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Front-End side main parameters: 
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I. Introduction 
This document is a brief summary of the main 
specifications of VFAT3 that are apparent to the 
user and relate to the physics performance of the 
GEM system. 
The most basic needs required by the project are 
summarized here: 

! 128 channel chip  
! Read +ve/–ve charge from GEM detectors 
! Provide tracking and trigger information 

o Trigger : Fixed latency, granularity 2-4 
channels 

o Tracking  : Full granularity after 
LV1A 

! LV1A capability:  LV1A latency up to 20us,  
                                                 LV1A rate up to 1MHz 

! Time resolution < 7.5ns (with detector). 
! Integrated calibration and monitoring functions 
! Interface to and from the GBT at 320 Mbps. 
! Radiation resistant up to 100MRads (up to 

1MRad needed for the muon application) 
! Robust against single event effects 

 
The block diagram for VFAT3 is shown in Figure 
1.  

 
Figure 1: VFAT3 block diagram 

VFAT3 is composed of 128 channels of charge 
sensitive preamplifier and shaper. This is followed 
by a constant fraction discriminator per channel. 
Following the discriminator is a synchronization 
unit which synchronises the comparator result with 
the 40MHz clock. The data then splits into two 
paths, one with a fixed latency for trigger signals, 
and the second for tracking data which is non-
synchronous. 

All communication with VFAT3 occurs through 
the E-port. This includes Slow Control commands 
and response as well as fast trigger commands, 
clock and calibration signals. The chip is highly 
programmable to offer maximum flexibility. This 
document aims to highlight the main characteristics. 
 
II. The Analog Front-End 
The analog front-end is optimized for the readout 
of  gaseous (and in particular GEM detectors) but 
could also be used to read out silicon detectors. The 
front-end Preamplifier and Shaper are 
programmable to offer flexibility when connecting 
to detectors of different capacitances and charge 
characteristics. Each channel contains internal 
input protection to offer robustness to charge 
(discharge) spikes.  
The frontend specification is shown in Table 1 
including a list of the programmable options.  
Key Parameter Comment 
Detector charge 
polarity 

Positive & Negative 

Detector Cap. range 9-88 pF 
Peaking Times (Tp) 25, 50, 75, 100, ns 
Programmable gain 1.25 – 50 (mV/fC) 
Max Dynamic range 
[DR] (fC) 

20 (+-10), 50, 100, (200)  

Linearity  <1% of DR 
Power consumption  < 2.5 mW / ch 
Power supply  1.2 V 
Noise ~1100e (Tp=100ns, Cd=30pF) 
Technology TSMC 130nm 
Table 1: Table of main specifications of the analog 
front-end. 

Signal charge from GEM detectors can last for 
approximately 60ns or so depending on the gas 
mixture. The shaping time of the front-end can be 
adjusted to fully integrate this charge and hence 
maximize signal to noise. Optimum timing 
resolution is maintain by the use of a CFD. 
Simulations show that the overall timing resolution 
can be maintained at around 5ns even with shaping 
times of 100ns or more. 
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Rate: VFAT3 has been tested 
up to 1 MHz

chamber/region max rate/pad [kHz] C/2gap[pF] Nch/2gap VFAT/2gap VFAT/region

M2R1 12 689 28 1920 15 180
M2R2 24 130 56 1904 15 360

M3R1 12 463 32 1896 15 180
M3R2 24 111 65 1911 15 360

M4R1 12 187 37 1944 16 192
M4R2 24 51 75 1917 15 360

M5R1 12 183 43 1897 15 180
M5R2 24 37 84 1922 16 384

ASIC (TOTAL) 2196

single channel rate and parasitic looks compatible 
with VFAT input stage 



VTAT3 – Back End

R-WELL Readout based on VFAT3 and lpGBT
G.Felici 4

Back-End side main parameters: 
• Bandwidth
• Number of “Concentrator/DAQ” boards
• Number of links
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The calibration system provides internal charge 
pulses to the input of the of the front-end 
preamplifier. The magnitude, phase and polarity of 
the charge pulses are programmable. The channel 
to which the charge is injected is also 
programmable. This feature helps significantly in 
the production test and charaterisation stage as well 
as the detector setup and commissioning stage. The 
functionality has two modes, one which injects a 
quick charge pulse (similar to a delta pulse) and the 
second which injects charge via a constant current 
for a programmable length of time. 
 
III. Variable Latency Data Path 
The block diagram for the variable latency data 
path is shown in Figure 2. 

 
Figure 2: The VFAT3 Block Diagram with the 
Variable Data Path highlighted . 

This path is used for transmitting full granularity 
information via the e-port. The data is reduced in 
time by the application of a trigger arriving with a 
fixed latency. For operation in LHC for tracking 
data, this trigger is the LV1A. The data transmitted 
therefore has to be accompanied via a timestamp to 
identify the bunch crossing associated with the data. 
The SRAM memories are sized to satisfy the 
LV1A maximum latency and rate specifications. 
 
IV. Data Formats 
For the variable latency path there are two Data 
Types. The first is Lossless which is used to 
transmit full granularity information. The second is 
SPZS (Sequential Partition Zero Suppression) 
which has reduced size but can give losses in high 
occupancy environments.  
 
An important concept for the data packet 
description is the use of Control Characters (CC) as 
headers. All commands are delivered to the chip 
via control characters of 8 bits long. Each one 
unique and representing an individual command 
such as LV1A, ReSync etc. Data packets sent from 
the VFAT3 use CC as headers of the different type 
of data packets.  
 
 
 
 

 
 
 

1. Data Type : Lossless 
The lossless data packet style is derived from the 
VFAT2 data packet but is optimized in terms  of 
content. 
 
A unique CC acts as a header identifying the start 
of the packet. The timestamp is included in the 
form of the EC and BC numbers. The “Hit” data is 
represented by one bit per channel, a logic “0: 
represents “no hit” and a “1” represents a “hit”. If 1 
or more channels are hit then there is no further 
attempt to zero suppress. The final piece of 
information is the CRC to confirm the integrity of 
the data packet.  
 
It is possible to suppress the BC time tag if only the 
EC is required. It is also possible to suppress the 
entire data field if no channels are “hit”. Indeed a 
further possibility is to suppress the entire data 
packet if no “hit” is registered and transmit only a 
control character.  
 
It gives flexibility for the DAQ system to decide if 
it requires all VFAT3s to operate synchronously 
sending data packets regardless of their content or 
to have a data driven operation where data packets 
are sent only when registering “hits”. Since most of 
the chips will record nothing in any given bunch 
crossing the latter option optimizes bandwidth 
enormously. Each chip however, even in the 
minimum setting, will respond to a LVA1 trigger 
by sending at least a Control Character to 
acknowledge receipt of the trigger signal and 
transmit the information “no hits corresponding to 
this trigger”. 
 
2. Data Type: SPZS (Sequential Partition 

Zero Suppression) 
The SPZS style incorporates zero suppression and 
is a variant on the CMS RPC data format. In this 
case the size of the data packet is a function of the 
number of hits in the chip. This enables very small 
data packets and hence the highest possible data 
transmission rate. This is very good for operation at 
high trigger rate. The disadvantage is that for high 
occupancy some losses could be incurred. 
 
The principle is as follows: 
The 128 channels is divided up into 16 partitions. 
Each partition contains 8 channels. 
For each event only the partitions containing data 
will be transmitted. If the overall occupancy is low, 
there will be a bandwidth saving on the payload 
transmitted per event. 
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The maximum number of partitions per data packet 
is limited to a programmable limit. If more than the 
maximum number of partitions are hit then an 
“Overflow”  occurs generating its own CC . