
Discrepancy of MIP Peak 
between 2019 and 2021 

Beam Tests
RIKEN/RBRC

Itaru Nakagawa

1



Cheng-Wei Shih (NCUHEP, Taiwan)sPHENIX INTT

DAC scan comparison
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DAC Scan all l1

Fit parameters - Signal

 0.170± Width = 1.093  •

 0.426± MIP = 75.422  •

 290.29± Area = 19262.15  •

 0.307± sigma = 16.854  •

Fit quality

/ndf = 52.053/19 = 2.7402χ •

DAC Scan all l1

Testbeam2021, 50 V

Positron beam, 1 GeV

Testbeam2019, 100 V

Proton beam, 120 GeV

The peaks are different

Original though : because of the difference of the supplied voltage
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https://indico.bnl.gov/event/15657/contributions/63079/attachments/40865/68318/INTT_energydeposit_summary.pdf

2021 Test beam was operated 
at 50V instead of 100V. 
However, observed MIP peak 
position (collected charge) 
was too low compared to what 
we expect from theoretical 
prediction.
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2019 Beam Test 
• RCDAQ. FPHX parameters 

were operated via expert-GUI.
• I couldnʼt find the exact 

records of FPHX parameters 
for the 2019 beam test 
though, it is likely FPHXs 
were operated with default 
parameters.
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Expert GUI Screenshot provided from Jin Huang
(Typical FVTX Operating Condition)

Default Configuration
Telescope
• Position

• x=1570mm
• y=150mm

• Rotation
• 0o

• Vertical Tilt
• 0o

DAC Threshold Value
0 8
1 16
2 32
3 48
4 80
5 112
6 144
7 176
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Beam
• 120 GeV primary proton
• ~10kHz
• sy ~2mm, sy~6mm

No specification in the 
gain setting. Unless we 
customize parameters 
via expert-GUI, FPHX 
just runs with default 
parameters (or loaded 
from a default setting 
file?)

Snapshot from the RunPlan of Beam Test 2019



2021 Beam Test
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BWSel Default is set to be 8 in Nevis GUI somehow
(since the original FVTX version)

• FPHXs were operated by the Nevis-GUI.



FPHX Parameters 
Name Description Default 2019 Beam 

Test (FVTX)
2021 Beam 

Test
Vref 1 1 1
DAC0 8 8 15
DAC1 16 16 30
DAC2 32 32 60
DAC3 48 48 90
DAC4 80 80 120
DAC5 112 112 150
DAC6 144 144 180
DAC7 176 176 210
N1Sel 6 6 6
N2Sel 4 4 4
FB1Sel 4 4 4
LeakSel 0 0 0
P3Sel 0 0 0
P2Sel 4 4 4
GSel Gain Select 2 2 2
BWSel Bandwidth Select 4 4 8
P1Sel 5 5 5
InjSel 0 0 0
LVDS Current [mA] 1 3 2 5Nevis GUI defaults

(Even from 2013)

FVTX Default
(2019 Beam Test)



FPHX Gain Parameters

• GSel<2:0> Def=010

• BWSel<4:0> Def=00100
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FPHX manual

𝐶()*+, = 𝐶-. + 𝐶+//

Total Capacitance

𝐶-.[𝑓𝐹] = 25 + 8.6 - 𝐺𝑆𝑒𝑙 0 + 25 - 𝐺𝑆𝑒𝑙 1 +50 - 𝐺𝑆𝑒𝑙 2

𝐶+//[𝑓𝐹] = 10 + 6 - 𝐵𝑊𝑆𝑒𝑙

?



Simplified conceptual diagram of one channel
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Figure 1. New feedback and input leakage
current compensation circuit

Discriminator
output

Digital
Outputs
(ADC)

Shaper Rfb >> Integrator Rfb
so that the shaper output pulse
fall time is determined
by the integrator only

Input

Figure 6.

