ELSEVIER

Nuclear Instruments and Methods in Physics Research A 386 (1997) 269-279

NUCLEAR
INSTRUMENTS
& METHODS
IN PHYSICS

RESEARCH
SectionA

Online readout and control unit for high-speed/high resolution
readout of silicon tracking detectors

J. Biirger™, K. Hansen, W. Lange, T. Nowak, S. Prell, W. Zimmermann

DESY. Hamburg. Germany

Received 4 October 1996; revised form received 2 December 1996

Abstract

We are describing a high speed VME readout and control module developed and presently working at the H1 experiment
at DESY in Hamburg. It has the capability to read out 4 X 2048 analogue data channels at sampling rates up to 10 MHz with
a dynamic input range of 1 V. The nominal resolution of the A/D converters can be adjusted between 8 and 12 bit. At the
latter resolution we obtain signal-to-noise ratio better than 61.4 dB at a conversion rate of 5 MSps. At this data rate all 8192
detector channels can be read out to the internal raw data memory and VME interface within about 410 ps and 510 ps,
respectively. The pedestal subtracted signals can be analyzed on-line. At a raw data hit occupation of 10%, the VME readout
time is 50 ps per module. Each module provides four complementary CMOS signals to control the front-end electronics and
four independent sets of power supplies for analogue and digital voltages (10 V, 100 mA) to drive the froni-end electronics
and for the bias voltage (100 V, 1.2 mA) to assure the full functionality of the detectors and the readout.

1. Introduction

In 1995 the H! detector has been upgraded by the
installation of silicon detectors near the beam pipe. The
silicon detectors, the Central Silicon Tracker (CST) and
the Backward Silicon Tracker (BST), are systems of
silicon-microstrip detectors [1] which are read out by the
APC chip. which is an ASIC that has been especially
developed for the readout of the H1 silicon detectors [2]. It
reads out 128 stripes and stores the analogue signals in a
pipeline made of 32 capacitors. After a trigger decision the
capacitor which stores the event is read out serially.
Several APCs can be interconnected in a way that one after
the other is read out. The pipeline capacitors are read in at
the HERA bunch crossing frequency of 104 MHz. The
serial readout is performed at about 2 MHz well matched
to read out 10 X 128 stripes during the latency of the first
level trigger of 800 us [3].

The scope of this paper is the VME module “"OnSiRoC”
{Online Silicon Readout Controller), which controls and
reads out the detector modules. The conceptual develop-
ment of this module was guided by the idea, to have one
module which assures the complete functionality of the
sificon strip detector and its front-end electronics namely:
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readout and digitization,

pedestal subtraction and hit detection,

complete controlling and monitoring,

delivery of all supply voltages to the Si-detectors and
their electronics.

The highly complex front-end chips of the most recent
generations need an increasing number of control signals
which cannot be provided externally. This demands a
hierarchial system of chips, which demultiplexes the
number of control lines. On the other hand, such a system
requires a feature to generate the sequence of control
signals for this chip. This feature, the “sequencer”, has
been integrated into this module. A further advantage of a
single unit for the entire functionality of the detector is the
possibility to avoid ground loops by having a well de-
signed grounding scheme. The presented module has been
designed for the Hi-Si-detector system, it can, however, be
configurated very flexible to operate any similar type of
detector.

In other experiments so far modules have been used for
the readout of silicon-strip detectors readout [4], which
focused on the readout, however. did not attempt to
integrate the complete functionality to operate the detector.
Furthermore given the readout architecture of the HI
detector {51, a VME compatible module was mandatory.

In the following section the module architecture is
described and the functions of the interface are summa-
rized. A detailed description of analogue signal processing
follows in Section 3. Different readout modes are docu-
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mented in Section 4. A summary of experimental results of
the module characteristics is given in Section 5.

