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An Image Acquisition System Based on State
Machine and Sampling ADCs
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Abstract—The present work reports on the development of % Detector window

a digital system for image acquisition which is able to process
two electric signals of amplitude varying between 0 and 10 V.
The system correlates both signals in a two-dimensional (2-D)
histogram. X and Y coordinates for every event are obtained
from the amplitudes of two coincident signals. The hardware
consists of two analog-to-digital converters (ADCs), two complex
programmable logic devices (CPLDs), and one 2 MB static _ o )
random access memory (SRAM), implemented in a card that is Fig. 1. Scheme for the MWPC with discrete cathode sampling elements.
plugged into personal computers. The data acquisition rate may

be as high as 1.0<10° events per second, and does not depend on ble logic devi . d of .
the PC processor. The software code has been written in the Delphi Programmable logic devices, instead of a microprocessor to
environment using Assembly routines for the 1/0 bus operations. control and process the digitized data. Fast ADCs in single-shot

Image sizes may be chosen from 128 128 up to 1024x 1024 mode are used to digitize the input signals. Combining fast
pixels and may be viewed in color scale, with two or three-dimen- ADC conversion speed with digital data processing based on

sional graphics. Images are shown to illustrate the applicability 05 gta16 machine, we achieve low dead time for this particular
two-dimensional position sensitive X-ray detectors. .. .
position readout technique.

~4—— Anode

Index Terms—Analog-to-digital converter (ADC), image acqui-
sition, programmable logic device, state machine, X-ray detectors.
II. THE POSITION SENSITIVE DETECTOR

|. INTRODUCTION The proposed image acquisition system is intended to be used

. . with an X-ray gas position sensitive detector (PSD) to acquire
ARTIC.LE detectors that use gasas the absorbing mgdl Wo coordinates of the position of detected photons. The de-
and wires as charge collection electrodes [1] are wide

. N . ) ctor uses a single electrode, called the X&Y cathode, to sense
used in several applications, covering the range from simp

i o] wwo-di ional (2-D i e electric charge induced by ionization avalanches generated
counters up to large area two-dimensional (2-D) position SENBL the absorption of X-ray photons in a multiwire proportional

tive detectors. These applications require the use of eIectrog ¢ nter (MWPC) [3]. Fig. 1 shows the scheme of a MWPC

modules [preamplifiers, amplifiers, discriminators, extern Ihere one of the conducting planes is the detector window,

delay, and time-to-amplitude converters (TACs)] and a da \d the other is subdivided in discrete sampling elements, com-

acquisition system to acquire and visualize the data. In the ¢ %esing the X&Y cathode. The X&Y cathode is a compact mul-
of one-dimensional position sensitive particle detectors [2], t%fa :

i dinate of a phot b ted b yer printed circuit board which does not involve wires. Two-
position coordinate ot a photon may be represented by a Prop@i, o gional localization of photons is achieved by associating
tional voltage amplitude in the TAC output. Analog-to-digital

: f the TAC output theref ides the phot ne delay line to each coordinate. The discrete cells of each
conversion of the output therelore provides the pho Ocpelay line are properly connected by conducting strips to the
position information. The two-dimensional data acqwsﬂ_me rresponding sampling pads so that the propagation time of
system (TDAS) presented here performs the analog-to-d@%%ctric pulses can be related to the avalanche position [4]. The

conversion of two TAC outputs, corresponding to thieand data and results presented here refer to a 2-D detector with an

V" coordinates of the event. The digital X and Y words arg . .. o . beryllium window, filled with an Argon-Methane

ﬂirotUp?dr;?n?nefmﬁ ori1te addrncisi% ?n th\? :\ter‘innory adi?irersns &usg[ mixture at 0.1 atm above normal pressure. The anode is con-
stogra g circut accumuiates events In Speciiic MEMOLY, 1o q with 1Qum gold coated tungsten wires, ata 1 mm pitch.

positions over a period of time, constructing an image. T_hﬁ1e gap between anode and X&Y cathode planes is 4 mm.
present work proposes a new scheme for the TDAS which

is based on the use of a logic state machine, implemented in
Ill. READOUT ELECTRONICS
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2002. This work was supported by (_:NPq (Brazilian nz_itional research f“”digﬂ!itude (typically< 1 mV). A preamplifier is therefore required
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Brazil). signals are sent to the amplifier and discriminator modules in
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X analog Y analog the conversion process, which is finished about 800 ns later, in-
pulse pulse . . . .
dicated by a single output pulse. Aside from fast conversion, the

