Design of a comparator in a 0.25um CMOS technology.
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consists of a charge sensitive preamplifier / shaper, an

Abstract analog pipeling of a programmable m_a>_<imum length of

_ 160 stages with integrated derandomizing buffer of 16

A comparator for the LHCb readout chip, the Beetle,  stages and a serial read-out for up to 40MHz read-out

has been designed in a 0.25um CMOS technology andsiSeed. In case of using the chip as binary pipeline the

each comparator has a 3 bits DAC. The comparator Cafpeline and a fast binary multiplexer is used to read out

handle positive and negative input signals. A polarityne chip at a speed of 80MHz maximum.

ignal ch h larity of the threshold level - : :

signal changes the polarity of the threshold level and The comparator is, like the Beetle, implemented in a

makes the output signal always active high. The output )
signal is latched by a 40MHz clock and is selectabllé'25le CMOS  technology, using rad-tolerant layout

between time-over-threshold mode (in 25ns bins) and oﬁ'éles'
pulse mode (25ns). Simulation results will be discussed in To make the comparator insensitive for low frequency
section 1. input signals, e.g. temperature drift and different offsets,
one of the inputs of the comparator has a low-pass filter
to obtain the DC-level of the incoming signal. This level
. INTRODUCTION is summed to the threshold level. The threshold level
For fast primary vertex reconstruction and pile-ugonsists of a controllable level used for all comparators
rejection, binary hit information is needed from the LHCHglobal) and an individual level controlled by a 3 bits
vertex detector front-end electronics. Therefore ®AC for each comparator (local).

comparator for the Beetle chip has been designed. The comparator output signal is latched at a well-
i defined time by a 40MHz clock, which is related to the
‘ o bunch crossing frequency. The width of the analog
r— comparator input signals is on average 40ns and therefore
B the time-over-threshold can be longer than one period. By
‘ 7 fmu— means of an "output mode selection” the output signal can
w2z COTPT s2au 1 MUX e be in time-over-threshold mode (in 25ns bins) or in one
! 2auimx | HSS Los @ sowz ] pulse mode (25ns) once the input signal went over
' ' Ry threshold.
Testpulse | | Frontend ipoine Control | | Ezckend Data Header The comparator can deal with positive and negative
Gonermtor] | e Cenermer pos Genermer] [ S input signals. A polarity signal switches the polarity of
E—— the threshold level and controls the output stage in such a
e meree) | inertace way that the comparator output signal remains positive.

In addition a multiplexer has been designed to store
hits as binary information. The multiplexer selects

The Beetle is a 128 channel analog pipeline chip fd¥etween the front-end shaper output and the comparator
the LHCb experiment and can either be used as an anafpPut and converts the digital comparator signal in a 0 or
pipeline chip or as binary pipeline chip. Each channel

Figure 1. Block diagram of the Beetle chip



10 MIP analog signal before sending it to the analog
pipeline.
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Figure 2: Block diagram of the comparator

In the following subsections each block in the design
will be explained in more detail.

A. Low-pass Filter

The comparator-input signal from a front-end
amplifier-shaper combination consists of a DC-level with
a shaped pulse. The DC- level depends on temperature,
offsets and bias settings in earlier stages. To make the
threshold level insensitive for these fluctuations, the DC-
level is obtained with a low-pass filter and added to the
threshold level.
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Figure3: Low-passfilter

The low-pass filter consists of a capacitor and a
resistor. The capacitor is made by the gate-source
capacitance of a transistor and is about 2.3 pF. The
resistor is made by a long channel transistor and has a
resistance of about 2 MQ. So the time constant is about
5us.

A disadvantage is that also the signal pulses

integrated which causes an error voltage in the thresh
level. The size of this error voltage depends on the sig

pulse amplitude and the repetition rate.
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p

Error voltage = V1

B. Adder

The adder consists of a source-follower and a resistor.
The source-follower buffers the output voltage from the
low-pass filter. The threshold level is the voltage on the
source plus or minus the voltage drop across the resistor.
This voltage drop is made by a current (I threshold) from
the threshold circuit (figure 5).
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Figure4: Adder

C. Threshold

The controllable threshold level is the sum of a level
used for all comparators (global) and an individual level
controlled by a 3 bits DAC for each comparator (local).
The sum is converted into a current (I threshold) and is
used for the adder above (figure 4). The threshold current
can be switched positive or negative, depending on the
polarity of the input signal.
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Figure5: Threshold circuit
are

r‘]’g. Compar ator

The comparator consists of two differential amplifiers
with a gain of 30 x. The first stage has a differential
output to use its gain twice. A buffer decreases the gain
with 0.7 x. So the total gain is 0.7 x 2 x 30 x 30 = 1260.

