
Abstract – We present VMM1, the first prototype of a family of front-end 
ASICs designed for the ATLAS muon upgrade. The ASIC will operate with 
MICROMEGAS and TGC detectors providing charge and timing measure-
ments along with a number of features including sub-hysteresis discrimina-
tion, address of the first event in real time, and digital output per channel for 
Time-over-Threshold measurements. The shaper, designed using the concept 
of Delayed Dissipative Feedback (DDF), allows analog dynamic ranges in 
excess of 10,000. With a capacitance of 200 pF and a nominal peaking time of 
25 ns it can provide charge and timing resolution below 1 fC and 1ns respec-
tively, for input charges up to 2 pC. Designed in a commercial 130 nm tech-
nology it dissipates about 4.5 mW per channel. 

Index Terms – ASIC, sub-hysteresis, DDF, ToT, MICROMEGS, TGC, 
ATLAS, muon, noise. 

I.   INTRODUCTION1 

The ATLAS muon system upgrade needs to provide accurate 
momentum measurement as well as participate in the Level 1 
trigger [1-3]. The upgrade consists of the development of two 
new small wheels (NSW) based on MICROMEGAS (Micromesh 
Gaseous Structure) and Thin Gap Chamber (TGC) detectors [4,5]. 
The challenging detector requirements must be coupled with ap-
propriate readout electronics, which must provide pulse ampli-
tude, timing measurements, and trigger information for more than 
2 million channels. The limited bandwidth of the readout link 
requires on-chip zero suppression. For reliable operation in the 
ATLAS environment, radiation tolerance is also required.  

The VMM is a family of front-end ASICs being developed for 
the MICROMEGAS and TGC detectors. The ASICs must provide 
charge and timing measurements, triggers, direct timing outputs, 
sparse and derandomized readout, and multiplexing. We present 
the architecture and preliminary measurements on the first proto-
type of the VMM family, VMM1, and illustrate our plans for the 
second prototype, VMM2, currently in design. Conceived to op-
erate (i) with input capacitances from few pF to 1nF, (ii) at input 
charge ranges from 0.1 to 2 pC measured with resolutions down 
to 0.03 fC rms, (iii) at processing times from 100 ns to 1 µs 
measured with resolutions down to 200 ps rms, and (iv) integrat-
ing a number of additional amplitude, timing, trigger and readout 
features, the VMM family can be considered for use in a wider 
range of applications based on micropattern detectors. 

In this work Section II describes the VMM1 architecture with 
circuit details and preliminary experimental results, and Section 
III presents the plans for the next prototype, VMM2.  

II.   ARCHITECTURE AND PRELIMINARY RESULTS 

In Fig. 1 the architecture of VMM1 is shown. It is composed of 
64 front-end channels each providing a low-noise charge amplifi-
er (CA), a shaper with baseline stabilizer, a discriminator with 
trimmer, a peak detector, a time detector, some logic, and a dedi-
cated digital output for ToT (Time-over-Threshold) or TtP (Time-
to-Peak) measurements.  

Shared among channels are the bias circuits, a temperature sen-
sor, a test pulse generator, two 10-bit DACs for adjusting the 
threshold and test pulse amplitudes, a mixed-signal multiplexer, 

                                                 
G. De Geronimo (degeronimo@bnl.gov), J. Fried, S. Li, J. Metcalfe, N. Nambiar, E. Vernon, 
and V. Polychronakos are with the Brookhaven National Laboratory, Upton, NY, USA. 

the control logic, and the ART (Address in Real Time) which 
consists of dedicated digital outputs (flag and address) for the first 
above-threshold event. The most relevant features of these blocks 
are summarized in the next sub-sections. VMM1 is designed and 
fabricated in a commercial 130nm CMOS process from IBM and 
it dissipates about 4.5 mW per channel. 

 
Fig. 1 - Architecture of VMM1. 

Analog section - The input MOSFET is a p-channel with gate 
area L · W = 180 nm · 10 mm (200 fingers, 50 µm each) biased at 
a drain current ID = 2 mA, which corresponds to an inversion 
coefficient IC ≈ 0.22, a transconductance gm ≈ 50 mS, and a gate 
capacitance Cg ≈ 11 pF. The MOSFET has been optimized [6] for 
the expected MICROMEGAS strip capacitance of 200 pF target-
ing an Equivalent Noise Charge (ENC) below 5,000 rms electrons 
at a peaking time of 25 ns. The input branch is based on the dual 
cascode configuration [7]. 

