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MICROCHANNEL PLATES 

.. · . . 

. .· 

,, 

1.1. Theory 
. .. . .. . . . . . . 

. .. 

1.1.1.· Iritroduction* 
• < • • 

A microchannelplate electr6n ciultiplier (MCP) consists of 

an array o·f tubes, or channels, fused in the form of a thin 
. . 

. . . 

disc (see Fig. 1-1) .. Its main application lies . in image i~ten-
. . ' . . . 

sification but it can also be used for the .detection of par-
. . 

ticles, X-rays and ultraviolet radiation. The operation of 
. . 

the MCP is best described in terms of that of ~ sing~e-channel 

multiplier; that; is.: in.·.:- ter.ms of one unit of· .. the matrix. 

Single-channel · .• elect:rdti -~tliti.p:I.iers , gen~~c'1lily called "channel-
• 0 * * 0 0 0 0 ', •• .·:.·.. .... 0 •• •• • •• • •• 0 •. • • 0 0 ••• •• 0 ••• H ..... •• 0 0 0 •• 0 0 0 0 0 • ' 0 

· .. '•, 

trans" have· ... be:e;n::.·.s:u;ec:ess·.-·ful:.l .y .· ·u ·.s·ed ·· ·f ·or . . ·a.· ··number · of years . 

for the detectioh of p~rtic].es , . ultraviolet •. radiation, and x-
. . . . . . . . . . . . . . . . ': . : . . . . . ·. . . ' 

rays. They offer seve~al ·· advantage~ · ·_ Ove:rcoriventional dis-
. . ·. . . . : : · .. · . . . . . . . . . . ' . . . . 

crete- dynode IU\.lltipl.i~l: s; . in :Particular; high electron gain, 
. . . ' 

. . . . 

lo.w background · couri.tt•a·te:·, ... and · ·low·· power.· ··.consumptio~, 

with ruggedness, small · physical . ·.size, ·and _sdmpliqi ty 
. ' ', . : .· ' '•' . : . . . . . . .· . . . . . . . . . . . ... ·. •' . . 

* Parts of this t~xt. : aJ:.~ :ta;ke:n ~rom· :· . [Philip.·s~· ,. 1976 J:... 

coupled 

of use. 

Other review article~:t~aumgartner, 1976],[Wiza, 1979] 
. . . . ' . . . . . .. ~ . 

and [Lampton, 
. . 

. . . . . ·. ·. . . . . . . 

1981 J $ 

. '. 
' ' . . 

. ' . . . . . 

. . . . 
' . . . . . . . . ** . . . . . . . . . . . . . . . . . 

"Channeltron" is a registered trademark of Galilee Electro- OptJ..cs Cor~ . . . 

poration, USA. . . . 
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The principle of operation of the single-channel multiplier 

is illustrated in Fig. 1~2. The·· channel consists of a hollow 

glass tube, about 1 ·mm ·in diame·ter·, with an internal resis--
• 

tive surface processed to have ··a· h'igh secondary emission co-

efficient. The ~ultiplier is oper·ated in vacuum with a poten<S>I 

ti~l difference· applied betwee~ electrodes at the ends of the 

tube. When a particle or phot·on enters . the low-potential end 

of the tube and ·Collides with the wall, several secondary elec

trons may be produced. If so, the:se are accelerated by the 

·applied axial field and in turn produce more secondaries" This 

process is· repeated many times along the channel, and a large 

number of electrons (up to 108 ) finally leave the high-poten-
.·· .. 

tial output~ · . . . ..... 

The elect:ro.n gain of · t ·he cha·nnel· depends on the applied 

voltage, on the ratio of channel l .ength to diameter, and on 

the secondary emission characteristics of the channel surfaceo 

Typically, the gain increases from about 10 3 at 0.9 kV to 

more ,>than 108 at 3 kV. Because the gain is determined by the 
. ·. · .· .. 

length .to.· :d:i.aJnet.er ratio. o.f . the · c11annel and not by. its overall 

size, t ·he dime·nsio·ns can be· scaled down without affecting 

perform~nce. Thus, very small multipliers whose dimensions 

. are li~ited o~ly by the techriology ·and the abili ty of the 
. . . . ~ . 

channel ~~tarial to withstand electrical breakdown can be madee . . . ~ 

. : . . 

By construct.·:i..ng a parallel arr.ay of straight single-channel 
. . . . ' •' . . 

. . 

multipliers, e··ach having an :t-ntern.al diameter of about 25 11m, 
...._.; . .. 

a : ·d·evi .. d:e····· c;a.n ·· ·be In·ade W:hich ···w.·ill. amplify an electron image e 

Such a · device (s·ee· Fig:S •. · .. l.~l .... and 1-3) is called a cha .. nnel<=l 
. . . . . .. 

plate electron ·multiplier, or microchannel plate (MCP). It is 
. -

normally operated at about 1 kV and has a gain of at least 
3 e .· ·. 3 

10, typ~cally ... 3x 10 . • 

. . . . . . . 

. 1 • 1 • 2 • Con~.s·,truc.t··i ·on. 

. . 