2. Module architecture

The VME module OnSiRoC consists of the following
items: readout and digitization circuitry, sequencer logic,
the power supplies, registers and interfaces. The sequencer
logic controls the front-end electronics during the two
phases of operation, namely the front-end running phase
and the front-end-to-back-end readout phase. The module
is able to read out sequentially, to process, digitize and
store the data of up to 4 analogue inputs, each of 2'' =
2048 detector channels. Registers permit the controlling
and monitoring of all operation modes as well as the power
supplies for the front-end analogue and digital electronic
and the detector bias. A short description of these items is
given in the following paragraphs.

2.1. Readout and digitization
According to Fig. 1 the input analogue signal is pre-

amplified, and pedestal subtracted before it is digitized by
a 12-bit FADC. The results of the digitization are stored

with an additional overflow bit in a raw data memory.
Simultaneously to the storage of the data. the hit and
cluster detection is performed by a digital comparator
circuit. A hit is defined as a signal of a single detector
channel, that is bigger than a programmable threshold. A
cluster is a set of neighbouring hits. It is accepted if its
width is bigger than a programmable minimum cluster
width. The values of the thresholds and the minimum
cluster widths are programmable via the VME bus. A
cluster is finally parametrized by the address of the first
detector channel and the cluster width, i.e. the number of
neighbouring channels fulfilling the hit condition.

Each hit increments the pointer counter (as indicated by
the pointer block in Fig. 1). If the cluster width condition
is fulfilled, a pulse is generated to store the width and the
corresponding raw data memory address into the pointer
memory. Both memories, the pointer memory and the raw
data memory, have the same depth of 2048 words. The
pedestal memory contains 32 times the memory space,
thus the pedestal values for all 32 cells of switched
capacitors of the front-end analogue pipeline can be stored
[2]. Furthermore a 5-bit counter serves to store the
corresponding pipeline-cell address. Two channel counters,
CHI and CH2, are needed to compensate the timing delay
between the analogue input of the FADC and the digital
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Fig. 1. Block diagram of the analogue and digital input and address paths. Each module contains 4 parallel input channels.
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input of the raw data memory. CH2 runs several clock
cycles later than CHI.

All memories and counters are read- and writable via
VME bus. There are several options to read out event
information via VME. In the raw data mode the entire
memory is read out, which is the maximum of event
information however on the expense of read-out time.

The most condensed information is available from the
pointer memory (hit address and cluster width). Reading
out this memory only (*‘hit mode™) is the fastest access to
the event data.

In the “*hit-and-cluster mode’™ which is a compromise
between the two other modes, the hit address is read out
from the pointer memory together with the corresponding
raw data information from the hit channels forming the
cluster (plus some additional information from adjacent
channels).

There are analogue switches provided in the analogue
branch to vse the pedestal memory for testing the complete
functionality of the module in a stand-alone mode. To this

271

end the pedestal memory can be loaded with test patterns,
e.g. simulated analogue input signals.

2.2, Sequencer

The sequencer generates signals to control the front-end
chip (which is in case of the H1 experiment the APC) and
the internal readout of the board itself. As shown in Fig. 2
the sequencer has been realized as a classical micropro-
gram memory. The memory space are 128 K words of 32
bits each. The lower 16 bits (SQDO...15) contain the data,
the higher 16 bits (SQDI16..31) are representing the
address of the next step to be performed. The 16 data bits
are provided for control tasks: 8 bits for the board internal
control, 3 bits for free external use and 5 bits for front-end
specific use. The sequencer is clocked at twice the readout
frequency. The duration ot the high and low periods
corresponds to the clock frequency, for special applications
the high period of SQDI and SQD2 can be reduced by
50% by setting the bit SQD4.
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Fig. 2. Block diagram of the sequencer. ID 0..31 represent the internal module-data bus. The sequencer bit SQD 14 represents the

lower/upper memory address bit SQA 16.
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Two standard operation mode sequences, usually the so
called scan and readout sequence, located at different
memory areas, are possible. Their start addresses are stored
in the registers of the iower and upper transceivers on the
right hand side of Fig. 2. The address register of the
feedback branch (SQDI16...31-to-SQAOQ...15) holds a third
start address for test purposes. The startup circuitry of one
of the operation modes is designed to interrupt the progress
of the other sequence and to take the system control. The
maximum length of a sequence can be 128 k of fully
programmable steps with possible endless loops. A typical
program is much shorter, e.g. 3000 words for a sequence.
To generate a sequencer code in a comfortable way a
high-level programming language compiler has been de-
veloped [6].

