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ITk Silicon Strip Detector
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3 Overview of ITk Layout
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Figure 3.5: The fluence and dose distributions for the ITk layout (h=4 and extended pixels). Top:
The 1 MeV neutron equivalent flux. Middle: The total ionising dose. Bottom: The charged particle
fluence.
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Figure 3.5: The fluence and dose distributions for the ITk layout (h=4 and extended pixels). Top:
The 1 MeV neutron equivalent flux. Middle: The total ionising dose. Bottom: The charged particle
fluence.
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o 4 barrel layers (z = ± 1.4m)
o 2 end-caps of 6 disks each (z = ± 3m)
o 60M channels over 165m2

o 17888 modules
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Modules

o Sensor
– n+-in-p FZ

o Hybrid
– Low mass PCB hosting the readout 

ASICs: ABCStar & HCCStar

o Power board
– DC-DC converter
– HV multiplexer 
– AMAC (autonomous monitor and 

control) chip for monitoring and 
interrupt
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5.2 Design of the Strip Modules

Figure 5.3: Exploded view of a short-strip barrel module with all relevant components. Long-strip
modules and end-cap modules feature the same component groups.

5.2 Design of the Strip Modules2208

The basic unit of the ITk Strip Detector is the silicon-strip module. A module consists of2209

one sensor and one or two low-mass PCB’s, called hybrids, hosting the read-out ASICs2210

(ABCStar and HCCStar). Due to the large number of modules required for the ITk Strip2211

Detector, the modules have been designed with mass production and low cost in mind.2212

The design is equally focused on material reduction with the elimination of a substrate2213

between the hybrid and the sensor. This takes advantage of the heat path through the large2214

cross-sectional area to the underlying mechanical support with an embedded cooling. An2215

exploded view of a short-strip module as an example is shown in Figure 5.3.2216

The ITk Strip modules are constructed by directly gluing kapton flex hybrids to silicon2217

sensors with electronics-grade epoxy. Various different strip lengths and geometries are2218

foreseen, depending on the planned location of the module within the detector. For the2219

barrel, two strip lengths are used: long strips are suitable in the lower occupancy region at2220

larger radii (layers L2 and L3), whereas further subdivision with shorter strips is required2221

at lower radii (layers L0 and L1). Therefore two different module types are required for2222

the barrel section: the so-called short-strip and long-strip barrel modules where "short" and2223

"long" refers to the strip length.2224

The short-strip barrel modules contain two hybrids, each with ten ABCStar read-out ASICs2225

91

Drawing of a barrel short strip module
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Overall electronics architecture

o Bus tape servicing a group of modules 
– Copper/kapton tape co-cured onto the local support structure
– Routing TTC, data, power and DCS between modules and EOS card

o End Of Substructure card
– Electrical interface between on- and off-detector (data and power)

5Laura Gonella - 21/02/2017
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Readout ASICs

o ABC: ATLAS binary chip 
– Strips readout ASIC 
– Converts incoming signal from the sensor to binary hit information
– Production chip: ABCStar
– Prototype: ABC130

o HCC: Hybrid Controller Chip
– Interface between ABCStar chips and off-detector
– Production chip: HCCStar
– Prototype: HCC130

o Technology: GF (ex IBM) 130nm CMOS8RF technology

7Laura Gonella - 21/02/2017



Star architecture

o L0/L1 rate = 500kHz/200kHz à 1MHz/400kHz

o Daisy-chain readout architecture as 
implemented in the prototype chips cannot 
support new trigger requirements

o Serial transfer of data between ABCs to HCC 
à direct communication from all ABCs to the 
HCC = star architecture

o Changes required in the design of both ASICs 
wrt. prototypes
– For the HCC almost a complete redesign is 

needed
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5 ITk Silicon Strip Detector Outline
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Figure 5.6: Sketch of the original daisy chain signal routing in comparison to the new star design for
the ITk Strip Detector.

of radiation hard DC-DC converters. Similarly for high voltage distribution an upgraded2309

and more efficient HV biasing of the sensors is needed.2310

For instance, if existing ATLAS HV cables are re-used, groups of four sensors or more will2311

need to be connected in parallel and this would lead to the loss of the other modules on the2312

same bias line, should one sensor fail to high current. In order to avoid such potential losses,2313

the approach for the ITk Strip Detector consists of having groups of modules on one side of2314

the stave or petal powered by a single HV bias line. Each sensor can in turn be disconnected2315

from the bias line with HV multiplexer switch (MUX) [50] which is controlled through the2316

detector control system (DCS). Details on the powering of the ITk Strip Detector are given2317

in Chapter 17.2318
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Star 
architecture

