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The analog pixel section contains the front-end amplifier, the CFD filter, the
discriminator, and the TAC-TDC circuits with their control logic. These stages are
described in section 1 and 2. Section 3 discusses the configuration registers and section 4
reports the appropriate bias level which are needed for the correct operation of the pixel.
The chip also embeds 2 spare pixels that can not be connected to a detector (the bumppad has no opening) and are operated separately for test purposes. These test pixels are
described in the last part of this document.
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1. Analog stages: Theory of operation and simplified
schematics.
1.1.

Front-end amplifier

Figure 1 shows a block scheme of the front-end amplifier. The amplifier employs a
transimpedance topology with resistive and capacitive feed-back (R0-R1 and C0-C1 in
Figure 1). A additional slow OTA (OTA_L in Figure 1) is used in the feedback path to
compensate the leakage current of the sensor. To reach an adequate cut-off frequency, the
two differential outputs are low-pass filtered before being presented to the OTA_L block.

Figure 1. Block scheme of the front-end amplifier.

The core amplifier (OTA_MAIN) is a fully differential operational amplifier with
continuous-time common mode feedback and class AB output stage.
A schematic of the OTA is reported in Figure 2. The input stage is formed by two
triple-well NMOS transistors, M0 and M1 which are cascoded by M2 and M3,
respectively. Two fixed current sources with the same value, indicated as Iload in Figure
2, “steal” current from the cascode devices in order to optimize the noise and gain
figures. The load transistors M4 and M5 are driven by the common-mode feedback

Figure 2. Schematic of the main amplifier.

amplifier (M6 – M9). In the latter, cascodes were omitted because a too high gain in this
stage would have to instability. For this reason and from other non-obvious layoutrelated issues (n-well proximity, etc.) the common-mode loop generates a systematic dc
offset between the input and the output of the preamplifier in the order of 10mV (input is
positive). This offset alone is not a concern for the operation of the circuit. The leakage
compensation circuit, on the other hand, will try to compensate this mismatch, creating a
differential offset at the output of the preamplifier. This effect can be understood with
the help of Figure1. If there was no common-mode mismatch, no current should flow
through feedback resistors R0 and R1. With mismatch and in absence of leakage current
from the detector, this current is provided by OTA_L to resistor R1. This, in turn, calls
for a differential offset at the output of the main amplifier.
The stages following the front-end should be able to fully compensate this second-order
differential offset. If excessive time-walk is observed, one could try to bias vm some 8-10
mV above gnd_dect, in order to compensate for this effect. The offset at the output of the
preamplifier, with vm = gnd_det = 600mV is expected to be between -30/+10 mV (this
variation reflects all mismatches in transistor parameters, not just the phenomena
described above).
The leakage compensation circuit is connected to the mid-point of the feedback
network (R0-R1, C0-C1) as a compromise between compensation efficiency and noise.
In fact as much as 20 ps of jitter is gained (for lower amplitude signals), while the output
offset due to leakage is kept in the +/- 10 mV range for a leakage current of +/- 200nA.
Resistors R4 and R5 are long pfet transistors connected as diode and C2 and C3 are ncap
capacitors (nfet in n-well). A matter of concern here it might be the leakage current
through the capacitors, since the effective resistance of R4 and R5 is in the order of
Gohm. The front-end amplifier is complemented with the class AB output stage shown in

Figure 3. This circuit is necessary to drive with good power efficiency the resistive ladder
of the constant fraction discriminator filter.

Figure 3. Schematic of the class-AB output stage of the front-end amplifier.

1.2.

Constant Fraction Discriminator

The Constant Fraction Discriminator can be split between the CFD filter and the
discriminator itself, which processes the filter bipolar pulse and generates a full swing
CMOS output. Shown in Figure 4, the filter consist of four cascaded RC-delay cells. The
value of the capacitor can be programmed, so three different delays are available. Crosscoupled resistor R7 and R8 generates the fraction, which can be programmed to be either
50% or 30% of the signal. The discriminator that follows the filter can be split in three
stages:
1. The first stage, that amplifies the bipolar differential signal to near rail-to-rail
level;
2. The second stage that applies the threshold and detects the zero-crossing;
3. The third stage which is a differential to CMOS level translator.

Figure 4. Schematic of the CFD filter showing the connection of the differential pair N6-N7 for offset
compensation.