2.3. Power supplies

The OnSiRoC module contains four groups of three

switching power supplies V,, V, and V,. The analogue and
d:mml vn]taqu V and V have insulated outputs in order to
permit ﬂoatmg sources. The bias veltages V, are equipped
with a current measurement circuitry with a range from 0
to 1.2 mA. Whereas the analogue and digital 10 V-sources

V, and V, are adjustable on board, the 100 V-sources V, are
adiustable via VME bus, In order to mi

Gjusialic VA DUS, orger o m

mize the switch-
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ing process impact to the analogue circuitry, all switching
power supplies use a separate power supply in the VME-
crate. The current loop of this extra supply is separated
from that of the regular one. The negative poles of the two

lies are connected at one noint on the backnlane to
i1€s are connected at one poim on the packpiane (o

realize a common reference. All input supply connections
are protected by melt-fuses on the card. This way of
protection is not viable for the outputs, because it would

cause power losses. Thus a special protection circuit has
ha, developed which n
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the continyous swi
behaviour as a criterion for overload. If the regulator is
switching continvously with the exception of the power-on
phase, the protection circuit detects an overload and
switches the regulator off. This circuit is realized with two
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gamac nannantad ratriacarahla aan

in series connected retriggerablc monost
(Fig. 3). The first one (MM1) holds an output pulse width
between one and two regulator oscillator-periods and has
to be restarted by each negative edge on the regulator
output. Consequently during overload, there should be only
one continuocus pulse present on the multivibrator output
due to the steadily retriggering (cf. Fig. 3¢). The second
monostable multivibrator (MM2} determines the possible
overload duration (startup insensitivity interval length).
This circuit is triggered by the edge of the MM1 output

The NMAD r\n{pnt contr, diractly tha ON/NOELR

sonal ala
10 Mivie ouipul Controis GifiCCuy uiC wiv/vure-

signal.
regulator input. To hold the power supply operating, this
monoflop has to be continuously retriggered within its
fly-time. Therefore the regulator ON/OFF-control signal
(c.f. Fig. 3a) is actually a MM2 output pulse, e.g.
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fly-time (overload conditions), it returns to its stable state
and switches the regulator and thus the power supply off.

2.4, Registers

Beside the transceivers and registers, which enable the
access to memories and counters via the internal data bus,
the OnSiRoC comprises three additional 16-bit registers,
namely the control registers 1 and 2 and the status register.
The bit-significances are summarized in Table 1. The
control register 1 controls the external trigger signals and
the VME-bus interrupts. The control register 2 is used to
switch the power supplies on and off and to disabie the
analogue inputs for test purposes. Furthermore, it is used to
disable the external third-level-trigger keep and rejection
signals, which are used to continue or abort the readout
phase, respectively. The status register reflects the state of
several hardware signals. Thus it can be used to decide
whether the front-end readout is finished and whether an
event is ready in the front-end memories. It also indicates

the state of the power supplies.

2.5. Interfaces

The OnSiRoC is provided with a complete VME slave
interface. All its functions are controlled by a standard
VME architecture. Address modifier codes are pro-
grammed for standard (24 bits) and extended address

maodee (22 hite) All data trancfers are sither douhle
mMOGes (52 Oits). All gata ransiers are eitner geuosie

hyte aor
oyte or

quad byte transfers. The VME interface is able to generate

n “‘interrupt on’" at one of the interrupt request levels | to
7. Several user-definable pins of the J2/P2-bus connectors
are connected to the signals of the external trigger system,

ta tha additinnal L & ‘/_nr\“—no far tha ~hing mavoas
woun auuluu al m ¥TOUULILAL 1UL Uv DWll\/llllls PUWLI
supplies (see above) and to a — 5 V-source for internal
board use.

