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Abstract

This article describes two generations of a novel integrated circuit multi-anode electron detector chip (LEDA512). This
chip is designed for usage as an analog ion detector in magnetic mass spectrometers, in combination with a stack of two
micro channel plates. The first generation chip is applied in a positive ion mass spectrometer on-board the ESA ROSETTA
cometary mission. The detector chip comprises two identical and redundant parts, each consisting in a row of 512 rectangular
anodes for electron collection, and in an anode multiplexer followed by a charge amplifier. A second-generation of the chip
is scheduled. It will implement additional features, such as: radiation hard MOS transistors and shift registers and improved
output drive capabilities. (Int J Mass Spectrom 215 (2002) 77–87) © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Mass spectrometers exist in many different con-
figurations. Some of these, in particular the double
focussing magnetic mass spectrometer type, have de-
tector systems capable of simultaneously detecting
different ion species in their focal plane. They are
therefore, equipped with a focal plane array con-
sisting of a stack of two or three micro channel
plates (MCPs)—for efficient, high gain conversion
of the ion charge to a charge cloud composed of
electrons—combined with either a phosphor-based
electron-to-photon conversion system and photodi-
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ode arrays, or with some kind of multi-anode device.
The detector system can then either be digital (event
oriented) or analogue (accumulated charge oriented).

In this paper, we focus on a specific multi-anode
device that is in the first place analogue and in the
second place fully integrated. The need for such a
device appeared during the design phase of the dou-
ble focussing mass spectrometer (DFMS), part of
the Rosetta Orbiter Spectrometer for Ion and Neutral
Analysis (ROSINA) [1], an instrument that will be
on-board the ESA ROSETTA spacecraft. ROSETTA
[2] is a planetary corner stone mission of the Euro-
pean Space Agency scheduled for launch in 2003 and
for an encounter with comet 46 P/Wirtanen in 2011.

The main reason why an analogue multi-anode
detector was selected was that for this mission a
large sensitivity range of 10 orders of magnitude was
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desired, in combination with the ability for simulta-
neous detection of a series of mass peaks. This large
sensitivity range can be obtained as the product of
more than six orders of magnitude for the MCP gain
range, in combination with almost four orders of mag-
nitude dynamic range for the detector system. This
would not have been feasible with an event driven
detector system.

The collection of the MCP output charge cloud with
high spatial resolution, low noise and the desired dy-
namic range is possible by means of the linear elec-
tron detector array chip with 512 anodes (LEDA512),
described hereafter. The chip integrates two identical,
but totally independent detector units. Each unit is
composed of a row of 512 separate floating anodes, an
analog multiplexer addressed by a digital shift regis-
ter, an on-chip voltage reference and a charge sensitive
amplifier.

In the following sections, the architecture and
operation of the first generation version of the detec-
tor chip, which has already been described in detail
elsewhere, will be presented. Furthermore, details
will be shown about the improvements that have led
to the second generation of the LEDA512, which is
now being manufactured (LEDA512-V2). The design,
operation and testing of the complete detector system
for the ROSINA DFMS mass spectrometer, which
consists of three different detectors (a channeltron-slit
combination, a Faraday cup-slit combination and this
multi-anode array) will be handled in a companion
paper [3].

2. The first generation LEDA512 anode array

2.1. Detector system concept

As explained before the LEDA512 chip’s first
application is for the measurement of ion spectra in
a double focussing ion mass spectrometer (ROSINA
DFMS). Ions are selected by the mass spectrometer
according to their mass-to-charge ratio and impact
at different places on a focal plane detector. The
front side of a stack composed of two MCP devices