 
Fig. 2 – Transistor-level schematic of the front-end voltage amplifier. 

In Fig.2 the schematic of the front-end voltage amplifier is 
shown. Concerning the input section, MI is the input MOSFET, 
MC1 and MC2 are the stages of the dual cascode, and MS2 and C 
were included to avoid the initial saturation of the amplifier input 
stage when operating with positive input signals (i.e. positive 
charge). When the current in MI decreases, the drain of MC1 might 
decrease by an amount large enough to disable MC2, causing the 
amplifier’s gain to decrease to a negligible level and slowing 

or ART

peak

time

addr

ToT/TtP

timemux

mux charge

mux

mux

addr.

logic

CA shaper

64 channels

logic

neighborbias, temperature
pulser, threshold
config. registers

Vin
MI

Vout
comp

MC1

MS1

MC2

VC2

MC2

MS2

VC2

MS2

C

bias

VMM1 - An ASIC for Micropattern Detectors 
Gianluigi De Geronimo, Jack Fried, Shaorui Li, Jessica Metcalfe, Neena Nambiar, Emerson Vernon, and Venetios Polychronakos 



down the amplifier’s response. The role of C and MS2 is to main-
tain control of the current at the output of the stage (drain of MS2) 
thus avoiding the initial saturation and resulting in a faster re-
sponse for positive inputs. The MOSFETs MC2 and MS2 are bi-
ased using the matched bias circuit shown to the right of Fig. 2. 

The output stage of the amplifier is inverting with a boot-
strapped n-channel current source and with an adjustable lead-lag 
compensation for either small (<30 pF) or large input capacitance. 
All the MOSFETs in the charge amplifier are sized and biased so 
that their total noise does not exceed 10% of the noise from the 
input MOSFET, thus contributing no more than 10% to the 
equivalent input noise of the voltage amplifier. 

The charge amplification is achieved using two adaptive-reset 
stages [8] each with adjustable gain (i.e. adjustable mirror ratio) 
followed by one additional stage which provides signal inversion 
and which is enabled only for positive input charges. Consequent-
ly the signal current entering the shaping amplifier is always of 
the same, negative polarity. The channel is also equipped with 
integrated test capacitor, connected by registers to the integrated 
pulse generator. 

The shaping amplifier is a third order semi-Gaussian filter 
composed of one real pole and two complex conjugate poles. It 
has adjustable peaking time (25, 50, 100, and 200 ns) and it is 
realized using the delayed dissipative feedback architecture 
(DDF), which offers lower noise (i.e. higher dynamic range) at 
equal capacitance than other classical configurations [9]. A feed-
back loop based on the BLH concept [10] provides the equaliza-
tion and stabilization in rate and temperature of the output base-
line. Fig. 3 shows the measured channel dispersion of the output 
baseline and pulse amplitude (peak) measured using the inte-
grated injection capacitor. 

  
Fig. 3 - Measured channel dispersion of the output baseline and pulse ampli-

tude (peak) measured using the internal injection capacitor. 

The complete analog chain (charge amplification and shaping) 
provides a gain adjustable to 0.5, 1, 3, and 9 mV/fC in order to 
cover an input charge range either positive or negative of 0.11, 
0.33, 1.0 and 2.0 pC respectively. The charge polarity is selecta-
ble per channel. 

Fig. 4 shows (a) the theoretical and measured ENC and (b) the 
measured gain versus input capacitance for different settings of 
gain and peaking time. From Fig. 4(a) a non-negligible disagree-
ment can be observed for the simulated and measured ENC at the 
lowest peaking time (25ns) and large values of input capacitance. 
This is due to an error in the adjustable lead-lag compensation of 

the front-end amplifier, which made it impossible to enable the 
compensation for large values of input capacitance. The conse-
quence was a reduced speed of the charge amplifier and an in-
crease in the peaking time resulting in an effective decrease of the 
ENC. For the same reason a decrease in gain larger than the ex-
pected was observed at large input capacitance visible in Fig. 
4(b). Another issue was a considerable leakage current (several 
nA) from the ElectroStatic Discharge (ESD) protection circuit at 
the input of the channel due to the use of standard rather than 
high-threshold (low-power) devices. This resulted in a parallel 
noise contribution larger than expected, visible at low values of 
input capacitance and long peaking times. A residual disagree-
ment at low values of input capacitance and short peaking times 
still needs to be understood and might be due to the modeling of 
the low-frequency noise amplitude and slope extrapolated from 
the foundry data during the design of VMM1. 