Stage 1 is on the same ground with the preamplifier. Stage 2 and 3 uses the “digital”
ground together with the TAC and TDC. This “digital” ground is different from the VSS!
of the standard cells. The first discriminator stage (Figure 5) contains 2 cascaded fast
differential amplifiers with resistive load and the dynamic offset compensation loop. In
order to optimize slew-rate, the transistors of the second differential stage are smaller
than those of the first one.
The offset compensation loop contains a low-pass filter (R4-R7, C0) and the M6-M7
differential stage. The current steered by these two transistors is extracted from the
differential CFD filter (see figure 5). The imbalance in the two currents creates a
differential offset at the input of M0-M1, canceling the offset at this stage. Capacitor C0
is MIM-cap type. In the first prototype, where mim-caps were not available, the same
capacitor was implemented by 2 ncap capacitors connected opposite to each other. If
mim-cap density is the final chip is a concern, one can replace C0 with the ncap
implementation.
The switches S0 and S1 in parallel to R6 and R7 are meant to reduce the time constant
of the low-pass filter. In fact, the presence of the offset compensation loop creates a
second zero-crossing of the bipolar signal and a long tail. For high amplitude signals, this
second pulse may cross the threshold and cause a second long digital pulse at the output
of the discriminator. In order to avoid this, S0-S1 are closed after each pulse, so the
system regains equilibrium faster. The switches are controlled by the dead-time signal
issued by the TAC Control circuit.

Figure 5: First discriminator stage.

The second stage of the discriminator, shown in Figure 6 employs the asymmetric
hysteresis scheme. It contains 2 differential pairs which share the same resistive load. The
first pair is driven by the bipolar signal while the second one is controlled by the
threshold voltage. Switches S0-S1 can shortcut transistors M2 and M3 so the threshold is
canceled. The switches are controlled by the output of the discriminator.

Figure 6: Second stage of the discriminator.

The third stage of the discriminator is a differential to single-ended (CMOS) converter
(Figure 7). It contains a single stage OTA (M0-M3) followed by a transconductance
inverter (M5-M6). The stage is completed by a biasing loop that assures that the
equilibrium point of the OTA and the inverter match. M9-M11 is half-replica of the OTA
and M12-M13 are identical to inverters M5-M6 and M7-M8. The error amplifier (X0)
changes the bias current through M4 and M9 until mid-point of the inverter and Vgs of
M11 are equal.
Feedback resistor R0 transforms M5-M6 inverter into a transconductance amplifier. This
reduces the swing at the drain of M1 and M3, maximizing speed.
At the output of this stage there is a polarity selector, not shown in figure 7. Based on
the polarity configuration, the output is inverted or not.

Figure 7: Last stage of the discriminator.

1.3.

Time to Amplitude Converter

Shown in figure 8, the Time to Amplitude Converter (TAC) contains a cascode commonsource amplifier and the MIM capacitor C0. Switches S0-S2 select from reset and normal
running mode as follows:
•
RESET: S1, S2 closed; S0 open.
•
Normal: S0 closed; S1, S2 open.
In reset mode, the amplifier is short-cut and the output terminal of the capacitor is
connected to the reference voltage. The voltage charged on the capacitor is Vref – Vgs0,
where Vgs0 is gate-source voltage of the input transistor M0.
In normal operation mode, the capacitor acts as a battery driving the output of the buffer
to Vref (Vgs0 remains constant). The switching between the two modes is controlled by
two non-overlapping signals are generated in order to avoid accidental discharge of C0
through S2 and S1. During the TAC time-window, S3 is closed and a constant current is
injected into the input node. The voltage at the output node drops proportionally with the
time-window, after the settling time of the amplifier. Four TACs are implemented on
each pixel and act as analogue buffers for derandomization purposes.

1.4.

TDC

The TDC is composed of a current mirror, the 4 TAC buffers, a capacitor four times as
big as the TAC capacitors and a synchronous comparator (see figure 9). M2-M4 branch
of the current mirror is used to load the TAC capacitors through one of the S9-S12
switches. In idle mode, S0 is closed so the current in the branch flows to ground.

Figure 8: Time to Amplitude Converter.

