, microgap structures were fabricated on four silicon 

wafers. We also used SiO-, layer as the mask for EDP etching.rThe fabrication process 
- 

includes the following steps: 

The silicon oxidation of those wafers was done in steam at about 1100•‹C for 

F; 

about 45 min. The thickness of the oxidation layer is about 0.5&1. which can be 

estimated by color of the film. 

The oxidation layer was patterned with the mask. The patterned oxidation was 

used as mask in the following EDP etching process. 



- --. 
EDP etching 

Anisotropic etching processes of patterned silicon wafers were conducted with 

EDP etchant. The temperature of EDP solution was about 96•‹C. Different etching period 

was used to each wafer for different depth of microgap structure, The grave depth of 

microgap structure was measured with profilometer. The etching time and resultant 

microgap depth were listed in table 6.5. 

Table A2.5 EDP etching and measurement results 
temperature ("C) 

Wafer A 

Wafer B 

Wafer C 

rr; Limited by the measurement range ( 30pm ) of profilometer, the depth for Wafer 

time ( m i n )  

96 

Wafer D 

D can not be measured. 

depth (pm) 

96 

96 

( h )  Elvctrode deposition 

The electrodes (both anode and cathode) are made from the aluminum film 

deposited by sputtering. Then the aluminum layer was etched without mask. Since the 

thickness of aluminum layer was different on the side wall and other places, the 

aluminum film on side wall would be removed first. The etching process was stopped at 

7 

96 

this moment, and the residual aluminum films on top and bottom of the grave were used 

107 

3 .7069 

15 

25 

13.8437 

23.48 14 

5 0 -46 



as anode and cathode, respectively: In the aluminum film deposition of wafer A and C, 

a DC biasing y~ltage was applied between the substrates and aluminum target. The 

purpose of this DC biasing is to accelerate aluminum particles in sputtering and improve 

the collimate the particle beam. It'was expected that this measure can ensme the film 

thickness difference between the side wall area and others. A biasing voltage of 200 volts 

was used, which is limited by the specification of sputtering machine. For comparison. 

aluminum was deposited on wafer B and D without DC bias. 

Sputtering was conducted in the Ar ambient of 10.' Ton. The sputtering process is 

controled by current. and thickness of the aluminum film was around 1 pm. 

i 

After deposition, the aluminum was etched with aluminum etchant. From eq. ( I ) i t  

can be found that the thickness of aluminum layer on the side wall is about 0.577pm 

while thickness of aluminum on other area is about l i m .  After etching, about 0.3pm 

aluminum was left, this was used as anode or cathode. 

Timing in this etching process was critical. The aluminum etching was conducted 

in room temperature instead of 50•‹C to slow down the etching rate for control ease. The 

etching process was stopped from time to time, and resistance beiween anode and cathode 

was measured with a multimeter. The whole etching process was finished when i t  was 

found that resistance between anode and cathode became infinite. 