Daisy-chain
architecture
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Multi-trigger data flow

o L0
– Synchronous to bunch crossing
– Select data for readout
– Global readout in single trigger 

mode

9

Trigger options:
Original trigger scheme: 

1 MHz L0 10% R3 400kHz L1
Single Trigger Scheme: 

1MHz L0
Low Latency L0 Scheme: 

2-4 MHz L0 <10% R3 600-800kHz L1
(with constraint that 10% ROIs + L1s < 1 MHz readout of 

everything)

o R3 (regional readout request)
– Asynchronous readout request with priority (PR) and low latency
– Distributed to part of the detector to get tracking data participating 

to the L1 trigger

o L1
– Asynchronous readout request with low priority (LP)
– Readout of the complete detector
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LCB protocol

o L0 signal, commands and BCR (bunch counter reset) signal 
are encoded in one data stream, the LCB

o The LCB data stream is 6b/8b encoded and sent at 160MBit/s

o A pair of 8b symbols is a frame and lasts 4BC (bunch 
crossings), i.e. 100ns

o Allows triggering on multiple successive beam crossing and a 
tagged triggered readout

10Laura Gonella - 21/02/2017



LCB protocol: L0/BCR frame

o BCR (1bit)
– 1 means that there is a BCR in last of the 4 BC always

o L0 signal for up to 4 consecutive BC (4 bits)
– One of the four bits = 1 à L0 in the corresponding BC

o L0tag of the first L0 (7 bits)
– L0 identifier to associate events to the correct trigger
– Subsequent L0 have incrementing tags

11

BCR L0 L0tag
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L0tag

o Current scheme for silicon detectors
– Data from modules are sent with two identifiers: L0ID and BCID
– These are used by the off-detector DAQ to assign data to the 

correct trigger
– For this mechanism to work, the on-chip and DAQ ID counters must 

be in synch
– On-detector counters are susceptible to radiation induced errors 

and buffer overflow 
– A loss of synch results in a loss of data for successive events 

until synch is recovered by resetting the counter
o L0tag scheme

– The L0ID is generated by the DAQ and attached as a tag to the L0
– Modules receive the L0ID and send back data with this identifier
– Errors affect only one frame (i.e. 4 triggers)
– No need for synchronized counters

12Laura Gonella - 21/02/2017



HCC star
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ABCStar: analogue FE

o 256 channels with amplifier, shaper, and discriminator
o Modified with respect to the ABC130 FE to improve noise operation 

with n+-in-p sensors before and after irradiation 
– Amplifier feedback changed from active to resistive 
– Transistors critical for noise have enclosed layout geometry
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ABCStar: digital functionality 

o The outputs of the discriminator are sampled at 40MHz and stored in 
the L0_buffer for a fixed (programmable) latency

o @L0 data with the correct latency are transferred to the Event Buffer, 
with L0ID = L0tag received with the L0

o @PR/LP data with the correct L0ID are transferred to Cluster Finder
o The readout block transmits data serially at 160MBit/s to the HCCstar
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Digital current increase

o Irradiation campaigns
– X-rays, Co60 source, 23MeV protons
– Dose rate = 2.35Mrad/h to 0.6krad/h
– T = +20C to -10C

o Increase of digital current observed for 
TID up to 1-2Mrad. Recover towards pre-
rad values at higher TID
– Dependent on dose rate and T

o When the irradiation stops, the current 
decreases towards pre-rad value and 
starts increasing again when the 
irradiation restarts

17
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6 Components of the Silicon Strip Modules

1-2 MRad. As shown in Figure 6.13, the increase depends on the dose rate and temperature2715

during irradiation. This effect is well understood and typical of the used 130 nm techno-2716

logy nodes [63, 64]. The increase of the low voltage current consumption of the front-end2717

chip is tracked back to the generation of a leakage current in NMOS transistors induced by2718

radiation. The radiation induces positive charge that are quickly trapped in the shallow-2719

trench-on-insulator (STI) oxide at the edge of the transistor. Their accumulation builds up2720

an electric field sufficient to open a channel source-drain where the leakage current flows2721

through. While the build-up of positive charge is relatively fast, the formation of interface2722

states is a slower process. The negative charge trapped in interface states start to compete2723

with the oxide-trapped charge with a delay. This is the origin of the so called rebound effect.2724

This effect was also observed in the ATLAS IBL detector, for which operating conditions to2725

effectively mitigate the impact were applied successfully [65].2726

Figure 6.13: Digital current vs. TID for ABC130 chips during X-rays irradiations at different dose
rates and temperatures.