(a) 

 (b) 

Fig. 4 - Theoretical and measured ENC (a) and measured gain (b) versus input 
capacitance for different values of gain and peaking time. 

In this respect, some test structures have been integrated in 
VMM1 in order to characterize the noise of the MOSFETs in this 
technology. Some equivalent input noise spectral densities are 
shown in Fig. 5 for the case of L = 180 nm measured at different 
values of the inversion coefficient IC and drain-to-source voltage 
Vds. In all of our measurements, which cover lengths from L = 
120 to 360 nm, we have observed a negligible dependence of the 
low-frequency noise on Vds. A small increase in Kf with IC [6] 
was observed for the n-channel and a much larger increase was 
observed for the p-channel. This increase for the p-channel was, 
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however, accompanied by an increase in the slope coefficient 
(exponential αf in 1/fαf). In Fig. 6 the extracted coefficients for L 
= 120, 180, and 360 nm are shown. 

Both the dependencies of Kf and slope with IC should be care-
fully taken into account during the input MOSFET optimization 
process. However, when extracting the equivalent Kfeq, i.e. when 
modeling the low frequency noise as a 1/f (slope αf = 1) in prox-
imity of the white noise [11] the value for the p-channel is almost 
constant suggesting that this dependence has little effect in the 
optimization process as anticipated in [11]. It is evident the ad-
vantage of using the p-channel over the n-channel as input MOS-
FET in those cases where the low-frequency noise has non-
negligible contribution. It was also found that both Kf and Kfeq 
don’t have a monotonic trend with the channel length L. These 
results will be further analyzed and compared with the ENC mea-
surements and the outcome will be used to optimize the input 
MOSFET in the revision VMM2. 

(a) 

(b)  

Fig. 5 - Equivalent input noise spectral densities for n-channel and p-channel 
devices with L = 180 nm, measures at different values of the inversion coefficient 
IC and drain-to-source voltage Vds. 

With regards to the ENC, once the issue with the charge am-
plifier compensation is addressed we expect to satisfy the re-
quirement of ENC < 5,000 e- at 25 ns and 200 pF.  

Also observable in Fig. 4(a) is an analog dynamic range (de-
fined as ratio Qmax / ENC) in excess of 12,000 at some low-gain 
setting, which is in large amount due to the low-noise design of 
the shaper based on the DDF architecture [9]. 

Discrimination - The front-end and core of the discriminator is 
the comparator circuit. Comparators almost always use positive 
feedback to guarantee a fast response when very small differential 
inputs occur, i.e. when signals exceed the threshold by very small 
amounts. In Fig. 7(a) a simplified schematic of the input stage of 
the comparator is shown. The two outputs are converted into a 
digital signal by additional circuits not shown in the Fig. 7(a). The 
positive feedback is achieved by using the two cross-connected 
MOSFETs Mh, which are typically equal in size and about twice 
the size of the diode-connected MOSFETs. The positive feed-
back, along with increasing the speed of the comparator, intro-
duces a voltage hysteresis, characterized by an upper threshold 
responsive to the positive slopes of the input signal and a lower 
threshold responsive to the negative slopes of the input signal, as 
shown in Fig. 7(b). The hysteresis window has a typical size from 
several mV to a few tens of mV. During operation, the hysteresis 
window is placed with the lower hysteresis threshold just above 
the baseline in order to guarantee that after the discrimination the 
comparator returns to its original state, ready to process another 
pulse. 

(a) 

 (b) 

Fig. 6 - Coefficients Kf, αf (exponential αf in 1/fαf) and Kfeq (coefficient for the 
equivalent 1/f) extracted from the measurements of devices with lengths L = 120, 
180, and 360 nm. 

