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Strip Capacitancefor 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.
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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.
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Strip Thickness 
[µm] Width [µm] Length 

[mm]
Capacitance 

[pF]
Measurement 

(Kai-Yu)
Hamamatsu

DC cap**
FVTX

320 78
2 ~ 11 mm 1 ~ 2.5 

INTT-Type-A 12mm 2.5* ~ 1 [pF] 0.45 [pF]
INTT-Type-B 18mm 3* 0.57 [pF]

FV
TX

 N
IM

*Simple scaling from FVTX

There are discrepancy between the 
actual measurement by Kaiyu, 
Hamamatsu, and expected value by 
simple scaling from FPHX by the 
length of the strip.

**later slide Hamamasuʼs
measurement 



Hamamatsuʼs Measurement
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Hamamatsuʼs vs Kai-Yuʼs Measurement 

HPK検査（DC回路）
bias line - Nsub =Cbtotal

論文の測定（AC回路）
CcやCiが加わる

HPK検査（DC回路）
bias line - Nsub =Cbtotal

論文の測定（AC回路）
CcやCiが加わる

On 2023/05/22 1:52, kaoshima@hq.hpk.co.jp wrote:

理化学研究所 中川様

お世話になっております。
浜松ホトニクス株式会社 ⻘嶋です。

ご連絡ありがとうございます。

論⽂とは対象としている容量が異なると思います。

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.

ですので、ACPADから⾒た際の容量(Load capacitance)になりますので、

のモデル図になるかと思います。
HPKから提供しているデータは、Bias ring-Nsub間の総容量（Vfd算出のた
めの測定データ）ですので、
このうちCbの全strip totalを測定しているものとなります。



The Measurement Result of INTT Sensor Testing
• Because the layout of sensor, each module is divided into four parts in the measurement. The left plot show one

part result of sensor 1133-1159. All capacitance of channels are gaussian distribution, so we can identify the
broken and functional channels from measurement. The left plot obviously show there are two different
distributions. These differences could match to measuring period that be showed in middle plot.

• The capacitance of signal channel showed in left plots is about 0.5pF, so total capacitance is about 1000pF.
Compared with total sensor from HAMAMATSUʼs inspection only has 7% difference. Therefore, this method could
measure the capacitance of single channel.

• To check why capacitances are different in periods, we analyze the relation between environment and
measurement. The right plots shows the variety of capacitance with humidity at same temperature. The result
shows the measurement is not obviously affected by humidity, so maybe this effect come from the status of sensor
or measure system.

Two chips are
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The Measurement Result of INTT Sensor 
Testing
• One set of sensor need use four probe cards

to measure all chips. All sensor data shows in
right four plots. These plots obviously show
there are few different capacitance
distributions. These differences could match
to measuring period.

• The measurement was paused in the middle,
so whole testing could be divided into two
period. The bottom plot shows the values are
different in these two periods.

Two chips are
remeasured in period II
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Strip Capacitance
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Strip Length 
[mm] Pitch [mm] p+ width 

[mm] 
Al Width 

[mm]
Meas. [pF] 

(Kai-Yu)
HPK model 

[pF] FVTX NIM

FVTX 2
75 18 28

N/A 0.32 1
FVTX 11 N/A 1.74 2.5

INTT-Type-A 12
78 10 20

0.5 ~ 1.5 1.57
INTT-Type-B 18 0.4 ~ 1.5 2.35

Thickness:320 [µm]

• Hamamatsuʼs a model calculation is consistent with given dimensions.
• The capacitance value found in FVTX NIM is larger than Hamamatsuʼs calc by 

factor of 2 to 3.
• Kaiyuʼs measurement is smaller than Hamamatsuʼs calc by > 1/3 or so.
• Problem what to be stated in the INTT paper.



Backup



Stripの電気容量
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Strip Thickness 
[µm] Width [µm] Length 

[mm]
Capacitance 

[pF] 実測値 Hamamatsu
DC cap**

FVTX
320 78

2 ~ 11 mm 1 ~ 2.5 
INTT-Type-A 12mm 2.5* ~ 1 [pF] 0.45 [pF]
INTT-Type-B 18mm 3* 0.57 [pF]

*FVTXの⻑さでスケールした予測値
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Type-A 12mm⻑の実測:〜1pFぐらい
FVTX： pitch 75um 

P+ width 18um
AL width 28um

strip length 2mm 0.32pF/strip
11mm 1.74pF/strip

S14629-01： pitch 78um 
P+ width 10um
AL width 20um

strip length 12mm 1.57pF/strip
18mm 2.35pF/strip



• On 2023/05/24 21:03, kaoshima@hq.hpk.co.jp wrote:

• 理化学研究所 中川様

お世話になっております。
浜松ホトニクス株式会社 ⻘嶋です。

ご連絡ありがとうございます。

理由については、よくわからないです。
そのため、こちらの持っている試算モデルで、ジオメトリーからの理論値を出してみました。
論⽂の容量値のほうは少し⼤きく出ている気がします。

FVTX： pitch 75um 
P+ width 18um
AL width 28um

strip length 2mm 0.32pF/strip
11mm 1.74pF/strip

S14629-01： pitch 78um 
P+ width 10um
AL width 20um

strip length 12mm 1.57pF/strip
18mm 2.35pF/strip

よろしくお願いします。
＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊
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