Where t is the width of the signal pulse [40ns shapinghis Is sil_'nulat_ed and can be seen in figure 14.
time], T is the repetition rate [s] and Vp is the amplitude The signal input has a source follower to keep the DC-
of the signal pulse [V]. levels on both inputs the same. The source follower of the

Assume a channel receives a hit every us (1MHzBr.1reShOIOI inputis placed in the adder (figure 4).

The error of the threshold voltage will be about 4% of the With a polarity signal the output signal can be
signal pulse amplitude and will not have a bignverted. This makes the output signal always active high,
consequence for the performance of the comparator.  in spite of the polarity of the input signal.

Error voltage MBZLOOmV =4.2mV

[000-400

This is simulated in simulation 4 (figure 15)
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The circuits of the two inputs are symmetrical to make
an accurate comparison of the input signals. This can be
seen in the circuit diagram of the comparator (figure 8).

The transistors with the same function are paired and
matched. Matching tolerances are minimized by
appropriate layout techniques. An example is given for
the two buffers.
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Figure 7: Layout example for better matching
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Figure8: Circuit diagram of the comparator

E. Output sampling & Mode selection

The output signal of the comparator is latched at a
well-defined time. This latch is clocked by a 40MHz
clock, which is related to the bunch crossing frequency.

The time-over-threshold can be longer than one
period. By means of an "output mode selection” the
output signal can be in time-over-threshold mode (in 25ns
bins) or in one pulse mode (25ns) once the input signal
went over threshold.
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Figure9: Output sampling & Mode selection
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The 2 modes of output selection are simulated and can \
be seenin figure 10
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Figure 10: Two modes of operation . .
g P B. Smulation 2

. The threshold level is set to 0.5 MIP. Now al inputs
F. Sgnal converter & Multiplexer will generate an output signal. In figure 13 one can see
For fast primary vertex reconstruction and pile-up thetime-walk from 1to 10 MIP. Thisisabout 8ns.
rejection, binary hit information is needed from the LHCh ' :

fisg ut Tnput SMT

vertex detector front-end electronics. Therefore one can v
select between binary information from the comparator v
and an analog signal from the shaper. The selection is o
done with an analog multiplexer and the digital output
voltage of the comparator has to be converted into 0 or 10
MIP analog signal. e b
Output signal W
from shaper Analo; Analo; a0
o T_’
Output .
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Figure 11: Signal converter & Multiplexer e i e e o
Figure 13: Output signals Vsinput signa at a 0.5 MIP threshold
level
Il. SIMULATION RESULTS
A. Smulation 1 C. Smulation 3
The input signal (F/E shaper output) is swept from 1 As calculated in subsection “D. Comparator” the gain

to 10 MIP. The shaper output is about 16mV per MIP. is about 1260 times. With a power supply voltage of 2.5V
The threshold level is set just below 5 MIP. In the figure  the input signal must go 2mV above threshold to make a
12 one can see successively the input signal, the full swing output signal. In the figure 14 the input signal
Comparator output S'gnaI, the Sarnp|ed output ggna] of the SWingS +/- 2mV around the threshold level and the Output
comparator and the sampling clock. As expected the signal goes from ground to Vdd.

output signal is only active when the input signal is5 MIP

or more.
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Figure 14: Output signal Vs 2 mV input signal

D. Smulation 4

In this simulation the behavior of the low-pass filter ~ Figure 17: Layout of comparator, threshold circuit and low-pass
(figure 3) is simulated. Every micro second the filter gets ~ filter
an input signa with a pulse width of 40ns and an
amplitude of 100mV. The output signal climbs with a

timing constant of 5 us to 4.8mV, which is almost the IV. WORK TO BE DONE
4.2mV as was calculated in subsection “A. Low-pass Tpe comparator will be tested in a Frontend-
filter”. Comparator test-chip and in the Beetle 1.0 chip.

comparators will be measured to obtain more information
about the matching tolerances. With the threshold DAC
one can compensate for some mismatch, but if one can
compensate for the DC-signal variations of all

components, the low-pass filter can be omitted. The

In
100mV

/ Output DC-signal variations of frontends and

130

e e results will be implemented in the next submission of the

#N\FWMW\N\W\H y (w ’\1 1 ‘ Beetle chip, which is planned in spring 2001.

L,ZZI ﬁ{ V. CONCLUSION

- ‘ The simulation results show that the comparator
¢ works as was intended and that it meets the requirements

Figure 15: Output signal filter Vs an input signal every micro  [2] as foreseen for the pile-up detector.
second
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