FPHX Integrator Schematic
• A new type of continuous reset and leakage 

compensation circuit has been designed for 
the integrator.  In Figure 6, a programmable 
current labeled Ifb sets the effective reset 
resistance.  Mfb acts exactly like a resistor of 
value 1/gm for small signals, where gm 
depends directly on Ifb since Mfb is in weak 
inversion.  This programmed resistance, in 
conjunction with the feedback capacitor, sets 
the RC fall time (return to baseline) of the 
shaped signal.  For large signals, when the 
output swings more than a hundred mV or so, 
Mfb no longer looks like a resistor, but a 
constant current source.  The return to 
baseline then becomes linear until the output 
approaches the reset level, at which point it 
becomes an exponential RC decay again. 

7FPHX manual

integrator

Feedback capacitor Cfb



FPHX Integrator Schematic
• The integrator is shown in detail in Figure 7.  The input 

transistor feeds a regulated cascode (to keep the open 
loop gain high), and is biased by a cascode current source.  
Additional input transistor bias current is programmed 
through switched current sources.  The integrator 
bandwidth is adjustable via switched capacitors on the 
amplifier dominant node.  The transfer gain is set with 
programmable feedback capacitors.  A source follower 
drives the integrator output.
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Ileak

Ifb +
Ileak

Ifb

Programmable input
transistor bias current
(P1Sel<2:0>)

Reg. cascode
current source

Regulated
cascode

Charge
injection Input

transistor

Source
follower

Programmable BW
(BWSel<4:0>)

Programmable
feedback cap
(GSel<2:0>)

Source
follower
current
(N1Sel<2:0)

Feedback
“resistor” (1/gm)

ESD
protection

Set max input leakage
compensation (LeakSel<3:0>)

Set feedback R
(Fb1Sel<3:0>)

Integrator schematic

Input (accepts
positive current
pulses only)

Output
(neg. pulse)

Reset/Leakage Compensation circuit

Inject enable buffer
Figure 7.

Big R 
(many Megohm)

Filter C

𝐶-.

𝐶+// ?

𝐶+//

𝐶-.

𝐶-.

FPHX manual



Qin = 2000e
Cin = 2pF (total)
GSel = 010
Fb1Sel = 0100
N2Sel = 0100

BWSel = 00000

BWSel = 00100 (best setting with GSel = 01 and Cin = 2pF [fast with no ringing])

Integrator output

Shaper output

BWSel = 11111

Effect of BWSel parameter on integrator response

Figure 17.

Effect of BWSel Parameter
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FPHX Gain Calculation
• GSel<2:0> Def=010

• BWSel<4:0> Def=00100
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𝐶+//[𝑓𝐹] = 10 + 6 - 𝐵𝑊𝑆𝑒𝑙

𝐶-.[𝑓𝐹] = 25 + 8.6 - 𝐺𝑆𝑒𝑙 0 + 25 - 𝐺𝑆𝑒𝑙 1 +50 - 𝐺𝑆𝑒𝑙 2

FPHX manual

𝐶()*+, = 𝐶-. + 𝐶+//

Total Capacitance

Beam Test 2019 2021
GSel 2 <010> 2 <010>
BWSel 4 <00100> 8 <01000>
Cfb[fF] 25+25=50 25+25=50
Cadd [fF] 10+6•4=34 10+6•8=58
Ctotal [fF] 84 108
Vout [a.u.] 1 0.78
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Observation

𝐶-.

𝐶+//

𝐶-.

𝐶()*+,
Assuming following circuit is correct

Still not sufficient



Global Start
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BWSel

Initialization Sequence

Are the parameters automatically 
loaded to FPHX at the beginning 
of run?

Sending parameters routine?



To be confirmed
• FPHX operation conditions for 2019 and 2021 beam tests.

• Does default parameters in Nevis-GUI really loaded to FPHX 
automatically in the initialization routine of the global start?