The event is detected when the rising edge (positive slope) of 
the input pulse crosses the upper threshold. When the falling edge 
(negative slope) of the input pulse crosses the lower threshold 
(see the large blue pulse in Fig. 7(b)) the comparator returns to its 
original state. Unfortunately this setting prevents the detection of 
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pulses with amplitude lower than the hysteresis window (see for 
example the small red pulse in Fig. 7(b)). Considering the typical 
size of the hysteresis window, this setting introduces a severe 
limit to the dynamic range of the system, especially in deep sub-
micron technologies where the available voltage swing is relative-
ly small (about 1 V in our case). 

In order to overcome this limitation some straightforward solu-
tions could be adopted. One would consist of switching the thre-
shold input of the comparator between two values. In order not to 
affect the rate, the switching has to occur in a relatively short 
time. The drawback is in the trade-off between the switching time 
and the stabilization and filtering (noise) of the threshold voltage. 
Another solution, with challenges evident to the reader, would 
consist of generating a small negative unipolar and low-noise 
pulse at the signal input.  

  
(a)                                           (b) 

Fig. 7 - Simplified schematic (a) and operation (b) of the input stage of the 
comparator. The circuits converting Vo- and Vo+ into the output digital signal have 
been omitted. 

The solution adopted in VMM1 allows discrimination of sig-
nals of amplitudes lower than the hysteresis window by acting 
directly at the core of the comparator. Implemented as a switcha-
ble option, the sub-hysteresis discrimination (SHD) concept is 
illustrated by the schematic in Fig.8. 

  
(a)                                                          (b) 

Fig. 8 - Simplified schematic (a) and operation (b) of the sub-hysteresis dis-
crimination (SHD) concept implemented in VMM1. 

As shown in Fig. 8(a), the positive feedback MOSFETs are, in 
part, switchable with the complementary switching signals s. The 
switches allow changing the effective ratio between the left and 
the right MOSFETs. By altering the ratio it is possible to control 
the size and/or position of the hysteresis window. In order to 
achieve the sub-hysteresis discrimination, we initially set the 
window with the upper threshold just above the signal baseline as 
shown in Fig. 8(b). After a pulse is detected (i.e. once the compa-
rator triggers) and the peak has been processed, the switches s are 
activated moving the hysteresis window up of an amount compa-
rable to the hysteresis as shown in Fig. 8(b). Once the comparator 
is reset to the original state, the hysteresis window is moved to its 
original state. In our case we switch between ratios of 3:3 and 4:2, 
resulting in a shift of the hysteresis window without modification 

in size. The time required to switch the hysteresis window be-
tween the two positions is lower than 1ns. An additional logic 
circuit, not shown in Fig. 8, makes sure that the comparator stabi-
lizes to its reset state for a specific amount of time (about 10 ns) 
before a new discrimination can be processed. 

Peak detection – Once a pulse exceeds the threshold it is 
processed by the peak and time detectors, and the corresponding 
analog values are stored in analog memories, queued to be read 
out. The peak detector is based on the 3-phase (track, peak-detect, 
readout) configuration [12, 13] and it has been optimized to 
process pulses with peaking time down to 25 ns.  

 (a) 

 (b)  

 (c)  

Fig. 9 - Examples of peak measurements for a large amplitude (a) and a small 
sub-hysteresis amplitude (b), along with a detail (c) for the large amplitude. In 
both cases a ~ 3 mV offsets can be observed, due to large extent to the external 
buffers used in the measurements. 
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As discussed in the next sub-section, the peak-found signal is 
used as time detector and as an indicator (flag) that a pulse has 
been processed and is ready to be read out. While waiting for an 
event, the peak detectors are held in the track phase where the 
voltage in the hold capacitor tracks the baseline and its noise. A 
pulse exceeding the threshold switches the peak detector into the 
peak-detect phase, where the peak amplitude is detected and 
stored in the hold capacitor. As discussed in a following sub-
section, the discriminator can also enable the peak detection in 
channels neighboring to the ones exceeding the threshold. Once 
the peak is detected, the circuit is switched in the read-out phase, 
where the amplifier is re-used as buffer, thus canceling offset and 
common-mode errors [13]. 