When the CFD fires, the current source is switched to the input node of one of the four
TACs. Since the current enters the input node, the TAC output node voltage will decrease
from Vref downward. The circuit parameters are adjusted so that the maximum TAC
output voltage corresponds to 25 ns (four master clock cycles). In the conversion phase
the output of the TAC in connected to capacitor C0, which has been previously
precharged to Vref. The TAC amplifier writes on C0 its output value, which will be
lower than Vref. After the voltage on C0 has settled, S5 is disconnected and the “recharge” current is switched from S7 to S8. C0 is charged back to the reference level and
the synchronous comparator senses the time at which Vref is crossed again. The values of
the coarse counter when the re-charge is started and when Vref is crossed-back are stored
into local registers and their difference provides the fine time measurement. To reach a
binning of 100 ps, the 25 ns full scale range must be digitized with 8 bit resolution (25
ns/256=97.65 ps). If the counter was run with a 40 MHz clock, this would imply a ratio
of 256 between the two currents. However, the coarse counter runs at 160 MHz, so in this
case the ratio between the currents would be 64. Another factor of four is gained by
making C0 four times bigger than the TAC capacitors. Therefore, the ratio between the
discharging and recharging currents in only 16, so the current source can be conveniently
embedded into each pixel while preserving good matching.
The “re-charge” branch of the current mirror contains only 2 cascoded transistors.
Since the output node of the branch is a slow-mover, a low-power error amplifier can be
used to keep the drain of M0 at constant level, thus keeping the current constant.
Originally, a dedicated design was foreseen for this amplifier, but due to lack of time, it
was replaced by a copy of the leakage amplifier. The use of quite small transistors in the

output stage of this bock makes its offset not optimal, and the circuit should probably be
revised in the next iteration.

Figure 9. TDC simplified schematic.

1.5

Time reconstruction

The total time during which the input current source has been connected to the TAC can
be found as:
Integer(Fine-time)*LSB
where the LSB is equal to 25 ns/256=6.25ns/64=97.65 ps.
To allow the possibility of digital error correction the full scale of the interpolating TAC
over-ranges the LSB of the coarse counter. Furthermore, the TDC logic works with a
clock of 80 MHz (CLK/2 in the following). The ramp is triggered by the asynchronous
CFD signal and is stopped on the first rising edge of CLK/2 following a falling edge.
This guarantees that adequate time is let to the TAC for settling and in practice it
translates into a systematic offset of one master clock period (6.25 ns, 64 counts) added
to all measurements. When CLK/2 is high, the value of the coarse counter can be even or
odd. However, this relationship will stay fixed once the system has started and can be
cross-checked with a suitable calibration pulse. In the rest of this discussion we will
assume that when CLK/2 is high, the coarse counter is odd. It is straightforward to repeat
the reasoning for the complementary case (i.e. coarse counter even when CLK/2 is high).
For the fine time calculation several possibilities must be considered:
1) The CFD fires when the coarse time is odd and the pulse occurs far from a clock
transition. This is shown in Figure 10. In this case the TAC ramp last between one and
two clock cycles. The time is then calculated with the following equation:

T = Coarse + ( Fine − 1 ⋅ CLK ) = Coarse + (2 ⋅ CLK − Fine)
2) The CFD fires when the coarse time is even and the pulse occurs far from a clock
transition. Note that the even/odd distinction is this case refers only to the relationship
between the CFD asynchronous pulse and the coarse counter, since in all this discussion
is assumed that the coarse counter is odd when CLK/2 is high. This situation is shown in
Figure 11. In this case, the ramp will last between two and three clock cycles, and the fine
time is calculated as:

T = Coarse + ( Fine − 2 ⋅ CLK ) = Coarse + (3 ⋅ CLK − Fine)
3) The CFD fires at the end of the odd cycle of the coarse counter, in close proximity of
the clock transition. This case, if there were no timing errors between the coarse and the
fine time logic, would be the same a case 1. It might also be that the CFD pulse is already
seen by both logic in the next (even) clock cycle, so case 2) will actually occur. Another
possibility is that the CFD pulse is still seen in the odd clock cycle by the coarse time
logic, that will latch in the local registers an odd count. However, the fine time logic

already sees the pulse occurring in the next clock cycle, so the ramp will last between two
and three clock cycles. This will generate an “error condition” (coarse time odd AND
ramp duration between two and three cycles), that can be identified. The correct time is
then calculated with the following formula:

T = Coarse + (4 ⋅ CLK − Fine)
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Figure 10: CFD firing in the odd course counter cycle far from the clock transitions.
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Figure 11: CFD firing in the even course counter cycle far from the clock transitions.
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Figure 12: CFD firing in the odd course counter cycle in close proximity of a odd-even clock
transition (end of an odd cycle).