is positioned in this focal plane and the LEDA512
chip itself is mounted in close proximity of the MCP
stack’s back. Each time an ion impacts on the front
side of the MCP, the latter ejects a packet contain-
ing 1 ≈ 106 electrons/ion, depending upon the MCP
supply voltage setting, the impacting ion type and the
ion energy. The electrical field applied between the
stack’s back face and the anode array chip guides the
electrons, produced by the MCP, towards the float-
ing anodes of the chip’s anode array. The width of
a single anode was fixed at 25�m, a value matched
with the predicted mass resolution of the DFMS mass
spectrometer. A mathematical model, predicting the
spatial spreading of the electron packets exiting the
MCP stack as a function of the applied field and of
the energy of the electrons exiting from the MCP
stack, was devised by our colleagues of IPSL-CETP
(St. Maur-les-Fossées, France). They also designed
and constructed the MCP part of the detector system,
as well as the flange on which it was mounted. The
number of anodes has been limited to 512 because of
chip size limitations imposed by chip manufacturing.
The height of the anodes (direction parallel to the
spectral lines and perpendicular to the anode row) is
16 mm, a value compatible with the total height of the
spectral lines of the DFMS mass spectrometer. Each
anode was further split in two equal parts having a
height of 8 mm, so that finally two identical rows of
512 anodes, each having an area of 25�m × 8 mm or
0.2 mm2, were obtained.

2.2. General chip architecture

Since the ROSINA instrument will be flying on a
long duration space mission, it is important to have
a reliable detector system. Therefore, from the very
beginning of the anode array design, it was consid-
ered that redundancy was needed to avoid a single
point of failure in the detector. An obvious way of
implementing redundancy on the chip level was to in-
tegrate on the same chip two identical, but indepen-
dent, arrays with matched characteristics, each pos-
sessing its own independent power supply, clock and
output lines. The layout of both anode arrays and their
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associated on-chip electronics is mirrored with respect
to the central axis of the chip.

Because the two redundant chip halves are identical
we need only to present the block diagram of half of
it (see Fig. 1). One such integrated unit consists of
the anode array itself, the anode selection switches
for anode read-out and recharge, the digital logic to
command the switches in the right order, an internal
reference circuit, the charge amplifier (CSA) and the
CSA reset circuitry. In addition, output buffers bring
the CSA output and the reference voltage off-chip.

Fig. 2 shows, a photograph of the complete chip as
mounted on a custom designed ceramic support that is
compatible with the DFMS mounting and wiring rules.
One recognizes the chip, the ceramic, the bonding wire
area and the connector pin area.

2.3. Anode array read-out

Each of the two redundant anode arrays is read-out
serially, i.e. anodes are read-out one after another. This
is accomplished at a nominal clock speed of 100 kHz
(10�s period) by means of only three digital control
lines clock, start and reset. During a read-out cycle
each anode is selected in sequence, connected to the
charge amplifier input and precharged to the internal
chip reference levelVref (≈2.3 V). Qsignal, the charge
associated with the signal output of the MCP, is in-
tegrated on each floating anode between two consec-
utive read-out cycles and hence between consecutive
anode precharges. This charge is transferred to the
feedback capacitorCf of the CSA while the specific
anode is connected to the CSA input, which is virtu-
ally at the internal reference potential. As a result of
the read-out cycle the differential output (V out−V ref)
of the CSA will be a train of analog pulses having
amplitudes equal to 0 when there is no signal and to

Vout − Vref = Qsignal

Cf
(1)

when signal charge is being integrated on the anodes.
The effective output signal is the difference between
Vout and Vref, which are both available as outputs.
The inevitable process induced variations on the an-

ode capacitance and amplifier gain do not lead to
charge-to-voltage conversion non-uniformity, since
there is only one charge amplifier and one feedback
capacitance for all anodes.

The anode capacitance and the allowable anode
voltage range determine how much charge may be
collected between anode recharges. The anode ca-
pacitance is completely determined by the size of
the anode metal (25�m × 8 mm) and by the charac-
teristics of the dielectric layer used in the chip. The
0.7�m CMOS process (Alcatel Microelectronics),
used to manufacture the chip, results in an anode ca-
pacitance of 4.22 pF. If we allow the anode voltage at
maximum to decrease 2 V belowVref while electrons
from the MCP are being collected, this corresponds
to a maximum integrated negative anode charge of
8.44 pC per read-out.