1 4 AD1671 presents another important feature for our design: it is
X ADC Y ADC npt afree-runnmg., plpellned ADC, Wh.ICh simplifies the QeS|gn
y T since in our application the conversions are event-triggered,
trigger| 410 104 |trigger and the events occur randomly in time. In order to improve the
Discrimi image quality we use only the ten most significant ADC bits,

resulting in a reduced differential nonlinearity £0.5 LSB,

nator instead oft-2.0 LSB, specified for the converter. This approach
l was tested in a design of a multichannel-analyzer and has
»  Controland [¢ proved its efficiency [7]. We have also designed a digital right
Histogramming 20 shifter, which acts on the memory address bus and allows one
circuit *—» MEMORY to decrease the image resolution down to ¥2B8 pixels,
20 MHz > (CPLD) —<—> IMx16 increasing the counting rate per pixel and the image update
$ 16 speed on the PC screen.
A 4
PC bus B. Discriminator

The two analog pulses coming from the TACs are sent to the
Fig. 2. Simplified block diagram of the digital circuit for image acquisition. ADCs and to a leading edge 2-channel discriminator. The dis-
criminator circuit includes fast comparators that perform noise
r?‘ﬂ'_ection and pre-trigger action. When the analog input pulses
xceed an adjusted threshold, digital pulses are generated at the
T put of the comparators, starting the ADC trigger processes.

amplitude to a pre-set value above the electronic noise. Wh
ever a photon is detected, the amplitude at the circuit inputd

higher than the pre-set value and a fast logic pulse is genera "use a dual ultrafast TTL comparator, MAX912. It features
indicating that a valid event has occurred. However, this timi g t propagation delay (10 ns), low supp’ly current. and a wide

technique incorporates some error depending on the input sig mon-mode input range, which supply design demands with
amplitude, since the preset comparison voltage is fixed while t 8t of signal conditioning '

signal amplitude varies. This error is compensated for by use
of constant fraction discriminators, in which the timing signat. Digital Circuitry
is emitted when the input signal reaches a given fraction of its

maximum amplitude. . . .
P generated by digital logic implemented in two complex pro-

The_ information concerning th&(&Y" coordinates qf an Jrammable logic devices (Xilinx XC9500 family), which use a
event is represented by the interval between the electric signals

. : o 20-MHz clock for timing. Each CPLD presents 7.5 ns pin-to-pin
coming from both ends of each delay line. This interval is_ . . o .
. ogic delays on all pins, containing 108 macrocells with 2400

measured by the TACs. Each TAC converts the time dela : : : S

. . . able gates. The following sections describe the main digital
between two logic pulses to a proportional amplitude pulse:. . .

. odules and their functions.

Thus, at the last analog stage of the readout chain, two analo

. ; Q) Coincidence Logic:Once a time coincidence occurs be-
pulses corresponding to the&.y” coordinates of each phOtontween the two analog pulses from the TACs, a trigger pulse is
absorbed at the detector are available for digitization. gp ’ ggerp

. enerated by a digital scheme and sent to the ADCs, indicating
In our current experimental setup we use homemade preﬁ%

plifiers [5], Philips Scientific 715 constant fraction discrimina- _a_t a valid event oc<_:ur_red in the _d_etegtor act|ye window. The
tors. and Ortec 566 TACS. digital scheme for coincidence verification receives the outputs

of the TDAS discriminator and provides a single trigger pulse
to the ADCs if both edges of the input signals occur within a
IV. Two-DIMENSIONAL (2-D) DATA ACQUISITION CIRCUIT 300-ns window. In addition to the coincidence function, this cir-

o . N T
The complete detection system includes the detector itseqﬁllié?gﬁgﬁgﬁhiCtiﬁlai?f‘)gli ‘)_?r:z geévgﬁgrloa;%?;zggnﬁn
the readout electronics, the digital circuitry for two-dimension gger p : ping

2-D data acquisition and a software interface. A block diagra% the TAC signalin its rising edge region, where the amplitude

) o . . IS not yet stable.
of the TDAS is shown in Fig. 2 and briefly described later. 2) Histogramming and Control CircuitsAfter the analog