Figs. 9(a) and 9(b) show two cases of complete measurements 
for a large amplitude and a sub-hysteresis amplitude respectively, 
where a signal on the order of 1.5 mV is being detected in front of 
a comparator hysteresis of about 20 mV. The flag (in correspon-
dence with the peak) and the enable signals are also shown. At 
enable-low, the readout process starts and the stored peak is mul-
tiplexed (peak out) to a dedicated analog output. The ~3.2 mV 
error between the pulse peak and the peak out is to large extent 
due to offsets from the external buffers used in the measurement. 
A similar error ~3 mV is observed in the large amplitude mea-
surement as shown in Fig. 9(c) where the vertical scale has been 
expanded around the peak value. The measurement in Fig. 9(b) 
shows evidence of pick-up from digital signals along with a set-
tling time of the peak detector output longer than desired (about 1 
µs). Both issues will be addressed in the revision VMM2. 

The performance of the peak detection and sub-hysteresis cir-
cuits can also be observed from the measurements in Fig. 10 
where the peak value versus the input charge is shown for a peak-
ing time of 50 ns and a gain of 1 mV/fC. Fig. 10(a) shows the 
whole charge range from 0 to 1000 fC, which corresponds to a 
peak amplitude, including the baseline, up to about 1.13 V, i.e. 
about 70 mV from the 1.2 V supply rail. Fig. 10(b) shows the 
same measurement, but with the horizontal scale set from to 0 to 
20 fC. The effective threshold without sub-hysteresis discrimina-
tion is shown (horizontal dashed line, at about 204 mV, i.e. about 
17 mV above the baseline) along with the measurements below 
that threshold made possible by to the sub-hysteresis discrimina-
tion (SHD) circuit. The linearity error as shown in Fig. 10(c) is 
within +/- 1 % through the whole measurement. 

Time detection - The time detector makes use of the peak-found 
signal from the peak detector. Compared to a threshold crossing, 
this signal can offer a better resolution and a significantly smaller 
time walk [12, 14]. The peak-found signal feeds a Time-to-
Amplitude-Converter (TAC) consisting of a voltage ramp that 
starts at the peak-found and stops at a signal controlled by the 
data acquisition system. The ramp value is sampled, stored, and 
read out using a circuit similar to the two-phase peak detector 
[13] where in the first phase the value is stored in the hold capaci-
tor and in the second phase it is read out by re-configuring the 
amplifier as buffer, thus canceling errors introduced by offset and 
common mode gain. The full voltage range of the ramp is about 1 
V and the slope can be adjusted to cover 1 V in 125, 250, 500, 
and 1000 ns. In the revision VMM2 a counter controlled by an 
external clock operating in the 10 to 50 MHz range will be added 
in order to provide a coarse timing measurement, thus increasing 
the dynamic range of the timing measurement, which will result 
from the superposition of the coarse timing (counter) and the fine 
timing (TAC).  

 (a) 

 (b)  

 (c)  

Fig. 10 – Measurements of above-threshold peaks for different values of input 
charge, shown (a) at full 1000 fC scale range and (b) at the 20 fC scale range, 
where the efficiency of the sub-hysteresis discrimination (SHD) circuit can be 
observed. The linearity (c) for the whole measurements is also shown. 

Fig. 11 shows the measured timing resolution at 200 pF as 
function of the output signal amplitude for different values of 
peaking time. The theoretical resolution [12, 14], the time-walk at 
200 pF, and the timing resolution at 2 pF are also shown for a 
nominal peaking time of 25 ns. The difference between the theo-
retical and the measured resolution at 25 ns is largely due to the 
actual peaking time which, as already discussed, was larger than 
the expected one. A timing resolution of less than 200 ps can also 
be observed for 2 pF and 25 ns. 
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Fig. 11 - Measured timing resolution versus signal amplitude for different values 
of peaking time at input capacitances of 200 pF and 2 pF. The measured time-walk 
and the theoretical resolution at 25 ns are also shown. 

Neighbor processing logic and sparse readout - In normal op-
eration only the signals exceeding the threshold are processed for 
peak and time measurements. When the neighbor processing cir-
cuit is enabled, the channels neighboring to those exceeding the 
thresholds are also processed for peak and time measurements 
and queued for read out even if they did not exceed the threshold. 
The edge channels (i.e. channels 1 and 64) of a chip can commu-
nicate to corresponding edge channels of a neighbor chip through 
bi-directional low-voltage differential signals. If an edge channel 
exceeds the threshold, the corresponding edge channel of the 
neighbor chip is processed and read out. This is illustrated in the 
measurement in Fig. 12. In this case, only the pulse in channel 64 
of chip “a” (ch64a) exceeds the threshold while the pulses in 
channel 63 of chip “a” (ch63a) and in channel 1 of the neighbor 
chip “b” (ch1b) do not exceed the threshold. 