No increase of the analogue current of the ABC130 chip is observed due to the large size of2727

the transistors and the current bias controls.2728

A detailed low dose rate irradiation campaign was conducted at the 60Co source at CERN2729

to mimic the dose rates in the different parts of the detector during operation. A first cam-2730

paign at �25 �C and 2 kRad/h (highest HL-LHC dose rate for ITk strips) gives a factor 2.52731

increase in digital current (see Figure 6.14). More irradiations followed at lower dose rates2732

and different temperature, using updated results of both fluence and TID in the detector.2733

Table 6.4 summarises the results of this campaign.2734

The results give a current increase factor between 1.3 (T=�10 �C, low dose rate) and 2.52735

(T=�25 �C, high dose rate) at the peak. The local dose rate and temperature will depend on2736

each component’s location in the strips detector and the operating conditions. In Figure 6.152737
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NMOS leakage current increase with TID

Charge trapped in the STI oxide
o +Q charge à lateral parasitic transistors 

activate à Ileak increase
o Fast creation
o Annealing already at Troom

Interface states at STI-Silicon interface
o -Q for NMOS (+Q for PMOS) à

counterbalance +Q à Ileak decrease
o Slow creation
o Annealing starts at 80-100oC 
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Model of current increase

o The current increase factors at 
different temperatures and dose 
rates have been fitted

o The fit functions can be used to 
calculate the maximal current 
increase in different regions of the 
detector à define specifications 
for detector services (cables, 
cooling, mechanics, ...)

o More irradiations are currently 
ongoing at the Co60 source at BNL 
to cover more dose rate and T 
combinations
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6 Components of the Silicon Strip Modules
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Figure 6.15: Current increase factor measured in ABC130s as a function of the dose rate for different
temperatures.

of the 1/f noise to ENC is at the level of 3%. Some reports for 130 nm technologies [66–68]2744

show a substantial increase of the 1/f noise for regular NMOS devices and no change for2745

the enclosed structures. For the ABCStar all critical (for noise) NMOS devices will be in an2746

enclosed geometry.2747

Gain degradation with TID2748

The gain degradation with TID shows a peak followed by a rebound, similar to that ob-2749

served for the current (see Figure 6.17). Depending on dose rate and temperature during2750

irradiation, the gain can decrease by about ⇠10 %, before recovering towards the pre-rad2751

value. For realistic operating conditions the decrease is only around 2 %.2752

Single Event Effect Tests of the ABC1302753

Single Event Effect (SEE) tests of the ABC130 have been performed at CHARM with 24 GeV2754

protons. Beam spills occurred every O(5s), delivered nearly 3 ⇥ 109 protons/cm2 per spill2755

and lasted for 300 ms. Over the course of one week a total dose of 6 MRad was reached. The2756

test included two independent read-out systems. One of the read-out systems included an2757

ABC130 located at the centre of the beam spill. The other read-out system included three2758

neighbouring ABC130 chips on a hybrid read out by an HCC130 with the beam spot centred2759
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6.2 The ASIC Set for the ITk Strip Detector

Figure 6.14: ABC130 digital current vs.TID for protons.

the data points and a fit to the data is shown. Based on the fit functions the maximal current2738

increase for each position in the Strip Detector can be calculated.2739

Table 6.4: Summary of the TID current increase factors for ABC130s using various irradiation facil-
ities.

Source T Current Dose Rate
(�C) Increase (MRad/h)

60Co CERN �25 2.5 0.0023
60Co CERN �10 1.9 0.0023
60Co CERN �10 1.3 0.0006
Birmingham-p �25 9.7 1.25
X-ray CERN �15 3.9 0.062
(extrapolated) �10 3.5 0.062
X-ray CERN �15 13.6 2.25
X-ray CERN +20 5.2 2.25

Noise versus TID2740

A noise increase is also observed after ionising radiation. As shown in Figure 6.16 the noise2741

increases with TID to reach a plateau after 15-20 MRad. No recovery towards the pre-rad2742

value is observed. The most likely reason is 1/f noise. The simulated pre-rad contribution2743

117
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ENC
ABC130

o ENC increases with TID
o Possible reason: 1/f noise
o Reports from 130nm 

technologies show substantial 
increase of 1/f noise for NMOS 
transistors and no change for 
ELT