As stated above, a· rnicrochannel plate comprises 

of si~gle-chan.nel electron multipliers. The number 

a matrix 

of multi.,., 

pliets, or channels, and their dimensions are determined pri~ 

marily by reS6lution considerations. For most standard types, 

' 
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the .channels are 8, 12 or 25 ~m . in diameter, and the plates 
' 

are betwee.n. 20 and 75 mm in d ·ia}neter and. up to 1 mm thick e 

The.· material used fo.r plate manufacture is gla ss because 

the· techniques for working it are well-known and relatively 

straightforward~ Its use allows accurate control of channel 

diameter and regular·ity of array, both of which a re of pri me 

imp.ortance if the spatial ·fidelity of an . electron image is to 

be .preserved. Also, the. spe.cial. glass developed for MCP's has 

the coriduction and secondary~emission characteris tics required 

for .channel multiplication, as well a~ good stability and 

high-vacuum 

employed in 

pe~formance . Also many glass recipes have been 

making c.hannel 

cessful has been a mixture 

multipliers, by far the most sue

of about 50 percent lead oxide, 

40 percent silicon di oxide and .smaller quantities of sever al 

alkali oxides. Glass of this composition has a high electr i 

cal resistivity which can be decreased by removing the oxygen 

from the .· lead by reduction in an atmosphere of hydrogen gas 

for several hour:s .. at;:·::4 .. 0 .. Q~:.Gentigra.d~ -:: .. . Mos:t .· .. of the reduced lead 

evaporates from the ) ~ur.-£ace. Tho r emaining lead coalesces .. 
. . . ·: ·. :. . 

into metallic clus,ters ,::;. giving t he ch.a.rC1cteristic black colour & 

The · high secondary :~1~gtronemissidrt coei ficient is caused 

by a . layer consist;ilf<] of Si, o2 , K ;ancl Ph {Siddiqui, 1977 J • 

· Micl:ochannel pl.at~s. ; .a.r~: .... :man.1lf·:actured: :using soluble glass~ 
core techniques . Fi~·. ) 1~ 4. i ~nows th~ ma irr steps in production 

The two~draw process : i ·l h.:ustrated' i $ capable of producing a 
. . . 

wide : variety of plat·~.<.:ah.:d .. ;.C."haJtn·e.·,i .:.-.:; si :ze:s·. ~.:· ... The· first stage is to 

assemble a billet of; ch~nrlel k1ass ?tnd solid core. The dia-
. \ . ·. . . . : ' 

rtte.ter of the core roct . i .s .. 1llade.: ~the s·ame as the internal dia-

meter ·of the ·channeiglass. thbe . Esseritially, the purpose 

of ·. the core is to pre·v~nt distortion add ' collapse o f the 

channels .during the f l.lsing (stage·S • ..• The .core and channel glas 

ses must be compatible;partibuiar~ ~ith regard to expans ion, 
. . . . ' . ' . . . . 

viscosity., 

clamped to 
. . 

oven, its diameter being reduced from about 35 mm to 0 . 8 mm. 

The ··oven temperature must be closely controlled, and air 
\ : . . . 

. turbulence must be avoided. The first~draw fibre is next cut 
. . . . 

into lengths, stacked, and fused into a symmetrical hexagonal 

• 
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array. This bundle is then drawn a second time to produce · 

hexagonal multi-fibre, again about 0.8 mm in diameter. This 

in turn is cut, stacked in a hexagonal ·· glass capsule, and 

fused under vacuum. The resulting fused stack, or boule, is 
. . . . . 

th·en c·ut into sl.ices, which are grou·nd to the required shape 

and size, and polished. Finally the solid cor~ glass is etched 

away, leaving the channel matrix intact and ready i' for proces~ 

sing. The polished blanks are now baked in the above mentioned 

reducing atmosphere to produce in each channel a resistive 
. . 

layer with the required secondary-emission characteristics. 

Metallic layers are then vacuum-depo-sited ·on to the polished 
. . . . . . . 

surfaces of each plate. These act as electrodes which connect 
. . 

all the channels in parallele An -alloy of nickel and chromium 

is us~d. Finally, the plates a r e tested and packed. 

1.2. Characteristics 
·. 

: .. 
,.,_ . ·. ... . .:_:.. ··. .·· . 

. .... . . 

. . . 

A typical p18f. C>j: ·i ¢\lrrent gi:dn as a \·:function of applied 

voltage for an MCP · fi~ .:$h<:>.wnin ·· Ftg. · l. -$ · . - ~1J.e• channels have a 

length-to-diameter ~~~~g of ·4d ~ With. o:-$<k:$V ·primary elec-
.. •... . ... ·. < ·:· .. · .'-::· .. ·.; .. · .. ·.·.·• ·• ..•.•. .• ·.·.· .. · .· . .... :. ' ... ·. . .... :·:--:·· .. ·-'·.. 3 

trons at the input, . t;·h·.~ gai.n • r :.i ·:s;es :E~9rtf: .. :·.:· about 19 at 900 V 
4 0 •••• •• _ ••• •••••••••• • •• •• ••• •• ••• ••• •• •• ••••• • •• _·:·· •• :,.··.:.: .. ·.:·.-·::· •• : .. > H •• • •• ••• •• • •• 0 ••••• ••••• • .. ............ 00 00 0 ••• •• ·.·.···•················ ····. ····. · .:.•······:_······ ~···· •• :·:.· ••••• ••••••• • ••••• ·: •• • •• •• •• 0 :- _ •• • ••• • 

to · 2 ·x: 10 at ·. 12QO· _y .(xg.:;;t~:t~'tlltlVC>"lt~,ge ,~·.n::.. · .. P~actJ.ce). 

For each valu~·i: ()~ ; ~~~':i.ied vol.ta9'e, '·t~~~ei is an optimum 

value of the leri9'£h~~~~diam~telf rafic,~hich ·gives maximum 

gain. Near this qp~j_.lti~fu, i·the .•. ~a.in iS l~~stsensi ti ve to the 

small variations ;i.fl ici~~iiri.$i d i allietei wh.tt!h occur in practice, 

and so the spatial Jhi-~C>rmity cJ.r the p'l8.f:e will be at its 
' .· . . . ·. . . . ... \ ... :. . . . . . . . . . . . . . .· .. . . . . . . ' . . . 

. . ' ' 

best. A value of the ·····,.:l .. ength~t·o·.·.·diamete.::t~· :··: ratio b·etween 40 and 
. . ' ' ·. . . . . . . . . . . . . ·. ·. ' . . 

60 represents a Suit'a.hlei choic~foJ:' i!Uaging applications. 
. . . . 

. . .. 

. . . . .· 
. . . . . . . . . . 

. . . 

The useful g~in which may be achieved with an MCP is limi-

ted to about 10 6 by ionic feedback. Residual gas molecules 

near the output of the · plate are ionized by electron impacte 

The ions are accelerated back down the channels and may start 
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Fig. 1- 6. Cross- section through an early experimental curved- channel 

plate. 



additional cascades by striking the channel wall near the in

put. The incidence of ionic feedback depends on the residual 

gas pressure and the electron densityo At sufficiently high 

pressures and gains, a self-sustaining discharge can occur. 

However, at pressures below 1 x 10- 3 pascal, MCP's can be ope

rated with gains in excess of 10 5 without trouble, while at 

0.1 pascal plates have been operated successfully with gains 

of several thousand [Langendam, 1977]. 

In single- channel multipliers, ionic feedback effects are 

prevented by curving or spiralling the multiplier •. Any ions 

formed can move only a short way down the multiplier before 

striking the wall. The energy on impact is scarcely suffi

cient to produce secondary electrons, and those that are gene

rated can hardly multiply in the available length of channel. 

In these single multipliers, gains higher than 10 8 can be 

achieved before the gain is limited by space~charge effects. 

To obtain comparable gains with microchannel plates, two 

options are open. Either two pla·tes can be operated in cas

case, or a single plate with CP.J.'.'·i~: d channels can be used. 

Standard MCP's have channels which are set at an angle 

(some 10° ) to the axis of the plate& If two or more plates 

are mounted in cascade with their axial directions opposed, 

ionic feedback to the input of the first plate is prevented. 

Such a combination, generally called a "chevron" configura

tion, allows the maximum gain to be increased, up to 10 8 for 

two plates, but with some loss in spatial resolution if used 
_, 

as image intensifier, because of the charge spreading be-

tween the two MCP 0 so Even with a distance of 150 ~m between 

the MCP's, 100 to 300 channels in the second MCP will be ex

cited by one channel in the first MCP [Wiza, 1977]. 

As position sensitive detector, using the centre of gravity 

method (see chapter 2 ) there is no loss of resolution. 
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A more advanced and less cumbersome solution to the problem 

of ionic feedback is to provide the MCP with curved channels. 

Such devices are commercially available (Galilee Electro

Optics Corporation ) o Their performance characteristics have 

been described extensively [Timothy, 1981 J • . A cross section 

through an early experimental curved- channel plate is shown 

in Fig. 1- 6. (It is not implied that all curved channel plates 

have this geornetryo ) Variations of modal gains for curved

channel MCP's as functions of the applied potential are plot

ted in Fig. 1- 7. Note the relatively low gain (10 6 ) of a 

curved channel plate which is a disadvantage. An advantage 

is that these MCP's will have no loss in positional resolu

tion due to charge spreading between two plates in a chevron 

arrangement. 

.. . . 

1. 2. 2 o Pulse . he·ight distribut .ion 

The output pulse he~ght dis tribution ofan MCP is nearly 

an exponential function, of the form: n (q ) = n
0 

exp (- q / q ) 

[Galanti, 1971], see Figo 1 ~ 8, where n (q ) is the number of 
-pulses with height q and n

0 
is a norma lization factor. q is 

called the mean gain of the distributi6n, it is a function 

of the voltage V over the· MCPo The mean gain has been measu

red as a function of V by several authors [Galanti et al., 

1971; Wiza, 1979] . A t ypical result is shown in Fig. 1- 5. -
Normally the MCP is operated with a voltage of 500 - 1200 V 

and corresponding gains of 10 3 - 10 4 • The upper limit is set 

by the onset of ionic feedback and the resulting performance 

instabilities ~ 

A commonly used method to suppress ion feedback while con

taining high gain space charge saturated output pulses is the 

chevron set- up of two micro- channelplates, shown schematically 
• 
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in Fig. 1- 9. The distance between the channelplates is d 1 
(typically 50- 150 llm), the distance between the second plate 

and the collector plate is d 2 , the voltages over the first 

and second plate are VI and VII respectively; between the 

plates a bias voltage vi,II is applied and between the second 

plate and the collector plate we have VII,C" VI and VII are 

in the order of 1 kV, resulting in a mean gain of a few times 

10 3 for each channel plate. At these gain levels the first 

channel plate does not produce ".charge ·saturated pulses" (see 

1.2.3). However, since each channel of MCP 2 might be trig

gered by many electrons from the first plate (see Fig. 1-9), 

saturation does occur in the output pulses of MCP 2. This 

results in a completely different pulse height distribution 

for the chevron set- up, as compared with that of a single 

MCP. A typical distribution for the chevron set- up is shown 

in Fig. 1-10. The peak gain is typically 10 7 , and the distri 

bution is quite broad (FWHM"' 170%) • This distribution is often 

called the "resolution" which is defined ·as the ratio of the 

width of the pulse 

i.e. Full Width at - -

height distr .iJ~;u t. ion, generally called FWHM 

Half Maximum, and the peak gain, see Fig. 1-11. - -
Both peak gain and FWHM of the distribution have been measured as 

a ·function of the interplate bias voltage vi,II [Wiza, 1979L 

The result is shown in Figa 1- 12 and 1-13. If a bias voltage is 

applied there is less time for the charge cloud from MCP 1 to 

~p~ead out radially, and fewer channels of .MCP 2 .are excited, 

but each one is driven more into saturation. After an initial 

fall-off, the peak gain (Fig . 1- 12) remains constant, but the 

FWHM (Fig . 1 - 13) continues 
. 6 

7 0 0 V , or VI , I I d 
1 

Rl-5 x 1 0 

to decrease "t:~- · - -~??.~t 60% .at VI,II= 

V/m. 

We measured the FWHM of the distribution with the channel-

plate detector of a monochromator, with VI = VII = 1 kV 

and d 1 = 50 llffio We ·found ·a similar behaviour~ but noted that 

the FWHM remained constant for vi,II> 300 V, or vi,II/d1 
> 6 x 10 6 V /m . 

It is of advantage to have a narrow pulse height distribu

tion: one can easily discriminate noise from the preamplifier 

from real pulses by setting an appropriate discriminator 
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level, and a narrow distribution requires less dynamic range 

from all the electronics (preamplifier, main amplifier, ADC 

etc. ) . We recommend a bias voltage of about 1 kV for both MCP's 

and an interplate bias voltage of about 300 V at an interplate 

distance of 50 ~mo The distance and voltage between MCP 2 and 

the collector plate have no influence on the pulse height 

distribution, at least not for VII ,A> 100 V. 

Another method to obtain a narrow pulse height distribution 

was reported by Henkel [1978]. By placing a metal mesh (having 

square holes of 44 ~m on a side ) between the MCP's of a chevron, 

a FWHM of 50% at a gain of 2 x 10 7 was achieved. 

The eu~ved-ehannet MCP _____ ..., __ _,__...,..,.. _______ ..., ___ _ 

Wiza [1979] measured the output pulseheight distribution 

for curved-channel MCP' s (see Fig. 1 ~ 14)o He states that the 

gain value at a given level of the applied voltage as well as 

the resolution are highly affected by a clean-up procedure. 

Fig. 1- 15 shows the same plot [Philips, 1976]. 

1. 2. 3. Current· transfer charac·teri·s·tics 

The current transfer characteristics of a microchannel 

plate are shown in Fig. 1-16. With a resistance of 10 9 n and 

an operating potential of 1000 V, the conduction current in 

the channelplate is 1 ~Ao The transfer characteristic of the 

plate is linear for output currents up to 10% of the standing 

current. For higher input currents, the plate begins to show 

saturation effects, and the characteris.tic begins to level out. 

If the resistance of the plate remained constant, the output 

would saturate at a value close to the conduction current. 

However, the effective resistance of the plate changes slight

ly in operation because the cascade of electrons forms a paral

lel resistive patho This produces a more gradual saturation 

effect than might otherwise be expected, and · allows an output 

current to be drawn which can exceed the nominal conduction 

current of 1 ~Ao As the individual multipliers in the plate 

are virtually independent of one another, each channel will 
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saturate if the current drawn from it approaches its standi~g 

current ( that is, the current flowing in the channel wall ) . 

The saturation effect can be more easily understood by concen

trating the attention to the behaviour of one single channel. 

The multiplication process is highly depending on the electri 

cal field strength within the channel. 

Cu~~ent ~atu~ated mode 
.... ----..------------- .... -- .... 

Every charge pulse, leaving the channel, is composed of 

electrons extracted from its wall. Due to the high resistivity 

of the channel wall nearly all the electrons of the pulse 

are extracted from the distributed capacitance of the channel 
. . . . - . ... . - - . - . 

wall. When the gain is low the charge removed per pulse is so 

small the electric field within the channel remains undistor

ted, preserving the multiplication process. If the mean output 

current is small compared with the standing current, there is 

no current saturation and the transfer function is linear. Cur-

.. rent saturation is important if one uses ·~he channel plate as 

a preamplifier in electrometer applications. 

This mode is . to be preferred when counting of individual 

pulses is requiredo The advantage of the pulse saturated mode 

is ·that all the output pulses tend to reach the same saturated 

amplitude. This improves the detection efficiency at low count 

rates appreciablyo However, the low count rate can be a disad

vantage. Each single output pulse distorts momentarily the 

electric field within the channel in such a way that the 

multiplication process is impeded seriously. 

Pulse saturation occurs for random count rates exceeding 

10 6 counts.s - 1 .cm- 2 • Because 1 cm2 contains about 10 5 channels 

( 25 ~rn channels ) and at least 10 channels a~e activated in 

the second plate, every channel is visited more than 100 times 

a second for 10 6 counts.cm2 . Thus the 'dead' time of a channel 

is less than 10 msec. Wiza [1979] gives a comparable number 

in his paper. 

At higher count rates both pulse saturation as well as cur

rent saturation may occur in the same channel at the same time. 
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1. 2 e 4. Transi·t t ·ime 

The microchannel plate offers significant improvements in 

transit time compared with the discrete dynode system of a 

conventional photomultiplier. This is because the electron 

paths in a microchannel plate are much shorter (1 mm compared 

with 100 mm ) and the field strength much greater (1 kV/ mm 

compared with 10 V/ mm ) . Transit times are typically less than 

1 ns compared with 30 ns for a fast conventional photomulti-

plier. The width of the pulse in a chevron configuration, or 

transit time spread as measured with a 100 MHz oscilloscope, 

amounts to a few nanoseconds with a rise time of some 0.5 nano

second. From observation with a 1 GHz oscilloscope there is 

~vidence, the true pulse shape is, at least partly, scope 

bandwidth limited. 

The noise of present- day microchannel plates is exceptional-
. -1 

ly low, and backgroun·d · count· rates of less ... than .. 1·. count. s • 

cm- 2 are possible, when operate d under carefully controlled 

conditions. 

1. 2. 6 •· Lifetime 

As a large chevron channel plate assembly can be a rather 

expensive item, useful lifetime immediately comes into mind. 

About the useful lifetime of a channelplate the opinions of 

quite a number of authors differ. 

Initially all the reports were referr ing to the behaviour 
-

of single channel electron multipliers, like channeltron etc. 

MCP's being made of similar material were expected to behave 

like those multiplierse I~ the more recent literature, how

ever, several authors have reported about appreciably shorter 

useful lifetime of MCP's compared to that of channeltrons, 

under similar conditions of testing [Timothy 1981, Sandel 

1977]. Under useful lifetime should be understood the time 

over which the MCP behaves as a detector with a sufficiently 

high detection efficiency and gain together with low background 

countrate to ensure an efficient signal acquisition. This 
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lifetime might be influenced by several causes, to be dis

tinguished in: 

a ) external causes, 

b ) internal causes . 

----------.------
The external causes are the most elusive ones. After being 

exposed to the atmosphere, different gases and vapours may 

have adsorbed to the channel wall. This may give rise to an in-

creased or unstable channelwall current or even minor dis 

charges, noticable by a high background countrate. Therefore 

it is a wise precaution, especially when the MCP is operated 

for the first time, to monitor the channelwall current whilst 

gradually increasing the MCP voltage; after it has reached 

a stable value under nominal voltage the current should be 

measured. This value is quite useful later on when problems 

in signal detection arise. The comparison of the actual cur

rent with the or-iginal one will g ive additional information 

of whether or not the MCP is to be suspected of being the 

cause of the problems . 

To stabilize the gain, baking and/ or electron scrubbing 

is advised by several authorso Timothy [1981 ] suggests for 

the curved MCP's: 

a ) a bake out, with no voltage applied to the MCP, at a 

temperature of greater than 27 0°C for a period of not 

less than 10 hours ; 

b ) a "burn- in" at a voltage below that at which the onset 

of significant ion feedback can be observed, at a rate 
- - 2 - 1 

not exceeding 10.000 counts mm s 1 to a total signal 

of 10 8 counts mm- 2 • 

Our current practice in handling MCP's is to expose them 

as short as reasonably possible to the atmosphere and mount 

them a s clean as p r oper (ultra- ) high vacuum technique re

quires . Before mounting the plates check the high voltage 

circuitry under atmospheric conditions with the aid of a 

corona- tester . The input side of the channelplate, where con

version of primary particles into secondary electrons have 

to take place, can be damaged both by mechanical action and 

presumably by chemical action. We know of harmful effect of 
21 
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heavy ion bombardment and halogens like bromium and iodium. 

Hydrocarbons of non- trapped diffusion pump oil give rise to 

non- reversible loss of gain. A high partial pressure of hydro

gen causes a rapid decrease in gain. However, just leaving the 
' 

detector overnight in a dry atmosphere of normal 'pressure 

and composition, or injecting pure oxygen of some 10- 3 pascal 

into the vacuum for some hours has proven to be the remedy 

repeatedly. Although the gain and detection efficiency are 

hardly temperature dependent we have information about the 

uselessness of a channeltron below 150 K, when there has been 

helium in the systemo 

In.teJt n.aR.. eau.6e.6 
.... - - -- ------ -- --
The aforementioned causes of loss of gain are supposed to 

be dominantly effecting the conversion efficiency at the in

put side of the MCP. The secondary electron multiplication 

process within the channels deterierates with time, too. An 
I 

exact explanation of the caus·e ( s )·· of it.· ... J..s un·known, but there 

are indicat.ions it occurs at t he output end of the channels. 

The secondary emission coefficient of the surface of the 

channelwall diminishes for reasons not quite clear, due to 

the high density bombardment of clouds of secondary electronso 

As to that it might be worthwhile to interchange the two 

plates of a chevron- configuration if a marked decrease in 

gain is observed. Several authors did report on this gain 

degradation and on the possible nature of the processes in

volved. They more or less agree that this degradation is rela

ted to the total charge delivered per channel and is hardly 
..... 

dependent on charge density, which means many small or fewer 

large ·amplitude pulses makes little differencee 

Sandell [1977] tested MCP's of two different makes under 

well - controlled conditions. From his work this rule of thumb 

is extracted: for the first 0.05 coulomb per square centi

meter MCP surface a factor of ten decrease in gain; fo~ the 

next 0.05 coulomb a factor · two. 

Let us apply this rule to a chevron MCP, with an open 

~rea of 60% and a channel diameter of 12 ~rn. With a mean 
- 12 

cha~ge of .1 x 10 coulomb per output pu·lse the figure of 
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0.05 coulomb per square centimeter is reached after 105 counts 

per channel. With a maximum random countrate of one pulse per 

channel per second we thus may reach an irreversible loss of 

gain with a factor of ten in some thirty hours. So be careful 

with high (local ) counrates. 

It should be noted that Rees [1980] gives much higher 

values (a factor of· 10 decrease in gain after a total charge 

of 50 C.cm- 2 ) . He compares his results with Sandels ones and 

concludes that a changed specification of the MCP's under 

test and a lower contamination might be the cause of this 

difference. 

A consequence of the decreasing gain as a function of total 

local dose is the position dependent sensitivity which might 

considerably change in time. This happens for ·instnnce if the 

MCP is used to detect particles or radiation coming from an 

analyser or monochromator giving some kind of spectrum. When 

a high density part in such a spectrum always falls on the 
.. 

same spot of the MCP, spectru·m distort-ion --wi-ll -· t ·ak·e place in 

course of time. We have seen tl1is effect several times. One 

way to measure whether this effec t did occur or not is to 

measure the pulse height distortion as a function of position 

on the MCP. This is rather easy a s the MCP is used as a posi

tion sensitive detector with electronic readout of the delive

red charge. 

1. 2 e 7. Quantum e·fficiency 

1n.tJtoduc.tion 
._ ... .... - ----~--- _, 

The quantum efficiency of channelplates, or any other de~ 

tection device in single particle counti~g mode, can be de

fined as the fraction of the incoming particles that produce 

a 'detectable amount of charge' at the output. This efficiency 

depends on the following factors: 

1 ) The secondary electron coefficient . 

2 ) The conver s ion to get the first electron (s ) e 

3 ) The gain of the plate. 
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ad 1: The secondary electron coefficient of the material 

(especially treated lead glass and metal coating ) depends 

highly on the type of particles, their energy and the angle 

of incidence. Also the condition of the material is important, 

which is one of the reasons for differences in efficiency 

between detectors~ 

ad 2: The conversion to get the first electron (s ) into a chan

nel depends on the geometry of the channelplate and thus also 

on the type of plate used . The electric field in front of the 

detector can enlarge the open area by guiding charged particles 

into the channels ( lens effect ) , e.g. more primary particles 

are converted into secondary electrons (see 1.3 ) . 

ad 3: The gain of the detector and especially the spread 

of it (see chapt. 1.2.2 ) give a certain chance that the 

amount of charge produced is detectable above the amplifier 
• no1se. 

Because of several of the afore mentioned effic~ency 

factors are detector- and even time- dependent ' the' efficiency 

of a channelplate cannot be giv~ll o This is clearly demonstra

ted by the large differences in the results of several authors 

as Macau e.ao [1976] show in their review article. The general 

problem of absolute measurements is also a source of discre

pancies between different authors. 

To get a general impression of the quantum efficiency of 

channelplate detectors Figures 1- 17, 1- 19 and 1- 21 can be con

sulted for electrons, heavy particles and electromagnetic 
.., 

radiation respectively. The figures in between represent the 

angle dependence of the efficiency for the different types 

of particlese With these curves (Figs . 1- 17 - 1- 22 ) it should 

be possible to make out if a certain experiment is feasible. 

If accurate knowledge of the efficiency is needed it is in

evitable to do efficiency measurements with that detector 

under the given experimental conditions. 

In the case of neutral or positive charged heavy particles, 

it may suffice to know the efficiency of one species. There

fore we refer to Schram [1966], Tuithof [1974] and Baumgartner 
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[1976] who give amplification factors for continuous multi - 

pliers for many heavy particles. Since these types of mea

surements yield secondary electron coefficients and not the 

probability to produce at least one secondary electron, the 

information is only useful to· estimate efficiencies in the 

low energy tail (below a few keV's ) . 

A general rule is that the efficiency is almost equal for 

a neutral particle and its positively charged ion. 

Light particles are better detectable than heavier ones 

with the same energyo For negative ions the efficiency is 

very high [Goodings, 1972] and the low energy tail resembles 

the efficiency for electrons. 

High energetic particles have a low efficiency for direct 

detection with a channelplate detector as can be seen in the 

Figures 1- 17, 1- 19 and 1 ~ 21$ The stopping power of the lead 

glass is too low and secondary electrons are not produced 

or to deep in the channels to get enough amplification. It 

is however possible to enhance efficiency by placing a sui

table converter in front of the~ ~le tectoro The us~ of_ special 

photocathode coatings is well l<nown, also to extend the sen

sivitity to lo~ger wavelengths e For electrons and heavy par

ticles a metal foil can be placed in front of the channelplate 

Manalio [1981] reported on the use of a MgO coating, which 

improved the efficiency for 7 keV electrons with a factor of 3. 