Finally, the coarse time logic latches already an even value, but the fine time logic starts
the ramp on the odd one, so the fine time is between one and two clock cycles. In this
case the correct fine time measurement is given by:

T = Coarse + (1 ⋅ CLK − Fine)
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Figure 13: CFD firing in the odd course counter cycle in close proximity of the even-odd transitions
(beginning of an odd cycle).

4) Let's suppose now that the CFD fires at the beginning of an odd cycle, in close
proximity of the even-odd transition. If both coarse and fine time are taken as odd, there
is no error and we have again for the time calculation:

T = Coarse + (2 ⋅ CLK − Fine)
If both coarse and fine time are sampled as even, we have:

T = Coarse + (3 ⋅ CLK − Fine)
5) If the coarse is sampled as even, but the ramp start as odd, it will last less than two
clock cycles. Then time can be calculated as:

T = Coarse + (3 ⋅ CLK − Fine)
and the error will be O(100 ps).
6) Finally, if the coarse time is sampled as odd, but the ramp is started as even and will
last more than two clock cycles, the time is calculated as:

T = Coarse + (2 ⋅ CLK − Fine) .

2. Control stages. Theory of operation
2.1.

TAC Control Circuit

The TAC and TDC control circuits use the clock divided by 2.
In brief, the signal from the discriminator triggers a charging ramp of the TAC buffer
capacitor. The ramp is stopped at the first rising edge of the clock, following a falling
edge. The circuit then waits for 1(3) clock cycles and is automatically reseted for another
clock cycle. The time window between the end of the ramp and the reset phase of the
circuit is selectable via a global configuration pin (DEADTIME).
Since the TAC control circuit uses the clock divided by 2, the artificial deadtime of the
circuit is given by
∆tdead = TW + (n + 1) x (2 x Tclk),
where TW is the ramp time window, n is 1 or 3, depending of the deadtime configuration
bit and Tclk is the global clock period. This means, in average, 5 or 9 clock cycles
(31.25ns or 56.25ns for nominal conditions).
The circuit issues an output signal which is asserted from the beginning of the ramp to the
beginning of the auto-reset phase. The signal feeds the pixel_out output signal that goes
to the Digital Pixel Section, and the feedback output signal that controls the time constant
of the dynamic offset compensation circuit of the CFD. The two signals are separated due
to layout reasons.

2.2.

TDC Control Circuit

The TDC state machine has 4 states:
• IDLE – the circuit stays idle until fifo_empty is low;
• CHARGE_TRANSFER – the conversion capacitor (4C) is charged to the output
voltage of the TAC buffer;
• CONVERSION – the conversion capacitor is connected to a constant current
source, until the TDC comparator fires;
• RESET – TAC buffer and the TDC capacitor are reset to the reference voltage.

IDLE
fifo_empty?
Q_TRANSFER

CONVERSION
comparator?
RESET

Figure 14:TDC state-machine flow-chart.

The TDC FSM is clocked by the clock divided by 2. Q_transfer and RESET states are
timed by a 3-bit ripple counter, thus take 8 clock cycles (16 x Tclk, or 100ns nominally).
Tabel 2: Interface to Digital Pixel Section:
clk
rst
pixel_out
read_ptr
write_ptr
fifo_full
fifo_empty
soc
eoc
config_in

Global Clock
Global Reset
Hit flag
Read pointer (4 bit – one hot)
The read pointer selects the TAC buffer to be used by the Wilkinson digitization
control circuit.
Write pointer (4 bit – one hot)
The write pointer connects one of the four TAC buffers to the TAC control circuit.
The selected buffer is ready to record a new hit.
FIFO full flag. When high, any hit coming from the CFD discriminator is
disregarded.
FIFO empty flag. When low, it starts the TDC conversion cycle, if the TDC fsm is in
IDLE state.
Start_of_conversion
End_of_conversion
Local Configuration Register – 8 bit
Pin Description
Default
0 not connected (used for mask in digital section)
1 Test Enable
0
4:2 TDC DAC (3bit)
100
7:5 Threshold DAC (3bit)
000

3. Configuration Registers
3.1.
•
Pin

Global Interface:

Global Configuration Register:
Name

Alias

Description

0
1
2
3
4
5
6
7
8
9

cfd_f
cfd_d1
cfd_d0
pol
deadtime
selOut1
selOut2
testpulse_FF
tdctestcfg1
tdctestcfg0

•
•

Testout0 – Conversion window signal (high in conversion phase of TDC)
Testout1 – CFD Discriminator output

3.2.

selOut0

test_FF
testpol
testen

CFD fraction control
CFD delay control MSB
CFD delay control LSB
Polarity control
Deadtime control
Enable TestOut0 output (gated locally by TestEnable)
Enable TestOut1 output (gated locally by TestEnable)
When high, testpulse is synchronous to the clock
TDC test configuration MSB
TDC test configuration LSB

Default
value
1
1
1
1
0
0
0
0
0
0

TDC Test/Calibration Mode

The TAC and TDC section can be tested independently from the CFD section, using the
tdctestcfg0 and tdctestcfg1 global configuration pins, the local TestEnable pin of the
Local Configuration Register, and the global TestPulse line.
tdctestcfg1, 0
0
1
0
1

0
1
1
0

Running Mode.
TDC Test Mode
TDC Calibration Mode (1 x Tclk)
TDC Calibration Mode (3 x Tclk)

4. Bias section.
Bias

Reference

Ibias_pre
Ibias_leak
Iqab_pre
Vbp_his
Vbn_his
Vb2_his
Ibias2_tdc
Ibias_tac
Ibias_comp

VDDA
VDDA
GNDA
GNDA
VDDA
GNDD
VDDD
GNDD
VDDD

4.7
3.3
3.3
20
8.2
3.3
3.3
15
15

R
variable
(kohm)
10
20
5
100
10
10
10
50
50

vhdac_ibias

GNDD

22

100

Rfix
(kohm)

Vtyp

V(Imin)

V(Imax)

0.365
0.430
0.786
0.881
0.311
0.882
0.430
0.710
0.350

0.284
0.379
0.810
0.920
0.293
0.922
0.379
0.809
0.289

0.438
0.486
0.744
0.835
0.326
0.833
0.486
0.542
0.455

0.57

0.653

0.467

Ibias_tdc

GNDD

2.5

50

0.704

0.9386

0.61

ibias_oa_t
ibias_zvt_t

VDDT
VDDT

0.8
3.6

5
20

0.286
0.229

0.224
0.229

0.374
0.42

Bias
vref_tac
vm

Vtyp
850mV
600mV

Vrange
0.6 - 1.2
0.4 - 0.7

cal_voltage

0-1.2 V

ext. DAC

vh+
vh-

700m+Vth
700m-Vth

ext. DAC
ext. DAC

Vcas_pre
Vcas_comp

900mV
900mV

Obs.

option to be
controlled by
DAC

Obs
optionally tied to GND_det

0.6 - 1.2
0.6 - 1.2

Ibias_pre controls the bias current of the preamplifier. Typically it should be set to
50uA. Useful range is between 30uA and 70uA. Higher values provide better
performance in terms of speed, noise and ultimately jitter, but infringe on total power
budget. Using lower values can mitigate potential instability or ringing, especially in the
common-mode feedback circuitry.
Ibias_leak controls the bias current of the leakage compensation circuit. The useful range
is between 0.5uA and 2uA. The value reflects the leakage current that can be
compensated. It should be set as low as possible such to fulfill the previous conditions, as
high values infringe on noise performance.