ABCstar FE prototype
o Noise increase <10% @ 

50.46Mrad
o The use of ELT transistors 

improves noise performance

20

Preliminary Results - Noise 
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SEU tests

o 24GeV protons at CHARM, ABC130 and 3 
ABC130 + HCC130

o Bit flips in data stored in the event buffer à
1×10-13 cm2

o Single physical bit flips in configuration 
registers as indicated by internal SEU flags 
stored on the chip à 9×10-14 cm2

o Logical bit flips in triplicated registers à
2×10-15 cm2

o Based on SEE test on the SCT, these cross 
sections are considered acceptable for ITK 

o In addition, the ABCStar will feature triplicated 
registers auto correction and improvements of 
state machines
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6.2 The ASIC Set for the ITk Strip Detector

Figure 6.18: Single Event Upset cross sections for the ABC130 with 24 GeV protons measured for
Top: data stored in the event buffer Middle: single physical bit flips in configuration registers as
indicated by internal SEU flags stored on the chip. Bottom: logical bit flips in triplicated registers.
These values assume that bit flips are uncorrelated and logical bit flips in triplicated registers are
independent of the rate of particle flux.

121

Laura Gonella - 21/02/2017



Conclusion

o The readout chips for the ITk strip detector are designed to satisfy 
ATLAS trigger and radiation hardness requirements
– Star readout architecture, multi-trigger data flow, LCB protocol & 

L0tag 
– ABCStar analogue FE with resistive feedback and ELTs

o TID tests at different dose rates and temperature 
– Allow to estimate current increase in different part of the detector 

over the experiment life-time
– Confirm low noise operation after irradiation

o Measured SEU cross-sections are acceptable for operation at HL-LHC

22Laura Gonella - 21/02/2017



Backup
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Numbers

24
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5 ITk Silicon Strip Detector Outline

Table 5.1: Number of components for the ITk Strip Detector in barrel (top half) and end-cap (bottom
half). The numbers for the barrel are for the full barrel with 2.8 m length. The numbers for the
end-caps (EC) are given both for one and both end-caps.

Barrel Radius # of # of # of # of # of Area
Layer: [mm] staves modules hybrids of ABCStar channels [m2]

L0 405 28 784 1568 15680 4.01M 7.49
L1 562 40 1120 2240 22400 5.73M 10.7
L2 762 56 1568 1568 15680 4.01M 14.98
L3 1000 72 2016 2016 20160 5.16M 19.26
Total half barrel 196 5488 7392 73920 18.92M 52.43
Total barrel 392 10976 14784 147840 37.85M 104.86

End-cap z-pos. # of # of # of # of # of Area
Disk: [mm] petals modules hybrids of ABCStar channels [m2]

D0 1512 32 576 832 6336 1.62M 5.03
D1 1702 32 576 832 6336 1.62M 5.03
D2 1952 32 576 832 6336 1.62M 5.03
D3 2252 32 576 832 6336 1.62M 5.03
D4 2602 32 576 832 6336 1.62M 5.03
D5 3000 32 576 832 6336 1.62M 5.03
Total one EC 192 3456 4992 43008 11.01M 30.2
Total ECs 384 6912 9984 86016 22.02M 60.4

Total 776 17888 24768 233856 59.87M 165.25

and long-strip modules contain one hybrid with ten ABCStar. Each petal has nine mod-2226

ules on each side organised in six subsegments referred to as rings (R0-R5) (see Figure 5.2);2227

e.g. all R0 sensors of 32 petals in one disk will represent a ring around the beam axis in2228

the Rf plane. The three inner rings (R0-R2) at the lowest radii from the beam axis have2229

one module each with one or two hybrids, while the outer three rings (R3-R5) have two2230

modules butted side-by-side, each with one hybrid spanning over the two neighbouring2231

modules. Covering such a complex geometry over a large area requires six different sensor2232

geometries and thirteen individual hybrids. The details of the modules for the barrel and2233

the end-caps are described in the three following chapters: in Chapter 6 the various active2234

components to form a silicon strip module including the silicon strip sensor and the ASICs2235

are described. The layout of the hybrids and the power boards required for the modules2236

and the production steps to build modules including the planned quality assurance meas-2237

ures are summarised in Chapter 7. The results of electrical characterisations and test beam2238

studies of prototype modules are shown in Chapter 8.2239

As the final prototype chips ABCStar and HCCStar were not available at the prototype2240
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ABC130 TID irradiations: gain