1.3. Chevron construction 

1.3.1. General r emarks 

As can be seen in 'chapter 1 . 2.7 (efficiency ) the gain of 

a MCP is highly related to the angle with which a particle 

or the radiation enters a channel. 

The ideal angle for maximum gain forces us to mount the 

channel plates of a chevron configuration quite carefully. 

One should check the direction of the channels while moun

ting the channel plateso 
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. . 

MCP's show an exponential decrease in gain related to the 

output charge ·in the first few hundreds of hours of operation. 

If it is necessary to be sure of a constant gain over a long 

period of time, one should consider electron scrubbing and 

baking the MCP's (see lo2.6 ) , particularly in the case of 

sealed-off detectors (photomultipliers, etc. ) [Rees 1980, 

Timothy 1981]. 

Sometimes it might be necessary to use three cascaded MCP's 

to obtain sufficient gain and a better pulse height distribu

tion of the output pulses [Rees 1981]. Three cascaded MCP's 

(called z- configuration ) , operated at lower gain, means a 

lower voltage across the plate and consequently a higher re

liability. 

1. 3. 2 o Ele·ctrical deta·ils 

How to des~gn a circuit diagram for proper operation of 

the channel plates? 

One should consider the n~ture of the iric6ming particl~s. 

Photons, neutrals and positive ions can be detected with a 

circuit diagram as given in Fig~ l - 23e The ions will expe

rience an extra acceleration only between grid and first 

channelplate . In position sensitive detection systems one 

should choose such a distance and potential between the grid 

and the channelplate that the position information will not 

be altered by this acceleratione This ·extra energy given to 

the ion can be · useful in obtaining a higher detection effi

ciency. Another advantage in thi s electrical set up is the 

fact that the collector as well as the necessary electronics 
. _, 

are on earth potentialo 

Negative ions a nd electrons need a more elaborate circuit 

(see Fig. 1-24 ) . The approaching negatively charged particles 

are not influenced by the first channelplate surface which 

is on earth potential. The collector however has to be connec

ted to a rather high positive potential, which calls for a 

much more complex electronic set upo If radiation or neutrals 

are ·to be detected, the input potential has no effect on the 

operation whatsoever, so it is wise to choose for the first 

set up (see Fige 1- 23 ) . 

.. . .. 
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Up till now we used the circuit diagrams as shown in Fig. 

1- 23 and 1- 24. In both of these diagrams only a single voltage 

supply is needed with a voltage divider (R2 ,R3 ,R4 ,R5 ) . They 

should be chosen such that a bleed current of about ten times 

the channel plate bias current is provided. Then, one does not 

have to bother about resi s tivity- matched channelplates. The bias 

current is measured by simple ffi)Ving coil vA meters (50 or 

100 ~A full scale ) . 

R
1 

and R6 , togethe1 with the capacitors C, take care of 

RF Ruppression. Values of 100 kQ and 10 nF have proven to be 

successful. 

R
11 

( 100 kQ ) with a gas- filled surge suppressor ( 90 V) in 

parallel keeps the divider and power supply floating with 

respect to ground potential. This is a standard provision 

to prevent ground loops. 

R7 , R8 , R9 and R10 limit the bias current through the 

channel plates in case of discharge or breakdown. Their value 

is chosen in the order of 5% of the channelplate resistance. 

Although these precaut~ons · · seemed to be efficacious, some 

colleagues proved at the cost o f s ome MCP's that under these 

conditions MCP's could still burn out! In one case the grid 

in front of the first MCP (voltage difference 20 V) had a 

short circuit with the active area of that MCP. The current 

was limited to 40 ~A but the MCP was locally (1 Cm- 2 ) des 

troyede As a solution to this problem we are now thinking of 

a crow- bar system which i s to be triggered by the wide band 

noise appearing in the channelplate wiring in consequence of 

a dischargeo 

1.3.3. Mechanical details 

Some considerations to design a channelplate construction 

for laboratory useo 

- Avold ~ha~p edge~. 
Excessive electric fields can cause ionization of back

.. g~ound ~as, which can gerier~te · background noise or can even 

cause breakdown. 

- Take ea~e o6 ~u66lelent c~eeplng di~tanee along ln~ula

ting mate~lal~. 
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- Avold (filexlbt~) Wl4~ng a~ much a~ po~~lbte . 

Flexible ·wiring can caus e problems be caus e of the fact 

that one i s not always able to predict the actual position 

of the wires if not vis ible. 

- Avold blocklng ofi channel~. 

Although not yet proven it is not difficult to believe 

that due to blocking of channels, the pressure in these 

particular channels can reach an ideal value to create ioni

zation which is amplified by the MCP. Burning out of that 

channel should be possible . 

- T4y to de~~gn channeiptat~ mountlng and eottecta~ ~et

up a~ ~epa~ate pa4t~, to ~nc4ea~e the filexibitlty in u~age. 
- Sp~eiat ca4e ~houtd be taken to ~hietd ofifi eteet4ic 

fiietd~ due to the ehannetptate~ o~ wi~~ng when tow ene4gy 
eha~ged pa4t~cte~ a4e to be detected. 

- Some manufiactu~e~~ advize to m~n~m~ze expo~u~e to the 
ambient atmo~phe~e and ~eeommend the u~e ofi a we~t-de~ieeated 
eontalne4 fio4 ~to4age. 
On the other hand in some cases a drop in gain can be reco

vered by re - exposure to the atmosphere [Rager 1974]. 