The control signals generated by the sequencer are
complementary CMOS-compatible and available at a 20-

nnnnnnnn FARA cntant Aalea eilhlinay ad tha fonne
11IEL Uuliia 1ipuulr) at uic 11l

Plll \-ab{c \rUlllIC\«lUl \vuivi
panel. A voltage devider provides the matching of the
output levels in accordance with the front-end require-
ments. A 50-pin front panel connector (3M mini delta
ribbon) contains the analogue input and the power pins.
The 'di‘:an’)guc a.lgﬁi‘ua are transferred uxffﬁfeﬁtlauy with
admissible variations of 0.5 V and an allowed common
mode of 2.5 V. The input termination is 120 Q.

The VME module OnSiRoC (Fig. 4) consists of a
12-layer printed circuit mother board and a 14-layer
yuuwd circuit dausuwl board. The mother board is 6 units
(26 cm) high and 22 cm deep, the top-side is mainly
assembled with surface mounted components. The daugh-
ter board is 16.5 cm high and 11.5 ¢cm deep and is fully
top- and bottom-side assembled with surface mounted
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Fig. 3. (a) Overload protection circuit with two multivibrators, (b) operation at normal operation mode, and (c) at overload mode.

3. Analogue signal processing

The signal amplitudes of the analogue inputs are trans-
formed by an instrumentation preamplifier (Analog De-
vices AD830) with a closed loop gain of (R, + R,)/R,,
according to Fig. 5 to a full dynamic range of —2 V0 0
V. If the active switch is closed (i.e. INPUT Enable =
TRUE as shown in Fig. 5) the preamplifier delivers the
input signal for the post-connected inverting analogue-
adder stage (Comlinear CLC409) for an offset correction.
The values of the coarse and fine pedestals (R, ... Ren.)
are defined by the digital input of the 8-bit DACs (Analog
Devices AD7228 and Sony CXD1177) within their full-
scale ranges (FSR), 2.5 V and 2 V, respectively. The actual
pedestal values at the analogue adder output are further
depending on the values of the corresponding resistors R,

and R,. The reference voltage current feed is supplied by
V... and depends on R_,,. It shifts the dynamic range from
—1 Vit + 1YV, which corresponds to the analogue input
range of the 12-bit FADC (Analog Devices AD872). Thus

the output voltage V. of the analogue adder is given by

R() Ril + RiZ R() RU R()
in T R.Vcnursc + R‘Vfine) - Rru'vre!"

¢

R,=R,=3iR_ =560 Q and R=R,=430 (} are
limiting the dynamic ranges. The coarse and fine pedestals
may be expressed as:

VC()arSe _ik 2, Avcnarse . h k 0
Vie | 120" AV withke{01}.

fine
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Table 1

Definition of the bits of the control registers 1 and 2 and the status register

Bit Contro] register 1 Control register 2 Status register

0 Pedestal enable Power supply V,, on Sequencer in operation

1 Internal clock Power supply V,, on Scan phase on

2 Internal run enable Power supply V,; on 2nd level trigger prompt on
3 External run disable Power supply V,, on 2nd level trigger delayed on
4 External fast clear disable Power supply V,, on Front end ready on

5 Front end ready enable Power supply V,, on Interrupt on

6 External 1st level trigger disable Power supply V; on 2nd level trigger keep on

7 Antomatic 1st level trigger sequence Power supply V,; on 3rd level trigger keep on

8 Control signals enable Power supply V,, on 3rd level trigger reject on

9 Encoded interrupt level 1 Power supply V,, on Power supplies V., and V,, on

i0 Encoded inierrupi ievel 2 Power supply V,, on Power supplies V,, and Vd, on
11 Interrupt vector 0 Power supply V,, on Power supplies V,, and V,, on
12 Interrupt vector | Disable inward analogue signal Power supplies V,, and V,, on
3 Interrupt vector 2 Disable inward analogue signal Not used
14 Interrupt vector 3 Disable 3rd level trigger reject Not used
15 Interrupt vector 4 Disable 3rd level trigger keep Not used
For the given 8-bit resolution the voltage increments are chosen ratio of R./R,~15.8 results in a voltage increment
given by of 0.5 mV at the FADC input. In this case the nominal
) resolution of 12 bit is obtained. However a ratio of
A‘/umrse} {FSRwam 1 :{10 mV R,/R,=1 yields a resolution of only 8 bit.
A‘mee FSRhne 28 —-1 8 ﬂ'lV

It can be further reduced by increasing R and R, at the
cost of a decreasing pedestal range.

