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Irradiation of VFAT3: A 128-channel charge-sensitive front-end chip for the CMS GEM phase-2 upgrade

VFAT3 is a 128-channel charge-sensitive front-

end chip explicitly designed for the CMS

Gaseous Electron Multiplier (GEM) phase-2

upgrades.

1. Introduction 

Aamir Irshad (Université libre de Bruxelles, Belgium), on behalf of CMS Muon group

 TSMC -130 nm technology

 Hardened by design approach

 Triple modular redundancy (TMR) based digital 

implementation

 Independent triplicated voter logic with FFs 

Power monitoring and synchronization loss  

Expected Maximum Hadron (>20 MeV) 

Flux @ CMS GEM stations

GE1/1 GE2/1 ME0

𝟗𝟕 𝒌𝑯𝒛/𝒄𝒎𝟐 𝟑𝟕𝟖 𝒌𝑯𝒛/𝒄𝒎𝟐𝟐𝟎 𝒌𝑯𝒛/𝒄𝒎𝟐

The hadron flux would be maximum at radius ~ 65 cm,

which is 𝟑𝟕𝟖 𝒌𝑯𝒛/𝒄𝒎𝟐 -> for ME0 detector.

This indicates only 1 Mrad TID after 10 HL-

LHC years.

• TID with a 10 keV X-ray beam

• TID tests at 1.84 and 5.5 Mrad/hr

• VFAT3 noise and communication 

links monitoring all along

The VFAT3 Single Event Effect (SEU) test was done at

Louvain-la-Neuve Belgium HIF facility. Chip was

irradiated with seven different ion species and

corresponding bit-flips in configuration registers were

recorded.

4. Summary

The power monitoring shows a

small glitch on all three device

power domains at 35 Mrad of TID.

This value is the point after which

VFAT3 stopped synchronization

with the FPGA.

The FPGA continuously monitored

the VFAT3 data link phase. A

decrease in the phase margin

versus TID is observed. After 35

Mrad VFAT3 did not reply to any fast

commands including

synchronization codes.

The radiation characterization of the VFAT3 is done to evaluate the device suitability for CMS GEM phase-2

upgrade. The maximum total ionization dose for GEMs including high rate region of ME0 is less than 1 Mrad.

A functional issue was observed during TID @ 35 Mrad and also in SEU testing. The corresponding cross-

section of the phenomenon was calculated. This showed a 2.3 hrs of MTBF under worst ME0 conditions.

Due to TMR in place, bit

flips statistics were low,

an indication of

effectiveness of device

robustness against SEUs.

The VFAT3 configuration

registers saturation cross-

section with HI-LET was

𝟖. 𝟗 𝑿 𝟏𝟎−𝟏𝟎𝒄𝒎𝟐/
bit.

Although the saturation

cross-section was low, a

further investigation of

the TMR placement in

the chip design revealed

that the mean distance

between cells BC of the

triplicated registers was

5.6 µm, which could

cause multiple bit flips

due to SEU forcing the

register to change the

state.

The monitoring of front-end

global channel threshold

showed only a 2.2% increase

after 30 Mrad of TID.
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A 4-parameter Weibull fit is used to extract saturation cross-section

and threshold LET from HI-LET beam data.

Here sigma_0 is the saturation cross-section, E_0, and

E_dep are the SEU threshold and deposited energies,

respectively. W and s are the scale and shape

parameters of the distribution. VFAT3 Configuration registers cross-section 

The mean channel noise (enc)

showed an increase of 39% after

30 Mrad of TID.

VFAT3 Synchronization loss cross-section 
The synchronization loss cross-section was

𝟐. 𝟔 𝐗 𝟏𝟎−𝟔 cm2 / device.

The HL-LHC extrapolation was done by using the

simulations method explained in [ 1 ].

The ME0 GEM region showed worst largest

frequency of synchronization loss. Considering full

endcap with 3476 VFAT3s, we get a rate of one

synch loss in the whole system, every 2.3 hrs.

Key design features:

𝟑𝟕𝟖 𝒌𝑯𝒛/𝒄𝒎𝟐

The internal parameter variation was small. Interpolation of results

to 1 Mrad shows that these variations are insignificant for LHC

operation and could be fine tuned with internal DAC adjustments.

[1] . M Huhtinen. “Computational method to estimate Single Event Upset rates in an accelerator environment”. In:NIM-A

𝝈𝟎 ∶ 𝟐. 𝟔 𝑿 𝟏𝟎−𝟔 𝒄𝒎𝟐/VFAT

𝑳𝑬𝑻𝒕𝒉 :: 5.5 MeV / mg / cm2

𝝈𝟎: 𝟖. 𝟗 𝑿 𝟏𝟎−𝟏𝟎 𝒄𝒎𝟐/bit

𝑳𝑬𝑻𝒕𝒉 :: 7.5 MeV / mg / cm2


