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Fig 3.  A schematic view of  
configuration of the GEM Tracker.	

Signal of GEM Tracker
-  Ionized electrons generated in the drift gap are amplified by 

triple GEM foils (effective gain ~ 104) and collected by 2D 
strip readout as shown in Fig. 3. 

-  Drift of the amplified electrons in the induction gap 
generates a signal at the back side of the last GEM foil 
which can be used as a trigger signal (GEM Trigger signal).

GEM trigger
-  The GEM trigger signal (cathode) and a signal from strips 

(anode) can be read out independently.
-  Different readout electronics for the anode signals and 

the triggers can be realized relatively easily.
-  The trigger of GEM Tracker is required to roughly detect 

hit positions in the y-axis (vertical) direction to select 
tracks from targets at the trigger level. Thus, we can 
reduce accidental coincidence events more effectively 
than using only HBD × LG trigger. 

Requirements for readout electronics
-  Cope with large detector capacitance of 2 nF originating 

from GEM.
-  Cope with high rate counting expected to be 1-2 MHz in a 

forward region of the spectrometer.
-  ENC < 20000

parameter! value!
input range! 10 fC - 1 pC!
shaper time constant! 25 nsec!
analog pulse width! 200 nsec!
conversion gain! 3.2 mV/fC!
ENC! 20000 (Cd =  2 nF)!
number of channels! 6 /chip!

Table 1.  Specification of the GEM 
trigger ASD ASIC	

Fig 8.  Analog pulse shape for 10 fC 
test charge input.	

Fig 9.  A comparator output signal 
(DOUT) and an analog monitor 
output signal (AOUT).   	

 Analog properties and digital controls (slow control) were 
tested. The basic functions of the ASIC with both analog and 
digital parts were confirmed. 
 Figure 8 shows a noise level (ENC ~ 20000) and an analog 
pulse shape for test input of 10 fC which corresponds to an 
expected minimum input charge. The signal-to-noise ratio is 
about 3. The digital part was operated by the slow control. 
Figure 9 shows that the comparator part (DOUT) successfully 
worked by the operation. We also confirmed that the anode 
signals from GTR can be extracted using a preamp board with 
the ASICs as shown in Fig. 7.	

u  The ASD ASIC for GEM trigger was developed.
u  Its analog performance satisfied the requirement and its 

digital function successfully worked.
u  Firmware of the FPGA processing signals from the ASICs 

has been developed and test of the TRG-MRG board is 
on going.

Specification of the ASIC is summarized in Table. 1. The 
ASIC has a digital section containing a 8-bit register for 
control of a comparator on-off, a polarity of the comparator 
and adjustment of each comparator threshold. The channel 
by channel fluctuation of the threshold can be compensated 
by the adjustment using a 4-bit internal DAC.  	

0◦ ∼ ±12◦ both vertically and horizontally to avoid beam halo. Schematic
view of the geometrical acceptances are shown in Fig.11.
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Figure 10: Schematic view of the proposed new spectrometer (plan
view/beam view). Green and red area represents pole piece and coil, re-
spectively.

The list of detectors is shown in Table 1. The spectrometer has a large
magnet and detectors. We will use the same magnet used by E325. The track-
ing device consists of 3 layers of GEM trackers and outside tracker. Particle
momentum is mainly determined by Gas Electron Multiplier(GEM) trackers.
The GEM tracker is originally developed for the COMPASS experiment[21]
for high rate counting and is also used at RCNP[22]. The outside tracker
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1. J-PARC E16 experiment 

We measure e+e- pairs from ρ/ω/φàe+e- decay channels as 
shown in Fig.1. The e+e- event trigger consists of three-fold 
coincidence of GEM Tracker (30 cm, most outside), HBD 
and LG as shown in Fig. 2.	

Fig 1.  A top view of the E16 
spectrometer. It has GEM Trackers 
(GTR), Hadron Blind Detectors and 
Lead Glass  Calorimeters (LG). 	

Fig 4.  A photograph of GEM foil divided by 
24 segments for the trigger.  

GEM foil trigger

フォイル読み出し用ASIC
Fig 5.  A photograph of an ASD IC chip.	