 

Fig. 12 - Example of acquisition and readout with neighboring circuit enabled. 

With the neighboring circuit enabled, once ch64a exceeds the 
threshold, the peak and time detectors of the two neighbor chan-
nels (ch63a and ch1b) are enabled and the corresponding pulses, 
both below threshold, are processed for peak and time detection. 
The flags of both chips (flag a and flag b) are properly asserted. 
The data acquisition system enters the readout mode by de-

asserting the enable signal. At the first two clock signals the two 
peak amplitudes in chip a (from ch64a and ch63a) are routed to 
the output for analog-to-digital conversion. The timing measure-
ments are read out in parallel at another dedicated analog output, 
not shown. The 6-bit addresses of those two channels are also 
made available sequentially at six dedicated digital outputs, not 
shown as well. With one more clock cycle the token is automati-
cally passed to the neighbor chip b, and the peak amplitude (from 
ch1b) is read out. In the revision VMM2 the analog outputs will 
be converted directly on chip using integrated ADCs and stored in 
a deep digital memory (FIFO), thus allowing measurements and 
derandomization while the memories are simultaneously being 
read out. 

Address of first event in real time - When a first signal exceeds 
the threshold or, optionally, when a first peak is found, a flag is 
asserted (see again Fig. 12, both cases, first two signals from top) 
and the address of that first signal is made available at six dedi-
cated digital outputs, not shown. The circuit self-resets in 40 ns 
(adjustable in the revision VMM2), ready to process the first sig-
nal from the next group of events. 

 

Fig. 13 - Measured waveforms illustrating the direct timing modes (ToT and TtP). 

Direct timing - For selected channels (0-7 and 56-63) the pulse 
timing can be made continuously available at dedicated digital 
outputs, one for each channel. When providing this functionality, 
the channel works in auto-reset mode (i.e. it self resets after 
processing each event). The timing is selectable between time-
over-threshold (ToT) and threshold-to-peak (TtP), as shown in 
Fig. 13. In the revision VMM2 all 64 channels will be equipped 
with direct timing outputs. 

Low voltage differential digital IOs - All digital inputs and out-
puts operate as differential pairs with the common mode set at 
600 mV and the voltage swing set at +/- 150mV. The ASIC also 
integrates a 600 mV band-gap referenced circuit and a tempera-
ture sensor. 

III.   PLANS FOR VMM2 

Preliminary tests of VMM1 were also conducted at CERN (Eu-
ropean Organization for Nuclear Research, Geneva, Switzerland) 
with both MICROMEGAS and TGC detectors. The results are 
encouraging and will be reported elsewhere. 

Although the preliminary results on VMM1 are in close agree-
ment with the expectations, several issues have also been found. 
The first is the failure of the switchable compensation network of 
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the charge amplifier resulting in a reduced speed when operating 
at large input capacitive loads. The second consists of an error in 
the design of the ESD protection network at the channel input 
resulting in a leakage current of several nA. Several parasitic ef-
fects were observed in the mixed-signal circuits affecting the per-
formance at small signal amplitudes. 

All these issues will be addressed during the design of the 
second prototype, VMM2. A number of improvements were re-
quested and will be implemented, among which is a wider range 
of gains to cover up to 5 pC on the low-gain end, and up to 20 
mV/fC on the high-gain end. Finally, ADCs and FIFO are being 
designed to allow simultaneous measurement and readout and to 
provide a fully digital interface. VMM1 will also be tested for 
radiation tolerance and the results will be used to harden VMM2. 

ACKNOWLEDGMENT 

We are grateful to Ken A. Johns and Sarah L. Jones (University 
of Arizona, USA) and to George Iakovidis (BNL and NTU, 
Athens, Greece) for remarkable help with developing the test sys-
tem and performing the measurements at CERN, to Nachman 
Lupu (Technion Haifa, Israel) for valuable discussions during the 
design and characterization with the Thin Gap Chamber proto-
type, to Howard Gordon (BNL, USA) and Craig Woody (BNL, 
USA) for the effective encouragement and support, to the VMM1 
ATLAS review team (J. Oliver, M. Newcomer, R. Richter, P. 
Farthouat) for the trust and valuable feedback during the review, 
and to the ATLAS Collaboration. 