The proper dimensioning of the resistors R, and R,
depends on the pedestal variations of the input channels. In
Fig. 6 examples for the worst case (a) and a tvm(‘al case

Il exampees for e OIS Cd45C anc pledl cas

(b) of pedestal variations are shown. We first conmder a
signal with high pedestals (a). The diagrams (i) and (ii)
show, that an error-free signal analysis is only possible, if
the channel independent coarse pedestal values are less (i)

or eaual (i) to the minimum pedestal amnhhlr‘lp In case

Or Cua: (1) 10 N0 TN prlesial ainpiiiudc, I case

(ii) the lowest maximum values of fine pedestals, drawn as
dotted lines with its peak values at 0.7V__ , are required.

Lower coarse pedestals result always in higher fine levels
(cf. case (i): 0.8V, ). An increase of coarse values above

the meagured mgmmum ppdpgml amnlnndp leads 10 errors

at these positions (cf. errors 1 and 2 in diagram (a, iii)). To

avoid this situation the following procedure to get reason-

able values for R, and R, should be followed:
Measurements of events without pedestal correction

houan tn ha narfnrmad m 1 1
have 1o be performed over a longer time period in order to

max

determine the time averaged maximum and minimum input

values V,, .. and V..

o Increase R, until [V,.|=[V. |- (R, +R,)/R,
2 V is valid.

e Change R, untl V.. .|=|V. ..l-R./R, becomes
25 V-10 mV.

e Change R, until |V, |=(V, . ~V. _)-RJR, be-

comes less than 2 V—8 mV.

The overall-resolution is limited by In . In Fig. 6b the

4. Operation modes and timing

Two different sequences control (i) the scan phase of
the running front-end electronics until an event is detected
and (ii) the subsequcnt readour phase trigg
event detection. This readout phase consists of two parts.
The first one is a synchronous readout from the front-end
to the raw data memory, after which the scan phase is
restarted. During the second part of the readout phase the

ronously (VME handshake

ered by an

stored data will be sent asynchi
procedure) from the raw data memory to an external unit
via VME bus. A somewhat more complex situation is
shown in Fig. 7, where a second event occurs already
during the second part of the readout phage The 2nd-leve)
lrlggcr occurs and sets the two internal trigger bits, 2nd-
Level Trigger Prompt, 2nd-Level Trigger Delayed, and
sets the Front-End Ready (cf. status register, Table 1) off.
The delayed trigger bit avoids the readout of a second
event before the first event has been read out completely. it
is on, if the readout phase is in progress. After finishing the
data transfer from the front-end to the raw data memory
the sequencer sets the stop bit SOD/5 (cf. Section 2),
which activates Front-End Ready and stops the sequencer.
Then the external readout processor is initiated and starts
the asynchronous raw data transfer from the raw daia
memory via VME bus. At the end of this readout phase a
VME-command resets the 2nd-Level Trigger Delayed bit.
The sequencer starts again the readout phase and the

transfer of the data of a second event is invoked.
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Fig. 4. Photography of the OnSiRoC VME module.

once all other branches of the experiment have set their
Front-End Ready and acknowledged the 3rd-level-trigger.
Because the readout time is event-dependent and branch-
specific, the Fast Clear may arrive before, during or after
the readout phase. The Fusr Clear invokes the sequencer to
start the scan phase, which requires a few cycles setup time
before really reading out the strip signals. Usually as a
readout phase is inactive, the scan phase is active. This
situation is shown by the hatched areas at the right- and
left-hand side in Fig. 7. The timing diagrams of the keep-
and reject-bit of the 3rd-level trigger (cf. Table 1) are not
shown. Whereas the keep signal activates only the corre-

sponding status register bit, the reject signal interrupts the
running sequence.