Iqab_pre controls the quiescent current of the output class-AB stage of the preamplifier.
Higher values increase linearity and may improve time-walk, while infringing on power
consumption.
Vbp_his controls the current in the dynamic offset compensation circuitry. Useful range
is 5uA to 20uA, with nominal setting at 10uA. Higher values provide better offset
compensation, but the circuit becomes faster, infringing on the signal bandwidth. It has
been observed with the previous prototype that using higher values does not improve the
time-walk performance. Nevertheless, the test conditions were inappropriate, with high
input parasitic capacity at the preamplifier, thus signal bandwidth considerably lower.
Vbn_his controls the bias current of the two cascaded amplifiers of the discriminator
stage. Nominal value is 40uA. The load of the preamplifiers is resistive, so changing this
value will modify the common-mode level proportionally. It is recommended to be kept
at nominal value.
Vb2_his controls the bias of the slow compensation circuit in the last discriminator stage.
Its value should have a limited influence on matching at that stage. Typically should be
set to 1uA.
Ibias2_tdc controls the compensation amplifier in the TDC current mirror. Nominal
value is 1uA. It should have very limited influence on the effective current ratio.
Ibias_tac represents the bias current of the TAC amplifier. Nominal value is 10uA. The
value could influence the performance of the stage.
Ibias_comp represents the bias current of the TDC comparator. Nominal value is 15uA.
The value could influence the performance of the stage.
Vhdac_ibias is the bias current of the in-pixel threshold DAC. Nominal value is 100nA
while the useful range is 50nA to 200nA. The value defines the width of the DAC voltage
bin. Nominal value corresponds to 6mV (100nA x 60kohm).
Ibias_tdc controls the current in the current mirror of the TDC. It defines the current that
charges the TAC capacitor. The maximum voltage range of the TAC voltage is given by:
16 x Ibias_tdc x 3Tclk / CTAC
which for nominal values of
Ibias_tdc = 1.2uA,
Tclk = 6.25ns (160MHz),
CTAC = 690fF,
gives approximately 500mV, covering the effective range between 300mV and 800mV,
for Vref_tac setting at 800mV. The best value for this range should be obtained
experimentally. Lower values favors linearity, but increase the effect of noise on the TDC
accuracy. It should be noted that decreasing the clock frequency, the Ibias_tdc current
should be decreased proportionally to preserve the same range.

Ibias_oa_t controls the bias current of the test opamp. Nominal value is 500uA. Higher
value provides better slew-rate but may introduce same ringing, depending on the load
capacitance.
Ibias_zvt_t controls the bias current of the ZVT buffers in the test section. Higher value
provides better accuracy, while increasing the voltage offset. The useful range is set
between 20uA and 100uA.
Vref_tac. Reference voltage for TAC and TDC. The TAC amplifier and TDC capacitors
are set to this value during reset phase. The same level is used as threshold for the TDC
comparator. If the voltage on the TDC capacitors exceed 950mV, the “discharge” current
transistor is expected to go in the linear region. Considering the offset of the comparator
which is not compensated, the Vref_tac should not be set higher than 900mV.
Vm is the common mode reference fed to the preamplifier. Nominally it should be 0.6V
(or tied to the GND_det bias level). Due to systematic circuital mismatches and layout
effects the common-mode feedback circuit presents an offset in the order of 20mV which
can be compensated using this voltage. The compensation should reduce time-walk, but
may not be required.
Cal_voltage represents the voltage applied on the test pulse capacitor by the testPulse
signal. The capacitor value is 22fF and the reference voltage is gnd_det (typically 0.6V).
45mV w.r.t. gnd_det corresponds to 1fC signal.
Vh+/Vh- represent the differential threshold applied to the discriminator. A peak-to-peak
value of 250mV should be regarded as typical. The common mode is typically set to
700mV to accommodate for the offset introduced by the threshold DAC.
Vcas_pre and Vcas_comp are cascade bias voltages in the preamplifier and comparator,
respectively. Nominal value is 900mV.

5. Test Section
The test section contains 2 pixels that can be stimulated using only the TestPulse. The
detector is simulated by a capacitor of 170fF. The pixels are fully operational, except for
the multi-buffer operation mode. The 4 TAC buffers can be selected using the Global
Config Register giving the possibility to test for systematic differences among the four.
There is the possibility to monitor analog signals in one of the pixels by means of two
integrated inverting opamp-based buffers. The gain of the buffers is set to 1/3, to reduce
distortion due to high slew of the signal. Some of the monitored analog signals are prebuffered by a zero-vt source follower buffer. The circuit is designed to be stable for 10pF
load. Considering the pad and wire-bond capacitances, the actual load should not exceed
8pF and 1Meg.

There are 9 dedicated pads to connect power rails, control signals, bias and outputs of the
buffers. Pin assignment from top to bottom is:
• Positive supply for the opamps;
• Analog signal select pin 1 (MSB)
• Analog signal select pin 0 (LSB)
• Analog Output Positive
• Analog Output Negative
• Common voltage input
• OPAMP bias current
• Zero-vt buffer bias current
• Negative supply for the opamp (not connected internally to the analog ground).
Signal
select

Monitored Signals
00
01
10
11

CFD bipolar signal
TAC/TDC signals
Preamplifier output
Common voltage input (for opamp offset
evaluation)

Prebuffered?
YES
YES
NO
NO