This manuscript has been authored by employees of Brookha-
ven Science Associates, LLC under Contract No. DE-AC02-
98CH10886 with the U.S. Department of Energy. The publisher 
by accepting the manuscript for publication acknowledges that the 
United States Government retains a non-exclusive, paid-up, irre-
vocable, world-wide license to publish or reproduce the published 
form of this manuscript, or allow others to do so, for United 
States Government purposes. 

REFERENCES 
[1] T. Alexopoulos, A.A. Altintas, M. Alviggi, M. Arik, S.A. Cetin, V. Chernya-
tine, E. Cheu, D. Della Volpe, M. Dris, D. Fassouliotis, E.N. Gazis, R. Giordano, 
V. Gratchev, L. Guan, P. Iengo, P. Ioannou, C. Li, K. Johns, V. Kaushik, A. Kho-
dinov, C. Kourkoumelis, S. Maltezos, K. Mermigka, H. Muller, K. Nikolopoulos, 
W. Park, S. Persembe, C. Petridou, R. Petti, V. Polychronakos, M.V. Purohit, D. 
Sampsonidis, G. Sekhniaidze, M. Shao, Y.J. Sun, G. Tsipolitis, R. Veenhof, X.L. 
Wang, J. Wotschack, S.X. Wu, T. Zhao and Z.G. Zhao, “The ATLAS muon Mi-
cromegas R&D project: towards large-size chambers for the s-LHC”, 2009 JINST 
4 P12015 doi:10.1088/1748-0221/4/12/P12015. 
[2] G. Tsipolitis, “The Muon ATLAS MicroMegas Activity”, Proc. of Science 
(2012) http://adsabs.harvard.edu/abs/2011ehap.confE.211T. 
[3] J. Zhu, “The RPC-based proposal for the ATLAS forward muon trigger 
upgrade in view of super-LHC”, Proc. of Science (2012) 062 
https://cdsweb.cern.ch/record/1436114. 
[4] Y. Giomataris, Ph. Rebourgeard, J.P. Robert, and G. Charpak, “Micromegas : a 
high-granularity position sensitive gaseous detector for high particle-flux 
environments, Nucl. Instrum. Meth., A 376, pp. 29-35, 1996. 
[5] P. Iengo for the MAMMA Collaboration, “Development of Micromegas 
detectors for the upgrade of the ATLAS Muon Spectrometer”, Il Nuovo Cimento, 
http://www.fe.infn.it/u/fioravanti/Proceeding_IFAE_Divisi_Argomento/LHC/Corr
etti_Commentati/Iengo_Paolo.pdf. 
[6] G. De Geronimo and P. O’Connor, “MOSFET optimization in deep submicron 
technology for charge amplifiers”, IEEE Trans. Nucl. Sci., vol. 52, no. 6, pp. 3223-
3232, 2005. 
[7] G. De Geronimo, J. Fried, E. Frost, B. F. Phlips, E. Vernon, and E. A. Wulf, 
“Front-end ASIC for a Silicon Compton telescope”, IEEE Trans. Nucl. Sci., vol. 
55, no. 4, pp. 2323-2328, 2008. 
[8] G. De Geronimo, J. Fried, P. O’Connor, V. Radeka, G. C. Smith, C. Thorn, 
and B. Yu, “Front-end ASIC for a GEM based time projection chamber”, IEEE 
Trans. Nucl. Sci., vol. 51, pp. 1312-1317, 2004. 
[9] G. De Geronimo and S. Li, “Shaper design in CMOS for high dynamic range”, 
IEEE Trans. Nucl. Sci., vol. 58, no. 5, pp. 2382-2390, 2011. 
[10] G. De Geronimo, P. O'Connor, and J. Grosholz, “A CMOS baseline holder 
(BLH) for readout ASICs”, IEEE Trans. Nucl. Sci., vol. 47, no.3, pp. 818-822, 
2000. 
[11] G. De Geronimo, A. D’Andragora, S. Li, N. Nambiar, S. Rescia, E. Vernon, 
H. Chen, F. Lanni, D. Makowiecki, V. Radeka, C. Thorn, and B. Yu, “Front-end 
ASIC for a liquid Argon TPC”, IEEE Trans. Nucl. Sci., vol. 58, pp. 1376-1385, 
2011. 
[12] G. De Geronimo, Low Noise Electronics for Radiation Sensors, in Medical 
Imaging: Principles, Detectors, and Electronics, K. Iniewski Editor, Wiley, 2009. 
[13] G. De Geronimo, P. O'Connor, and A. Kandasamy, “Analog CMOS peak 
detect and hold circuits - Part 2. The two phase offset free and derandomizing 
configuration”, Nucl. Instrum. Meth., A484, pp. 544-556, 2002. 
[14] G. De Geronimo, E. Vernon, K. Ackley, A. Dragone, J. Fried, P. O’Connor, 
Z. He, C. Herman, and F. Zhang, “Readout ASIC for 3D position-sensitive detec-
tors”, IEEE Trans. Nucl. Sci., vol. 55, pp. 1593–1603, Jun. 2008. 
 