. , signals have been digitized, the histogramming process is initi-
A. Analog-to-Digital Conversion (ADC) ated. In order to deal with this process, a logic state machine was
We have selected the AD1671KP converter manufacturddsigned, clocked by a 20-MHz signal. The machine uses four
by Analog Devices to digitize the analog input pulses. It is @ock cycles to perform the reading, incrementing, and writing
monolithic 12 bit, 1.25 MSPS ADC with an on-board, highof data to the memory addresses. A 200-ns interval is therefore
performance sample-and-hold amplifier and voltage referenegiough to complete the state machine action for each event. It
The AD1671 uses a subranging flash conversion technigogerates in continuous mode during data taking, only pausing
(also called multiple-step parallel) [6], implemented in a highuring a host PC access. During this period, the host takes the
speed bipolar/CMOS process. A single pulse is used to initisgddress and data buses of the on-board memory, reading their

All the control signals and the histogramming process are
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Fig. 3. Image used for linearity and spatial resolution estimation in¥he F_ig. 4 Image used for linearity and spatial resolution estimation intthe
direction. direction.

contents and resetting them when finished. Finally, an updat®@sk. By fitting each peak with a Gaussian function, we obtain
image is displayed on the PC screen. The updating process is f8gtcentral position, in channels, for each peak. Since the dis-
enough to provide almost real-time image acquisition in gend@nce between the slit centers is constant, the relation between
ally used PCs. the peak centers and the slit positions should be linear. We as-
The control circuit functions are: g|0ba| enab|e' memory aé.ume the maximum deviation from a linear fit as the |inearity
cess control (including data/address buses and read/write/en&bigr of our system. However, the peaks closer to the detector
pins) and ADC data shift. These operations are carried out Wndow edge have a bigger error due to parallax effect (finite
the use of I/0 instructions and D flip-flops to latch control sigSource to detector distance) and other edge effects (from the
nals. The global enable signal is used to take the memory coni§fay line and the wire electrode). Neglecting these peaks, the
pins to tristate, disabling any data access, and to latch the cdRfasured linearity error is approximately 0.1% for both the
parator outputs, disabling any start of conversion. The memd¥ydY” directions.
access control is done by multiplexing all memory pins and
buses, allowing access by the host PC and by the histogramnihgSpatial Resolution

circuit. Also inside the CPLD an ADC data shifter is imple- The central peak in the array of peaks referred to in the pre-
mented, which is equivalent to a memory address shifter, singgys section is the one with the least parallax error, since the
each possible ADC data output is treated as a memory addre§gin this case is facing the X-ray source. This peak may best be
The shifter circuit allows one to vary the image resolution frofjsed in an estimation of the spatial resolution. Fig. 5 shows the

128x 128 up to 1024« 1024 pixels. peak profiles in theX andY directions, with a Gaussian curve
fit to each of them.The full width at half maximum (FWHM)
V. RESULTS and the spatial resolutiorR?] are related by

In order to evaluate the system performance, concerning the
image quality, we execute two main tests. First, we illuminate R = VFWHM? — §2 (1)
the detector window with an®Fe X-ray source through a
2.0 mm thick mask containing regularly spaced slits (5.0 miihere “S” is the detector width effectively illuminated by the
pitch). Each slit is 0.3 mm wide. From the resulting images, sray source through the slit. Due to the geometric parameters
shown in Figs. 3 and 4 , we are able to estimate the linear@jthe experiment,$’ is slightly bigger than the slit width. Itis
and spatial resolution of the image acquisition system in botdierived from elementary geometric considerations and is given
X andY directions. In the second test, we obtain images ¥
real objects by illuminating the detector with the same source.
The results are shown in the following sections. S = D Xg +: x d )

A. Linearity where “D” is the source-to-anode distancé;™is the slit width,

For the linearity measurement, we use transverse cuts of thé is the slit-to-anode distance and’’is the source width
image corresponding to the array of slits illustrated in Figs. (&ig. 6). We find that the spatial resolution is 0.65 mm in the
and 4. These cuts provide peaks associated with each slit in fi@irection, and 0.92 mm in th¥ direction.
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Fig. 8. X-ray image, with 51% 512 pixels, of an empty mineral water bottle
with some remaining bubbles.
C. Images

Fig. 7 is the image obtained by illuminating the detector withixel image of an empty mineral water bottle is shown. Itis seen
an®Fe X-ray source placed about 50 cm away from its windothat the remaining water bubbles are thick enough to completely
for a few hours. For this image, we used 1024024 pixel res- absorb the radiation, while the plastic bottle material is almost
olution and obtained around 1000 counts per pixel. This testifansparent. Some modulation is seen in the images, related to
lustrates fairly good image homogeneity. In Fig. 8, a 51212 the 1-mm anode wire pitch.
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VI. CONCLUSION
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