The actual event number is readable via VME from an
on-board 32-bit event counter. The time intervals 4z, and
Ar., in Fig. 7 mark the readout times of the internal
(front-end- to raw data memory RDM) and external (raw
data memory RDM to VME) data transfers, respectively.
As it will be shown in the following section the OnSiRoC
works without any bit errors at data rates up to 5% 10°
samples per second (5 MSps). At this data rate 4X2048
detector signals can be processed and stored in the raw

data memory within Ar, =410 ps. A further increase of

rol
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Fig. 5. Schematic diagram of the analogue branch. The shown switching position corresponds to INPUT Enable =TRUE. In the opposite
switching position the inverted fine pedestais can be used as test signals.

ver values and
vice versa. Concermng the data transfer via VME bus the
readout time Az, , is determined by the handshake pro-
cedure and the OnSiRoC internal signal processing. A
readout of the whole raw data memory needs 2X2048
32.bit data transfers, i.e. 4096 VME commands ch of a

J<-0It Gata 15185, AUV VMR commandas, €acn of

cycle time of about 120 ns. This causes a maximum
readout time of approximately 500 ws. In a typical event
less than 10% of the raw data memory space is related to
hits, so that a successful hit and cluster detection decreases

ingly lower

7]

tha randAnt tima tn < 8N 1i¢ nar MINQIRAM
LIV Ivauvul uliiv w ~JY lnhb lJ\/l NS IANU..
5. Module characterization
’T‘kn I.unn...h, error ,-.F tha r\ﬂnl/\n-lm processing l«.nn I\AA.‘
411G iacariv 1 (9§19 Acuusu\, l) ULLODIL ls 11 veull

determined for a 12-bit resolution at a sample rate of 5
MSps. There is no fundamental limit for this rate. 10 MSps
are also guaranteed, if the FADCs are selected under
special timing aspects [6]. The results for 5 MSps are
chnuim in Fig @ B and D haue hosn calantad ¢4 £ Q LO)
2IUWIL 1L I ls. 0. “f aliu l\ 11ave ULl dUICLILU LU U.O Ra b

and 1.12 k), respectively. The measurements of the
analog input circuitry (INPUT Enable =TRUE) have been

made without any pedestal correction (V, ... =0, V.. =0).
In Fig. 8a the FADC OUTPUT signal is shown in steps of
thn langt gignmi SR st Lales £. 1Q  finemen see

LT 1Cadi blslll“Lalll oI LA)DIZ 07 10 lllpul VUllasCD
between 0.05 V and 0.95 V. At the right hand side of the
figure the deviations from the linear relationship is shown.
A quantization error of =0.5 LSB,,, which is the typical
nonlinearity for the bipolar operation mode has been

fannd In caontract ta diffarantial nanlinaarity  tha 3
LVUULIAL, 111 LU asL wo Ulll\-l\/llll“l llUlIllll\aalll], LN ul\.\,sla

nonlinearity INL amounts to —3 LSB ,=<LSB =<
LSB,, (1 LSB,,=0.5 mV). A comparison with the
manufacturer’s specification of +2.5 LSB,, indicates, that

the accuracy of the analogue input circuitry is dominated
e FADC, Renlacine the FADC bv the

FADC. Replacing the FADC by the

nfnnrnl

b s the gualit

it type ADRT2A,
be obtained. Further minimization is attainable by arith—
metical correction of this systematic error in the sub-
sequent data analysis.
The maximum nonlinearity of the pedestal correction
reuit (INPUT Enable=FALSE) was

circuit (INPUT Enable \L.SE)
storing a randomly and uniformly over the whole dynamic
range distributed data set of total 8X256 bytes in the
pedestal memory. These values were transformed via DAC
and FADC to the raw data memory (cf. Fig. 8b). The