3. ASIC for GEM trigger 

 We developed a new ASD ASIC (MXIC 0.5 μm process, Fig.5) 
with low noise and fast shaping time in order to achieve the 
requirements.	

5. Digital Signal handing for GEM Trigger 
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FIG. 60: Overview of the readout and trigger system.

window of data acquisition. The scaling factor is estimated to be ∼16 for the GTR whose

time window is ∼500 nsec. According to the number of hits per event detected by VTC used

in E325, which was ∼15, the expected number of tracks per triggered event on each GTR

layer is ∼246. HBD (LG) has less hits due to the narrow time window, 150 nsec (200 nsec).

In the present calculation of the data size, it is assumed that each sample point of waveforms

has 2 Bytes and zero suppression algorithm is applied on each FEM. For the trigger rate of

2k events/spill, E16 DAQ needs to process ∼660M Bytes/spill. The experimental area and

the counting room is linked with several 10GbE optical fibers.

The detail of analog frontend circuits, digitizer modules, and trigger modules are described

in following subsections.

7.2. APV chip and preamp for the GEM readout

The FEM for GTR and HBD is based on the Scalable Readout System (SRS) [24], which

is developed by the CERN-RD51 collaboration [16]. We use SRS for the slow control of the

APV25 chips, digitization of analog data from the APV25 chips and transfer of digital data

to a computer [25].

Signals from strips of GTR or pads of HBD are fed into the preamp hybrid card using
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Fig 2.  Overview of trigger system.	

Fig 7.  GTR trigger preamp board.	

Fig 6.  A block diagram of the ASIC chip.	
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FIG. 71: A block diagram of TRG-MRG. TRG-MRG consists of one carrier card with high speed

optical links and two mezzanine cards for the receiver of the frontend output signals.

length of ∼250 bits. Each frame contains up to 8 hits and additional information such as the

data source ID, number of hits and error status flags. The data frame is 64b66b (or 8b10b)

encoded and sent to UT3 every 64 nsec by using Xilinx Aurora 64b66b (or 8b10b) protocol.

The required bit rate is ∼4 Gbps/lane while the 64b66b(8b10b) encoding inserts 3(25)% ad-

ditional bits for the stable data communication. With the above bit rate, each GTX link can

process 125M cps. In order to cope with up to 2M cps per channel, the number of trigger

segments per GTX link is set to be 48-64 channels. In the present design of TRG-MRG, the

link speed including the encoding overhead is set to be 5 Gbps for the communication with

GTX ports of UT3 using 8b10b encoding, and 10 Gbps for the communication with GTH

ports of UT3 using 64b66b encoding. When a hit rate exceeds the maximum transfer rate of

TRG-MRG due to, say, the bad spill structure, some hits are lost and an error bit is set in

the status flags in the data frame.

UT3 is a triple-slot wide 6U VME module with a Xilinx Virtex-6 HXT FPGA and 16 Quad-

SFP (QSFP) modules, i.e. 64 multi-gigabit transceivers. In our experiment, UT3 gathers

L1-trigger primitive signals from 2548 trigger segments and generate a Level-1 trigger using

a coincidence matrix of GTR × HBD × LG. The L1 trigger is broadcast via the FTSW as

a serialized and 8b10b encoded data. FTSW is a double-slot wide 6U VME module, which

serves as a 1:20 fan-out module of the trigger and clock signal. The trigger and clock are

transmitted as AC-coupled LVDS signals using category-7 (CAT7) LAN cables.
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 Digital signal of GEM trigger is handled by a Trigger Merger Board 
(TRG-MRG). Firmware of TRG-MRG has been developed for pre-
processing and serializing the trigger signals from GTR, HBD and 
LG. The binary signals from the ASD ASIC preamp board are 
converted to timing information with better than 10 ns resolution on 
the TRG-MRG board as shown in Fig. 10. The timing information is 
packed in a data frame with fixed length of ~250 bits containing up 
to 8 hits and additional information such as the data source ID, 
number of hits and error flags. The data frame is 64b66b encoded 
and sent to Belle II UT-3 module every 64 ns using Xilinx Aurora 
64b66b protocol. Test of the TRG-MRG is on going.

Fig 10.  A block diagram and 
a photograph of the TRG-
MRG. The TRG-MRG 
consists a carrier card and 
two mezzanine cards. 