2.4. Anode array protection against excess charge

Protection of anodes against excess charge is an
important issue and therefore each individual anode
needs its own protection circuit. Several causes for
unwanted anode charge built-up may exist: charge
created during chip manipulation, leakage currents
to or from parts in the neighborhood of the detector
and finally charge built-up during long periods with-
out detector read-out or when the detector is over-
exposed.

Concerning the latter situation one might think
that, since negative charges (electrons) coming from
the MCP are collected and lower the anode voltage,
the anode potential can never rise above the recharge
voltageVref. However, the inverse situation may ex-
ist if the field between the MCP back side and the
LEDA512 chip is reversed so that secondary elec-
trons, created when electrons impact on an anode, are
favored to escape from the anode surface. In the latter
case, the anode voltage may rise with signal, beyond
Vref and eventually beyond the chip’s supply voltage.
A reverse biased, low leakage clamping diode is in-
serted between each anode and the positive supply to
protect against this situation. The situation with the
reversed field may be voluntarily created to operate
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Fig. 1. Block diagram. Upper part: lay-out of the different parts of the LEDA512 chip; lower part: internal organization of one of two
identical, redundant chip halves.
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Fig. 2. Photograph of the LEDA512-V1 anode array chip mounted on a custom designed ceramic support. Upper part: anode side; lower
part: backside of the ceramic support.
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the MCP-LEDA512 assembly in a special mode (see
companion paper [3]).

The protection circuits also include a voltage clamp
circuit that monitors the voltage difference between
each anode and the chip’s ground reference. As long as
the voltage level on the anode remains at least 300 mV
above ground, this circuit remains non-conducting. If
the anode is further discharged, due to for example a
very intensive mass peak, positive charge is injected
into the anode, which compensates for the excess nega-
tive charge input. This solution is preferred rather than
a simple diode clamp connected to ground, because a
diode would inject excess charge into the chip’s sub-
strate, thus, provoking leakage effects in neighboring
structures. The influence of the complete protection
circuit on the anode leakage current is minor. The im-
pact on the anode capacitance may be disregarded as
well, since the protection circuit introduces an extra
capacitance of only 5 fF per anode.

2.5. Anode selection switches and charge amplifier

Each of the 512 floating anodes is connected dur-
ing a short period of time to the charge amplifier input
for charge transfer and precharge. This connection is
accomplished by means of one out of 512 anode se-
lection switches, forming a 512-to-1 multiplexer con-
trolled by a digital shift register, which itself is driven
by the clock and start signals. A common bus line
connects the selected anode with the inverting input
of the CSA, which has a feedback capacitance of 6 pF.
The charge amplifier output and the reference voltage,
which are both needed for the differential read-out
of the anode signal, are buffered by two unity gain
buffers.

2.6. Special geometric and electric precautions

The bonding pads (input, output and supply con-
nection areas) on the LEDA512 anode array are po-
sitioned on a line along its border at a safe distance
(5 mm) between the pads and the active area where
the charge collection is performed. This is necessary
in order to avoid contact between bonding wires and

the back side of the MCPs. Additionally, a metal
shielding layer forms a conductive ring around the
anode area. It has a width of 400�m on the bond-
ing side and of 600�m on the three other sides. A
separate bonding pad is connected to this ring allow-
ing for independent external control of its voltage
setting.

2.7. Noise and baseline performances

The baseline of the integrated anode array read-out
is well under control. Two effects play a role: noise
and influence of leakage current.

The differential voltage appearing at the out-
put of the LEDA512 chip is handled by a 12-bit
analog-to-digital converter (ADC) system, which is
part of the ROSINA DFMS space borne electronics.
The maximum voltage swing allowed on the anodes
implies that a maximum charge of 8.44 pC can be
integrated without saturation effects. The quantiza-
tion noise of the ADC, 1 least significant bit (LSB),
is therefore, equal to roughly 13,000 e− rms. As was
shown in a previous paper [4] the total noise of the
LEDA chip itself (reset noise, amplifier noise, etc.) is
at most 0.1 LSB and hence there is no need for more
complicated readout schemes that suppress noise, as
for example correlated double sampling.