TSR < INI =410
=P t

lh ._“1 =N, =

ore recent tv values below *1.75 L QR , can

determined }“l

nlinearities result —

nonuineantes resuit in

LSB,,. The differential nonlmeanty amounts to *2.5
LSB,,. At a nominal pedestal corrected 12-bit resolution
(R, =6.8 k{}) the positive and negative limiting values are
surnmed to about +0.7 mV. In the worst case the analogue

valia nd tha arracnondine adagtal ara lyinag 1 mVU
vaiu€ ang umnc \«uu\,oyuuulus yuu\.otai aiC 1yiilg 1 iy

corresponding to 2 LSB,, above and 0.7 mV below their
correct values, respectively. From these results we obtain a
maximum inaccuracy of 1.7 mV, which corresponds to a
signal-to-noise ratio of 61.4 dB and an effective resolution
of 9.9 bits. Using the same cxtreme estimation for R;/R,= |
(nominal 8-bit resolution) leads to values of 49.1 dB and
7.9 bit.

The measurements of the voltage sources were made
using a test adapter with variable terminating resistors. The
test pGiﬁtb arc located on the 50- plu connector at the front
panel. The analogue and digital sources can be loaded with
a maximum of 1.9 W. Their voltages can be fixed between
5 Vand 10 V. In this region the ripple voltages have been
measured to be less than 30 mV. Their insulated outputs are

well nrotected acainst overload. The voltages of the bias
woit FlUl\/\«\.\-u dagailist UVOIIUad. 8 VORdges U1 the ovias

supplies are adjustable via VME between 0 V and 100 V
and their maximum load is 120 mW. During a measure-
ment period of several ms the ripple voltage remains well
below 160 mV. Usually such high voltages are unregulated

at the front-end side and an additiocnal rinnle voltage
the front-end side and an additiopnal rippie voltage
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Fig. 6. Input, pedestal and output signal amplitudes for the cases of high (a) and low (b) pedestal variations. The abscissa on all plots
represents the channel number, corresponding to the number of the sequentially sampled analogue value of a strip. The position of the
channel independent coarse pedestal determines the system resolution as well as the error rate. Its value is constant for each of the analogue
channels and drawn as broken lines. The solid lines describe the sum of the fine and coarse pedestals.

measurement has been made with shielded multicoaxial
cables, terminated with 100 nF in parallel to 100 kQ2. At
100 V the ripple voltage drops to peak-to-peak value of
<15 mV, corresponding to an accuracy <1.5X107°

6. Conclusion

The described OnSiRoC module can read out 4X2048
analogue data at sampling rates up to 10 MHz with a
dynamic input range of 1 V. The resolution of the ADC
branch depends on the resistance ratio R./R,. The follow-
ing values were found at a conversion rate of 5 MSps:

At a nominal best case pedestal corrected 12-bit res-
olution (R,/R,=16) a maximum inaccuracy of 1.7 mV was
found, which corresponds to a signal-to-noise ratio of 61.4
dB and an effective resolution of 9.9 bits. On the other

hand, at a nominal worst case 8-bit resolution (R,/R,=1)
49.1 dB and 7.9 bits were found, respectively. The
OnSiRoC can read out up to 8192 analogue detector
signals from front-end to raw data memory within less than
410 s and from raw data memory via VME to external
signal processor within less than 510 us. In the case of
effective hit and cluster detection the VME readout time
can be reduced to less than 50 ps per OnSiRoC.

The OnSiRoC has been used in complete read out
systems both in laboratory and in the HI experiment. The
described properties were confirmed. The signal-to-noise
ratio in these setups, however. were largely dominated by
the characteristics of the front-end systems [6]. In case of
strong common mode fluctuations or frequent changes of
pedestal values of the input signal to the OnSiRoC, the
hit-finding electronics may have reduced efficiency. This
can be cured by frequent downloading of pedestal values
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or by reading out the raw data memory for later process-
ing. In both case the read out speed becomes considerably
reduced. To overcome this drawback, a future development
of the OnSiRoC architecture has to include processing
power on board or on a separate module. The later way is
foreseen for the read out of the Hl-silicon detectors.
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