- Cheek the 4e~~~tanee between the ~u~fiaee~ o6 ~ach ehan 
netptate ln vacuum befio4e ope~ation . 

- Vo not u~e voltage~ above about 100 volt~ to mea~u~e 
the ~e~i~tanee, thu~ p4event~~9 the ehannetptate~ to get 
damaged. 

- Avoid the ehannetplate~ to wo~k in a p4e~~u~e . g~eate4/ 

hlghe~ than 10 - 2 pa~cal . 
- Channeiplate~ ~houtd be handled wlth ca~e, they a~e fi4a 

gite and get ea~itif contamlnated. 
- Avoid touching the ~u~fia~e~; the u~e ofi glove~ (nylon, 

pla~tie, latex) i~ ~ecommended . 

- The· ehannelplate~ can be cleaned with i~op~opyi alcohol 

in an utt~a~onic bath. 
- Outga~~ing up to 200°C with no volt~ge applied i~ allow-

wed [Roge4 7974Jo 

- Channetplate~ ~houid not be expo~ed to hyd~oea~bon va 

pou~~; pe~manent damage witt oceu~ . 
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- Not~ee the d~~tance between both ehannetpla~e~ and the 
~epa~ate ~uppt~ed voltage.~ on all channelptate ~u~fiac~~ (~ee 

ehap.te~ 7.2.2). 
Some manufacturers prefer to use specially selected pairs of 

channelplates to form a chevron configuration (matched pair). 

There is one potential on t~e inner surfaces whj.ch are just 

not touching each other. 

We acknowledge the simplified handling but when more flexible 

and economical use is necessary then the choice for two chan~ 

nelplates of the same type but not matched is obvious. 

To prevent the Moire effect, the MCP's should be mounted with 

some distance between each other, implying the need for an in

terplate potential. Our experience is that interspacing of 

about 0, 05- 0, 2 mm will do. The possibility to change the elec

tric field between the channelplates gives us a tool to vary 

the spot size and the saturation of the second channelplate 

[Wiza 197'7], see 1.2.2 and 3.2. 

- V~aw~ng~ and n u~:the.Jt de.tait.o a 6 :the· · mec.han~cal ~ et up 
a~e glven ~n Fig. 1-25. 

- The u~e on . gold Oft bJta~~ 6oit t)oJt :the e.le.ct!tode.~ l~ Jte.
c.ommendede 
Other materials may cause spurious pulses due to a bad con

tact between the electrode and the channelplate surface. · 

. . 

1.4. Available types (august 1981) 
There are several manufacturers of microchannel plates on 

the market. As MCP's emerge from classified research for mi--
li tary purposes - night viewers - there is still a consi

derable amount of restraints from manufacturers side. Two of 

them, Mullard in Great Britain (Philips) and Galilee Electro 

Optics Corp. of USA (Bendix), suffer less from that myste

riousness. When similar models are available Mullard is the 

least expensive in general. Galilee, however, has a much 

wider range of different types, 
• 
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In Table ·1 - 1 the current type of MCP's of these two makes 

are put togeth~~ with ·their major features. As can be seen 

just one curved channelplate appears in the list: the Galilee 

model SMCP 25. For the moment being Mullard does not have a 

commercial model available. The cost of that curved channel

plate is roughly one and a half times the price of two equi

valent straight channelplates. Their pro's and cons as posi

tion sensitive, particle detector under investigation here 

in the institute. 

As an alternative to a curved channelplate Mullard manufac-
•• 

tures a so- called "fused chevron" channelplate. Matched pair 

straight channelplates are fused together during production, 

before the soluble glass is removed from the channels. This 

assembly is supposed to behave similarly to a curved channel

plate. For the moment being very little is known about rela

tive performances: a typical example of the aforementioned 

mysteriousnes·s. 

A more closer look to the table reveals a remarkable dif-

ference in the electrical conductivity be·tween 

models ·of Galilee and Mullard make. That could 

corresponding 
. . . 

. - . 

imply, · but .. it 

has not been proved yet as far as we know, the maximum count 

rate of a Mullard type mi.ght be t1p t() ten times higher than 

the ·comparable Galilee one. At the same bias voltage Mullard 

st~tes the gain of their plates to be greater than 10 3 , while 

Galile6 gives a figure of 10 4 • That could mean the Mullard 

ones have .a somewhat lower gain than the Galilee ones. If so 

that difference could be easily compensated for by a slight 

increase in bias voltage of the former ones. 
-
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Fig. 1- 25b. Mechanical details for an ultra high vacuum MCP holder. Note 

that the MCPs are shifted with respect to each other. Origi

nally there was no need for an insulating spacer foil between 

the MCPs as the distance between the MCPs is fixed by the 

spacers between the contact plates. Unfortu.nately our large 

MCPs (90 mm x 25 nun) were not flat enough so Teflon foils were 

used again. 

The gold contacts on the contact plates made using the screen 

printing technique (thickness 12 vm) . The contact springs 

( 3 ) on each MCP are not connected with each other. This gives 

us the opportunity to measure t he contact resistance between 

them. If this resistance is low enough ( < 1000 ~ ) and con-

stant, the contacts are interconnected. For the same reason 

the printed contacts on the contact plate are divided into 

t wo parts. 
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