Fig. 3 demonstrates, besides other effects, the
real noise result obtained by the combination of the
LEDA512 and its read-out electronics. As is demon-
strated by the accumulation of many similar read-outs
of a LEDA512 chip mounted on the DFMS detector
flange (no voltage on the MCP), no systematic noise
features appear (less than 0.1 LSB per read-out), even
no systematic noise originating from the ADC, digital
clocks or supply lines. For a single read-out the noise
is within ±0.5 LSB, as one would expect for such a
system.

The influence of charge leakage to the read-out
baseline can be demonstrated in two ways. Fig. 4
shows the effect of long charge integration times on
the anode array read-out baseline. There is an observ-
able effect related to integration time: in the extreme
case of a charge integration during 6.55 s, it amounts to
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Fig. 3. Real noise performance obtained from the LEDA512+ read-out electronics (MCP high-voltage supply disabled) by spectrum
accumulation. Two cases are shown: 2 and 999 accumulations.

Fig. 4. Effect of long charge integration times on the anode array read-out baseline. Upper plot: integration time of 6550 ms; lower plot:
integration time of 13.1 ms.
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Fig. 5. Mean value over all anodes of a single array read-out (normalized to one integration time unit) as a function of integration time
(�) and corresponding simple charge leakage model (plain line).

about 6 ADC LSB per integration time unit (6.55 ms)
for the first anodes and lowers to about 2 ADC LSB
for the last ones. Since the LEDA512 will never be
operated at very long integration times, except for per-
formance verification, there is absolutely no problem
with leakage: the latter contributes to the baseline for
less than 0.1% of ADC full-scale, which may be eas-
ily subtracted from a recorded spectrum and poses no
problem for the available dynamic range.

Another way to look at the influence of integration
time on the baseline is to study the mean value over
all anodes of a single array read-out (normalized to
one integration time unit) as a function of integration
time. Fig. 5 depicts these results and one can see that
there are probably two effects at work on the integrated
anode chargeQanode. As formulated by (2) there is a
current leakage effect proportional with the duration
of the integration, plus a fixed charge injection effect
that appears during every read-out, adds to the read-out

offset and is independent of integration time.

Qanode= Qinjected+ ileakTintegration. (2)

If one now introduces the linear relationship between
ADC code and anode charge

ADC code= aQanode+ b. (3)

One gets from (2) and (3) an expression for the nor-
malized ADC code corresponding to both effects:

ADC code

Tintegration
= aQinjected+ b

Tintegration
+ aileak (4)

or

ADC code

Tintegration
= aileak − c

Tintegration
with

−c = aQinjected+ b. (5)

The model curve added to Fig. 5 is the combination of
the two effects as expressed by (5) with the following
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Fig. 6. Demonstration of baseline and offset differences of the detector chip parts A and B (the two separate anode arrays on the chip).

parameter choices:aileak = 14 ADC code LSB’s per
integration time unit andc = 60 ADC code LSB’s.
The rather good fit between the model and the obser-
vations tends to confirm that leakage is most probably
linearly dependent on integration time and that charge
injection can be compensated for by ADC offset ad-
justment.

From Fig. 6, one remarks further that the baselines
of the detector chip parts A and B (the two separate
anode arrays on the chip) show slightly different off-

sets. This difference is inherent to the applied ampli-
fier/buffer configuration and to the CMOS technology
used to manufacture the chip. In the case of Fig. 6, it
accounts to about 1 LSB, but not one chip was found
with an offset difference of more than a few percent
of full scale, including the ADC offset. It can be eas-
ily corrected for by subtraction of an appropriate fixed
ADC code. A second effect is the slightly different
slope of both baselines, which can only be seen af-
ter many read-out accumulations. This is explained
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by small differences in charge injection effects and to
slightly different leakage currents in both parts.

It was also observed that after long exposures (min-
utes) to MCP electrons (signal) without any read-out,
the detector chip baseline shows memory effects.
Probably electrons from the MCP get stuck on the
insulated parts of the chip surface. A few “scrubbing”
read-outs, executed before normal operation of the
chip, seem to remedy this problem.