25Laura Gonella - 21/02/2017
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6.2 The ASIC Set for the ITk Strip Detector
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Figure 6.16: Increase of input noise in the ABC130 as a function of TID, for different dose rates and
temperatures.
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Figure 6.17: Gain change in the ABC130 as a function of TID, for different dose rates and temperat-
ures.
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8.4 Results of Electrical Tests and Test Beam

 [pF]inC
0 1 2 3 4 5 6

N
oi

se
 [E

N
C

]

0

200

400

600

800

1000

1200

 on n)+Prototype measurements (p
 on p)+Prototype measurements (n
 on p)+Capacitor measurements (n

Barrel hybrid with ATLAS12 (SS1)
Barrel hybrid with ATLAS12 (LS4)
Single chip card with double mini-sensor
Irradiated barrel hybrid with ATLAS12 (LS3)

Figure 8.5: Measured noise as a function of input capacitance for a range of prototype devices. All
results are taken from threshold scans using an injected charge of 1.5 fC whilst the input capacitance
when sensors are attached is taken from direct measurements of the sensors.

the channels furthest from the chip edge. As expected the gain is independent of the load3790

on the front-end channel. The chip-by-chip gain variation seen here is corroborated by the3791

results taken when the wafers are probed.3792

The average noise per read-out chip is summarised in Figure 8.7. In the left figure the short-3793

strip module is shown. The small differences in Stream 0 and Stream 1 for chips 6 and 7 are3794

due to the presence of the DC-DC converter close to those chips and are within expectations.3795

In the right plot of Figure 8.7 the results of LS4 are shown. Due to the increased capacitive3796

and resistive load to each channel in case of the long strips, the noise is higher. The noise3797

difference on LS4 between Stream 0 and 1 is consistent with expectation.3798

For binary read-out systems, the noise occupancy is a critical parameter. The requirement3799

for the ITk Strip Detector is less than 1 ⇥ 10�3 channel noise occupancy at a threshold res-3800

ulting in detection efficiency greater than 99%. If the noise is well understood with a single-3801

Gaussian spectrum, the noise occupancy is simply related to the single-channel noise. In3802

order to investigate the noise, large statistics noise occupancy runs have been performed3803

on module LS4. The results are shown in Figure 8.8.3804

The noise occupancy as a function of the threshold is fit with an error function; the shape3805

describes the distribution well with a minimal non-Gaussian tail in the noise spectrum.3806

The single-channel noise can also be extracted from a linear fit of the distribution of the3807

Threshold2 as a function of the natural log of the noise occupancy [79]. The spectrum is lin-3808

ear over the range ofThreshold2 that is expected in standard operation. Figure 8.9 summar-3809

ises the three methods for extracting the single-channel equivalent noise charge. All three3810

agree well indicating the noise and channel noise occupancy are within expectations.3811
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6 Components of the Silicon Strip Modules

packet. The rate of packets in an unexpected or unknown format being returned is found2799

to be much smaller than the rate of duplicate or missing packets.2800

The ABCStar is expected to be more robust against single event effects as compared with2801

the ABC130 due to improvements in the state machines and the triplication register auto2802

correction. There was no evidence of a higher SEU cross section with TID.2803

Performance of the Modified Front-End Stage2804

The prototype front-end stage designed for the ABCStar ASIC was submitted in a multi-2805

project wafer run. In the new front-end stage the resistive feedback was modified and a2806

differential booster amplifier added. This was implemented to improve noise performance2807

when operated with n+-in-p sensors. Additionally enclosed transistors were implemented2808

to remove the noise increase due to radiation damages as observed in the ABC130. The2809

prototype consists of 32 channels of the preamplifier-shaper-discriminator chain with an2810

input/output multiplexer for calibration injection and data readout. One channel is imple-2811

mented with analogue outputs. During tests seven channels were connected to input pads2812

for capacitor loading.2813

In Figure 6.19 the noise versus the input capacitance is shown for the previous prototype2814

chips and the new prototype for the ABCStar. These measurements are in agreement with2815

simulations and give confidence that the performance of the ABCStar will be improved2816

compared to the ABC130.2817
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Figure 6.19: Noise measurement as a function of input capacitance for the front-end for the ABCStar
chip and the front-end prototype.
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ABC130:
Difference between positive and negative signal 
response and ENC up to 20% (simulated 5 to 
8% depending on model and accuracy)

ABCStar prototype FE:
Lower noise wrt. ABC130 FE for negative signal. 
Agreement with simulations

Laura Gonella - 21/02/2017
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Performance Difference with Signal Polarity

• Noise performance is worse after sensor polarity swap: effect of signal 
compression.