 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /Cmb10
    /CMBSY10
    /Cmbsy10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /Cmbx10
    /CMBX12
    /Cmbx12
    /CMBX5
    /Cmbx5
    /CMBX6
    /Cmbx6
    /CMBX7
    /Cmbx7
    /CMBX8
    /Cmbx8
    /CMBX9
    /Cmbx9
    /CMBXSL10
    /Cmbxsl10
    /CMBXTI10
    /Cmbxti10
    /CMCSC10
    /Cmcsc10
    /CMCSC8
    /Cmcsc8
    /CMCSC9
    /Cmcsc9
    /CMDUNH10
    /Cmdunh10
    /CMEX10
    /Cmex10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /Cmff10
    /CMFI10
    /Cmfi10
    /CMFIB8
    /Cmfib8
    /CMINCH
    /Cminch
    /CMITT10
    /Cmitt10
    /CMMI10
    /Cmmi10
    /CMMI12
    /Cmmi12
    /CMMI5
    /Cmmi5
    /CMMI6
    /Cmmi6
    /CMMI7
    /Cmmi7
    /CMMI8
    /Cmmi8
    /CMMI9
    /Cmmi9
    /CMMIB10
    /Cmmib10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /Cmr10
    /CMR12
    /Cmr12
    /CMR17
    /Cmr17
    /CMR5
    /Cmr5
    /CMR6
    /Cmr6
    /CMR7
    /Cmr7
    /CMR8
    /Cmr8
    /CMR9
    /Cmr9
    /CMSL10
    /Cmsl10
    /CMSL12
    /Cmsl12
    /CMSL8
    /Cmsl8
    /CMSL9
    /Cmsl9
    /CMSLTT10
    /Cmsltt10
    /CMSS10
    /Cmss10
    /CMSS12
    /Cmss12
    /CMSS17
    /Cmss17
    /CMSS8
    /Cmss8
    /CMSS9
    /Cmss9
    /CMSSBX10
    /Cmssbx10
    /CMSSDC10
    /Cmssdc10
    /CMSSI10
    /Cmssi10
    /CMSSI12
    /Cmssi12
    /CMSSI17
    /Cmssi17
    /CMSSI8
    /Cmssi8
    /CMSSI9
    /Cmssi9
    /CMSSQ8
    /Cmssq8
    /CMSSQI8
    /Cmssqi8
    /CMSY10
    /Cmsy10
    /CMSY5
    /Cmsy5
    /CMSY6
    /Cmsy6
    /CMSY7
    /Cmsy7
    /CMSY8
    /Cmsy8
    /CMSY9
    /Cmsy9
    /CMTCSC10
    /Cmtcsc10
    /CMTEX10
    /Cmtex10
    /CMTEX8
    /Cmtex8
    /CMTEX9
    /Cmtex9
    /CMTI10
    /Cmti10
    /CMTI12
    /Cmti12
    /CMTI7
    /Cmti7
    /CMTI8
    /Cmti8
    /CMTI9
    /Cmti9
    /CMTT10
    /Cmtt10
    /CMTT12
    /Cmtt12
    /CMTT8
    /Cmtt8
    /CMTT9
    /Cmtt9
    /CMU10
    /Cmu10
    /CMVTT10
    /Cmvtt10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