• Integrator circuit. If                       is correct.
• Actual measurement and comparison of MIP position 

BWSel=4 vs BWSel=8 is mandatory to observe the actual 
response.
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𝐶()*+, = 𝐶-. + 𝐶+//



Programming Strategy
• First determine GSel based on the desired approximate transfer gain (approx. 50 – 200 mV/fC).
• Then depending on the value of the input capacitance (Cin), program BWSel to achieve fast integrator response without ringing.
• For Cin = 2 pF (1.5 pF detector + 0.5 pF parasitic):

– If GSel = 000, set BWSel = 00000
– If GSel = 010, set BWSel = 00100
– If GSel = 100, set BWSel = 01000
– If GSel = 110, set BWSel = 01100

• For Cin = 1.5 pF (1 pF detector + 0.5 pF parasitic):
– If GSel = 000, set BWSel = 00001
– If GSel = 010, set BWSel = 00110
– If GSel = 100, set BWSel = 01010
– If GSel = 110, set BWSel = 01110

• For Cin = 1 pF (0.5 pF detector + 0.5 pF parasitic):
– If GSel = 000, set BWSel = 00010
– If GSel = 010, set BWSel = 01000
– If GSel = 100, set BWSel = 01110
– If GSel = 110, set BWSel = 10101

• Program Fb1Sel based on the desired fall time constant
• Then program N2Sel to achieve the desired rise time/peaking time (rise and fall times will have some effect on the transfer gain)
• Program Vref to the lowest value possible that allows linear response (nominally 00)
• Based on the transfer gain, set the desired comparator thresholds 

From FPHX Operation Manual
13

Nevis Dec Bin
GSel 2 010
BWSel 8 1000

Physics Dec Bin
GSel 2 010
BWSel 4 1000

Relevant setting for INTT 



FVTX NIM
for fast trigger capability, a trigger-less data push architecture, and
low power consumption. The chip was fabricated by the Taiwan
Semiconductor Manufacturing Company (TSMC) with 0.25 μm
CMOS technology. The analog section consists of an integrator/
shaper stage followed by a 3-bit ADC. A single FPHX chip mounted
onto the HDI is shown in Fig. 5. In this example, the wire bonding
to the control lines on the HDI is complete, but no bonding
between the sensor and the chip has been performed.

Many of the setup parameters of the front end are programmable
via an LVDS serial slow control line. Adjustable parameters include
gain, threshold, rise and fall time, input transistor bias current, channel
mask, plus several additional fine tuning parameters. Nominal setup
parameter values include integrator/shaper gain of 100 mV/fC, 800 mV
dynamic range, 60 ns risetime at the shaper output, and a 2000-
electron threshold at the first comparator. All analog functions were
exercised on a test stand and the measured values were very close to
pre-submission simulations.

The FPHX chip was designed to process up to four hits within
four RHIC beam crossings (or !4"106 ns¼424 ns). Each hit

contains a 7-bit time stamp, a 7-bit channel identifier, and a 3-bit
ADC value. By only accepting hits above a certain (programmable)
ADC threshold, the signal-to-noise ratio can be dynamically opti-
mized for different operating conditions. In addition, the ADC
information from strips in an FVTX hit cluster is used to determine
the center of the track via a weighted average of the charge in each
strip. An ADC with higher resolution would not significantly improve
the detector's tracking resolution, since multiple scattering in detec-
tor material is the dominant contribution to track smearing at the
!20 μm level.

The data words are output over two LVDS serial lines at up to
200 MHz clock rate. The total power consumption of the FPHX is
!390 μW per channel. The noise, when the chip was wire bonded
to a sensor with strips !2–11 mm in length (!1–2.5 pF), was
simulated and measured to be below the design specification of
500 electrons.

3.3. High-density interconnects

The silicon sensor and FPHX read-out chips are assembled
on an HDI which provides the slow control, power, and bias input
lines as well as slow control and data output lines. The HDI stack-
up is shown in Fig. 6 and consists of seven layers of single-sided
(20 μm) and double-sided (50 μm) copper coated polyamide
bonded together with a 25 μm sheet adhesive for a total thickness
of approximately 350 μm. Indicated on the HDI stack-up are two

Table 1
Summary of design parameters.

Silicon sensor thickness (μm) 320
Strip pitch (μm) 75
Nominal operating sensor bias (V) þ70
Strips per column for small, large wedges 640, 1664
Inner radius of silicon (mm) 44.0
Strip columns per half-disk (2 per wedge) 48
Mean z-position of stations (mm) 7201.1, 7261.4,

7321.7, 7382.0
Silicon mean z offsets from station center (mm) 75.845, 79.845

Fig. 3. A completed FVTX small wedge, with sensor facing up. Note the center line
dividing the two halves of the sensor and rows of FPHX chips along the
sensor edges.

