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NCC Electronics
Readout of pad structured sensors
● High dynamic range: 14 bit range, 10 bit accuracy
● Summing signals from 6 detectors on one preamp
● NCC should provide trigger to PHENIX
● Long distance (10m) to digitizing electronics

Readout of  stripixel sensors
● AC decoupling
● Large data volume
● Remote configuration
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Sensors 6144
channels

Channel count in single NCC unit

No. of sensors total
72K silicon pads 12K 256+128 448+224

86K 4096 7168

Readout 
Channels

Smal 
Brick

Large 
Brick

86K silicon stripixels
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Max shower energy = 50 GeV, sampling ratio in EM = 2%
Sampled energy in EM tower = 1 GeV.
Max signal in EM section = 500 MeV
Most probable dE/dX of MIP in silicon = 2.72 MeV/cm
Min signal (MIP energy loss in 0.5 mm of Si) = 136 KeV
Max/Min = 3682

Dynamic Range and Noise

We have to be able in a single event 
1) to measure the max energy
2) to detect MIP particle (for matching with muon 
spectrometer) 
The MIP is also useful for calibration.

To resolve the MIP we require that MIP = 4 ADC counts. 
The required dynamic range = 14000



A. Sukhanov, BNL 4

Dynamic Range continued

To consider
1) switchable gain (CMS preshower). 

Good only for calibrations from MIPs
2) double ADC (many implementations). Too expensive
3) Floating-Point ADC, QIE (LHC HCAL). Promising.
4) Dynamic range compression

a) Bilinear – unstable
b) Logarithmic. Interesting chips recently developed and 

widely used for cell phones

Energy per eh pair = 3.6 eV
Number of eh pairs from MIP in 0.5 mm of Si = 37,700
ENC noise of the IO82x (S.Rescia) = 10,000e

Proposal (backup)
12-bit 65 MHz similar to HBD, more dense package (64 
channels per 6u VME board).
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Preamp IO82x
Line terminating preamplifier, 
developed by S.Rescia (ID BNL) 
for ATLAS LAr calorimeter.
●Transimpedance 1kΩ
●Input cold resistance 8Ω
●Rms ENI at 400pF, 50ns = 50 nA
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Preamp & Cables

2mm HardMetric
Signal cable

S- S+ G S+ S-

Signal arrangement

1 channel
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NCC FEM Block Diagram
(similar to the Hadron 

Blind Detector (HBD) FEM)

Differential

Receiver

8 channel Serial 

12bits ADC

AlTERA
Stratix II

1020 pin FPGA

8 channel Serial 

12bits ADC

Differential

Receiver

Differential

Receiver
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64 channels FE
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Detector signals Data 
Collection 
Modules
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FEM Crate DiagramInter-

face

Clock
data

NCC FEM Block Diagram (C.Chi)
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RMS

16MV test pulse 
from HBD preamp

Sample number 

A
D

C

The HBD FEM works out the following difficult issues :

a) receive high speed 65MHz 12bits serialized data from 
ADC

b) power sequencing and distributions issues (7 
regulators)

c) clock distribution tree and clock jitter issue

d) mechanical issues associate with 2MM HM 
connectors 

Difference between HBD FEM and NCC FEM:

a) NCC FEM has 64 channel and HBD FEM has 48 channel
We will use all the 8 SERDES inside the FPGA

b) HBD FEM only use half of ADC range.
ADC input range is from +1v to –1V center around 1.5Vcm
signal need to swing both way around Vcm.
To have full 12 bits, We need use the whole range

c) Cloud use slower sampling frequency ADC 50 or 40 MHz 12 bits ADC

ADC

Differential
receiver

S
ignal Flow

ADC baseline noise without preamp is .4 counts

Test Result From HBD FEM (C.Chi)
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Stripixel Readout Electronics

●Based on SVX4 chips
●Stripixel Readout Card (SRC):

✔ Chain of four SVX4
✔ RC decoupling networks
✔ Monitoring of T and leakage current

●Carrier board hosts 4-7 SRCs
●FEM is inside the brick electronic 
enclosure
●Fiber link from the FEM goes directly to 
PHENIX DCM
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Stripixel FEM
To 
DCM

From
GTM

To 
Power 
and 
control

The block diagram of the FEM, the grey blocks – parts of 
the FPGA.
Remote FPGA configuration: first version from Power and 
Control Module (PCM), final version from GTM link.
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Data Size and Transfer Time from Stripixels in single Brick
Input data size, without pedestal suppression 14448 Bytes
Output data size, without pedestal suppression 7284
Compression factor for unsuppressed data 2.5
Compressed output data, calibration run 2914 Bytes
Hit occupancy 5%
Output data size, pedestal suppressed 829 Bytes
Compression factor for suppressed data 3
Output data size, suppressed & compressed 276 Bytes
DCM receive clock 37.6 Mhz
Data transfer time, calibration run 77.49 us

7.35 us
Data transfer time pedestal-suppressed and 
compressed

Data Compression

Lossless Huffman compression 
Makes it possible to transfer raw data in less than 80 μs
and transfer pedestal suppressed data in less than 8 μs
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Radiation Tolerance
Estimated Total Ionization Dose (TID) 
over the period of 10 years of running RHICII.
Inside the bricks: 100 kRad, fluence = 3*1012 n*cm-2

Brick electronic enclosure at 53 cm = 50 kRad or 1.5*1012 n*cm-2.

Radiation Tolerance
Readout Units
The leakage current for Si sensor after this irradiation will be of the 

order of 120 μA/sensor. This current poses no problem provided the 
strip is AC decoupled from the SVX4 chip.
The SVX4 chip is radiation hardened and should sustain the 

expected TID
Brick electronics enclosure
The IO82x was tested for TID 100kRad and did not show 

degradation.
The only unacceptable tolerance we may expect is in the configuration memory of the 
SRAM-based FPGA. The obvious solutions to that is to monitor the configuration error and 
reconfigure the FPGA when necessary, the expected rate of such 
reconfigurations is once per store. 
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Summary
●Parallel readout and digitization of pad sensors (12K)
●Multiplexed digitization (128:1) of stripixel sensors (86K)
●Main challenge: digitization of pad sensors with 14-bit 
dynamic range and 10-bit accuracy 

Status and plans
●Prototype of FEE for stripixels is being fabricated at BNL
●Tests with stripixel detectors – May 2006
●Production of the analog part of FEE for pads – End of 2006
●Digital readout scoped for system prototype (C.Chi) – Early 2007
●Prototype of FEE for pad sensors – Summer 2007
●System readout complete – Middle 2007
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Backup Slides. Power

Power consumption

Inside EM brick
SVX4: 0.3W, 24*2 chips per brick = 30 W

Electronic enclosure
IO82X: <0.1W/ch, ~400 ch per brick = 40 W 



A. Sukhanov, BNL

Backup Slides. 3D Space Allocation



A. Sukhanov, BNL 18

– 1) Use full 12 bits range of the current ADC
● There are less cost and technical penalties on the FEM.

– 2) Analog Device will release 1.8V Quad 14 bits 40/50 MHz serial
ADC by the middle of this year

● Similar serial bandwidth as the 12 bits 65MHz system.
● Slightly better effective number of  bits than TI’s octal 12 bits ADC – 12 

bit(?) 
● Need twice more SERDES( de-serializer) than the octal version -> either 

find FPGAs with similar cost but has twice more de-serilaizer, 65nm 
version(?) of FPGA or split the task to two smaller FPGA.

– 3)  Use Logarithmic Amplifier 

NCC FEM Digitizer

AD8310