1-June-16  FEE Workshop ATLAS Silicon Strips Electronics 17

• Effect of compression for negative signals (modulation of feedback 
transistor gm) simulated at the 6% level, in reality (prototype 
measurements) as high as 20%.

• This can be resolved by changing to a resistive feedback for ABCStar.

POSITIVE

NEGATIVE (faster, lower in amplitude, more noisy)



Changes to the ABCStar FE

o Feedback change to improve gain and noise (+20% impact on 
power)

o ELT layout to reduce excess noise after radiation 
o Channel-to-channel mismatch improvements 
o Optimization for the measured detector parameters after full 

radiations 

28Laura Gonella - 21/02/2017



ABCStar FE prototype

o 32 channel of preamp/shaper/discriminator 
o Input/output multiplexer for calibration injection and data readout
o One channel with analog outputs
o 7 channels connected to input pads for capacitor loading
o Submitted in May 2016
o Received in September 2016

Laura Gonella - 21/02/2017 29



SEU tests

o CHARM 24 GeV protons. 
o Beam spills every O(5s) for 300ms, 3×109 protons/cm2 per spill 
o Total dose of 6 MRad reached in one week
o Two independent read-out systems

– One ABC130 located at the center of the beam spill
– Three neighboring ABC130 chips on a hybrid read out by an 

HCC130 with the beam spot centered on the middle of the three 
ABC130s. 

o The beam spot FWHM = 10 cm (parallel to the hybrid), 5cm 
(perpendicular to the hybrid)

Laura Gonella - 21/02/2017 30



SEU tests

o The chip was prepared in a configured state with known register values 
and known hit patterns loaded into the event buffer before the spill. 

o During each spill no commands were sent to the chip. After each spill 
the chip registers and event buffer were read out then reset. 

o The values read from the registers and event buffer were compared 
with the expected values and analyzed for Single Event Upsets (SEUs) 
and functional interruptions. 

Laura Gonella - 21/02/2017 31



More on SEU results

o Misconfigurations of the chips are expected to be kept well under 
control with occasional reconfigurations as is done in the SCT. 

o The rate of noise in the form of extra or missing hits introduced in the 
data pipeline due to SEUs has been calculated as one bit flip per 7.6 
million data packets transmitted. 

o The rate of misidentifying the event to which a data packet corresponds 
due to SEUs has been calculated as approximately one 
misidentification per 109 packets transmitted. 

o It is calculated that each ABC130 will send back a corrupted event no 
more than once for every 2×109 readout requests. Here a corrupted 
event is an event with at least one missing or duplicated packet. The 
rate of packets in an unexpected or unknown format being returned is 
found to be much smaller than the rate of duplicate or missing packets. 

32Laura Gonella - 21/02/2017



HCC irradiation

33Laura Gonella - 21/02/2017

N
o

t
r
e
v

i
e
w

e
d

,
f
o

r
i
n

t
e
r
n

a
l

c
i
r
c
u

l
a
t
i
o

n
o

n
l
y

6 Components of the Silicon Strip Modules

the most significant bit of the address being one, is used to store the data retrieved form an2921

LP request. Data from a register read command are stored in a small (4 deep) standard cell2922

FIFO.2923

6.2.6 Irradiation Test of the HCC1302924

The HCC130 has been irradiated with X-rays and protons at similar dose rates and tem-2925

peratures as the ABC130. Figure 6.21 shows the current increase factor as function of TID.2926

With respect to the ABC130 the current increase is significantly lower. The HCC130 in fact2927

contains less digital functionality, in particular fewer memory blocks. A higher current in-2928

crease is expected for the next version of the chip, HCCStar, as the star architecture will2929

imply significant changes to the chip, in particular added memory (see Section 6.2.5). This2930

will have to be quantified with dedicated irradiations of the HCCStar.2931

Figure 6.21: Current increase factor for an HCC130 as a function of TID during X-ray irradiation of
an HCC130.

6.2.7 Autonomous Monitor and Control Chip AMAC2932

The Autonomous Monitor and Control Chip provides both monitoring and interrupt func-2933

tionality. It will be programmed and read-out through the lpGBTx peripheral interface,2934

planned to be a standard I2C interface. A possible noise and offset mitigation will be dis-2935

cussed with the lpGBTx group that will provide for a two line uni-directional differential2936

"LVDS like" interface using most of the I2C protocol. The physical location of AMAC is on2937

the power board which is located between the two hybrid strips on a sensor of a barrel strip2938
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