Fig. 4. Details of the sensor layout. (a) Narrow end corner, (b) wide end corner and (c) wide end center. These areas correspond to the circled regions in Fig. 3.

Fig. 5. A single FPHX chip mounted onto the HDI. Along the top, wire bonds to the
HDI have been completed. Along the bottom, in two rows, are 128 bond pads for
wire bonds to the silicon strips.

C. Aidala et al. / Nuclear Instruments and Methods in Physics Research A 755 (2014) 44–61 47
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sensors arranged in a disk around the beryllium beam pipe. The
basic unit of construction is a wedge, (Section 4.1) each of which
carries a mini-strip silicon sensor (Section 3.1), read-out chips
(Section 3.2), and a high-density interconnect (HDI, Section 3.3).
Wedges are mounted on half-disks (Section 4.2), and fitted with
extension cables (Section 3.4). For simplicity, the half-disks are
referred to as disks. Disks are mounted into cages (Section 4.3), and
the extension cables are connected to ROC boards (Section 3.5), the
Read-Out Cards that are the first stage in the data path. Finally the
cageþROC assembly is installed in the carbon-composite frame
which also contains the VTX components.

Fig. 2 shows a model of two quadrants of the detector, with one
FVTX quadrant displaced in z for clarity. The wedges, mounted on
the disks, are shown installed into their cages. The VTX and its
associated electronics are shown in the middle, mounted in the
support frame. As can be seen in the figure, each cage has one
small and three large disks. The smaller disks are simply truncated
versions of the larger disks. A summary of the FVTX design
parameters is given in Table 1.

3. Electronics

This section describes the electrical components and support
systems used to read out and power the FVTX. The silicon mini-
strip sensors and the FPHX read-out chips are described in
Sections 3.1 and 3.2, respectively. The HDI that provides power,
bias voltage, and slow control signals to the sensor is discussed in
Section 3.3, and the extension cables which handle signals
between the wedges and the Read-Out Cards are described in
Section 3.4. The Read-Out Cards and Front End Modules which
process signals from the detector are discussed in Section 3.5,
followed by a description of the high- and low-voltage delivery
systems in Section 3.6.

3.1. Sensors

The silicon mini-strip sensors were designed at Los Alamos and
fabricated by Hamamatsu Photonics KK. The wedge-shaped geo-
metry comprises two individual columns of strips that are mirror
images about the center line on the same sensor. The wire bond
connections between the strips and read-out chips are located
along the outer edges of the sensor (see Fig. 3). The centerline gap
between columns is 100 μm and is completely active.

The strip length increases with radius on the sensor, and goes
from 3.4 mm at the inner radius to 11.5 mm at the outer radius,
with a pitch of 75 μm in the radial direction. Each sensor covers
7.51 in ϕ, and since the strips are perpendicular to the radius, they
make an angle of 86.251 with respect to the centerline, as can be
seen in Fig. 4.

The sensors were fabricated with p-implants on a 320 μm thick
n-type substrate. The strips are AC-coupled and biased through
individual 1.5 MΩ polysilicon resistors to a typical operating voltage
of þ70 V. The metallization on the strips is wider than the implant to
provide field plate protection against micro-discharges, a concern that
becomes greater with radiation-induced increases in the leakage
current. The strips are also protected by two p-implant guard rings
and an nþ surround between the guard rings and the sensor edge.
There are two sets of bond pads for each strip, one of which is
dedicated to probe tests. Each strip also has a spy pad, which is an
opening through the capacitor oxide layer, that allows the DC
characteristics of the strip to be probed. Fig. 4 shows details of the
sensor layout, including guard rings, bond pad locations, and mechan-
ical fiducial marks.

3.2. FPHX chip

A custom 128-channel front-end ASIC, the FPHX, was designed
by Fermilab for the FVTX detector [10,11]. The chip was optimized

Fig. 2. A drawing of the combined VTX/FVTX assembly. One FVTX quadrant is displaced for clarity.

C. Aidala et al. / Nuclear Instruments and Methods in Physics Research A 755 (2014) 44–6146

INTT Type-A ~ 2.5pF (78um, 12mm)
Type-B ~ 3pF or so? 


