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 Both Detectors will participate in the trigger as well as providing precision Level1 
measurements

 Imposes severe demands throughout the project and in particular on the Front End

 Provides charge and time measurements as well as Trigger Primitives for both

 To accomplish this, the ASIC has four independent data paths

Front End for both NSW Technologies

sTGC Micromegas



Design Parameters/Features

 Dual Polarity

 Adjustable Gain (0.5, 1, 3, 4.5, 6, 9, 12, 16.0 mV/fC)

 Adjustable peaking Time (25, 50, 100, 200 ns)

 Peak Amplitude ADC (10-bit)

 Address in Real Time (Fast OR in effect )

 Prompt 64 channel digitized outputs (6-bit Amplitude) that can be used for 
more sophisticated trigger algorithms

 Time Detector (resolution <1 ns, 8-bit fine, 12-bit coarse)

 Discriminators with sub-hysteresis

 Neighbor enable logic (channel to channel and across ICs)

 Sparse readout w/smart token passing,

 Threshold trim, built-in calibration, channel mask, analog monitor, temp. 
sensor, Band Gap Reference, custom  sLVS
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VMM3 Block Diagram (G. de Geronimo, BNL)
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03/08/2016V. Polychronakos – PhaseII Readout, Muon Week
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Output pulse amplitude [V]

• ENC as a function of input 

capacitance

• <1fC even with fast shaping (25 ns) 

and large input capacitance (200 pF) 

Time resolution as a function 

of amplitude ~ ns resolution and 

timewalk 



Early Tests of VM2
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4 Independent Data Paths

 Digital Serial out in DDR and two phase clock for 640 Mbps 
effective bandwidth
 ATLAS mode with adjustable Latency and Level0/1 buffers

 Local, non-ATLAS 4-deep buffer,  “test beam mode”

 Address in Real Time (ART), serial out 320 Mbs

 Direct 64 channel out (6-bit amplitudes, serially out 320 Mbps)

 Serial Analog out (both amplitude and time)
 Can be used with external digitizers, e.g., the SRS Analog card

The VMM is designed for synchronous machines like the LHC, Data driven, 
Continuous read/write, not responding to triggers.

Work around for  test beam or traditional fixed target experiments
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Amplitude and Timinng Measurement

External trigger initiates Readout. VMM3 

will have an option to reset the channel if 

no trigger arrives at the end of timing ramp

Timing ramp stop arm

Timing ramp stop

Multiple Events in buffer

Need to sort by Trigger ID



charge event
analog pulse

peak-found

CKBC
stop armed

ramp stop

BCID latched

timing ramp 60 ns, 8-bits

235 ps least count 

10-bit ADC

conversion

data latch

data latch

· 10-bit ADC starts at peak, 

latches after conversion, resets 

at next rising edge of CKBC 

(after latch)

reset 10-bit

8-bit ADC

reset 8-bit
· 8-bit ADC starts at stop of 

ramp, latches after conversion, 

resets at next rising edge of 

CKBC (after latch)

· timing ramp starts at peak-found 

(VMM2) or threshold crossing 

(VMM3); the next rising edge of 

CKBC arms the stop circuit; the next 

falling edge stops the ramp and 

starts the 8-bit ADC conversion

FIFO write

FIFO ready & advance

conversion

· first ck of CKBC after 

peak-found stops ramp

· first ck of CKBC after 

latches writes FIFO

Test-beam mode

(non-ATLAS)

Operation
To L0/L1 FIFOs

tTh tpeak
tdigitizatiion

Trigger Data Latency

tTh(10 ns) +tpeak(15)+tdigitiation(200)+tGBT (170) ~400 ns

Time available for trigger

(tP+200 ns)

Use external trigger to push Data



Main Problems of the VMM2

Several bugs found and corrected in the new design (VMM3)

Many  improvements were implemented

I will describe the three main problems found in the VMM2 

1. Early saturation limiting the dynamic range by ~20-25%

2. Token logic getting out of sync

3. ADC problem limiting the resolution to probably 7 or so bits



Early Saturation
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Found that many channels saturate earlier than designed (1 V)

Problem traced to weak mixed-signal power supply

Affects channels in the middle of the 64 channel chain because 

power distribution is provided at the ends of the chain.

Fixed in VMM3



Token Logic out of Sync

 Results in many readout problems, multiple data, 
wrong time stamps, etc
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Issuing a “SoftReset” after readout restores state machine



ADC problem
Current Mode “Domino” ADC
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LSB lost due to overshoot
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Some results using the SRS “hybrid”
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The “mini-2” front end card 

(Sorin Martoiu) pin compatible 

with the APV25 hybrids

Measurements by George 

Iakovidis

(Left) Landau distribution before 

and after calibration and 

clustering

(Right) 55Fe Spectrum



Summary, Plans, Availability of VMM2/3

 VMM2 was produced 1.5 years ago, has been undergoing tests 
since then

 Several issues uncovered, studied, corrected in VMM3 design

 Work arounds exist for the main Issues

 Ordered additional engineering wafers, die expected this Friday 
March 11

 Will be packaged by Novapack ~1-2 months

 Samples in modest quantities will be available

 No license issues, anybody can have them

 VMM3 to be submitted this month, die expected 10 weeks later

 Have ordered 25 additional wafers ~6000 chips

 Samples again should be available
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