2.8. Applicability

The LEDA512 anode array chip has been mounted
on several laboratory set-ups and models of the
ROSINA DFMS space borne mass spectrometer (En-
gineering, Qualification and Flight Model) with great
operational success. The chip is immune to numerous
power-ON/OFF cycles and to human produced static
electricity. The only cause of malfunction so far has
been external: a high-voltage breakdown in the MCP
mounted in proximity of the chip.

Numerous spectra have been recorded by the
LEDA512-MCP detector combination. The quality of
the obtained spectra depends a lot on the characteris-
tics of the complete detector and its modes of opera-
tion, both described in a companion paper [4], as well
as on the resolution settings of the DFMS spectrome-
ter. Therefore, this matter is not documented here.

3. An improved LEDA512 version 2

3.1. Ways for improvement

Although the current version of the anode array chip
(LEDA512-V1) performs very well, an improved, but
format and connection compatible, version was envis-
aged, the LEDA512-V2. It was felt that, in view of
the potential application in other space projects than
the ESA ROSETTA mission, the tolerance to the total
dose of ionizing radiation and to single event upsets
(SEUs) should be improved.

Another candidate for improvement was the driv-
ing capacity of the buffer circuits forVout and Vref.

The present version of the chip requires an external
low capacitance, high impedance voltage follower cir-
cuit, since the on-chip buffers have problems driving
directly impedances lower than a few 100 k
.

3.2. Improvements in radiation total dose hardness

The 0.7�m Alcatel Microelectronics CMOS pro-
cess, used to manufacture the LEDA512-V1, has al-
ready a reasonable radiation dose tolerance by itself.
By introducing rad hard design cells, borrowed from
IMEC’s space borne optical and particle detector ar-
ray designs, the behavior of the circuit with respect to
radiation may be improved considerably.

By an improved layout the anode switches, imple-
mented by means of N-MOS transistors, can be hard-
ened by at least a factor of 103 in terms of leakage
current tolerance to total ionizing radiation dose. The
same applies for the reset switch for the charge ampli-
fier. The switch transistors in the LEDA512-V2 will
get a closed design (channel surrounding the N-MOS
transistor’s source), as well as a guard ring around
each of them that protects them against leakage cur-
rents originating from the SiO2−–Si interface around
the transistors.

SEUs have an effect on one or more of the 512
bistable cells (flip-flops) of the digital shift register
driving the anode selection switches and hence may
disturb a single read-out of the chip. Here, improve-
ment can be easily realized without changes to tran-
sistor layout. It is sufficient to replace every bistable
cell by three flip-flops and majority logic. In this case
a single disturbed flip-flop per cell is acceptable. The
CMOS production process is known also to be intrin-
sically robust for latch-up.

3.3. Other improvements

The output buffers forVout and Vref will be im-
proved as well. A new patented buffer layout has been
designed, which is able to deliver the output voltages
to 10 k
/100 pF loads without influencing the time re-
sponse characteristics of the chip. The new design is
currently being tested for radiation tolerance.
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Furthermore, the CMOS process will be tuned to re-
duce inter-anode and anode-to-shield gaps and hence
the insulation surface exposed to electrons coming
from the MCP. Finally, an attempt will be made to
reduce the number of driving signals required (clock,
start, reset) by derivingstart and reseton-chip from
clock, so that simpler read-out circuits may be devised.

4. Summary and conclusions

Two generations of this linear anode array, consist-
ing of two rows of 512 anodes, have been described.

The first generation, LEDA512-V1, has been ap-
plied in the focal plane detector of the ROSINA DFMS
spectrometer, which will be launched on board of the
ESA ROSETTA spacecraft in 2003. The noise and
baseline performances of the detector chip in a config-
uration without voltages applied to the micro channel
plate section of the detector, have been demonstrated
by real recordings of array read-outs.

A second-generation chip, LEDA512-V2, has been
described in terms of improvements with respect to its
radiation tolerance, its output drive capabilities and its
simplified digital control.
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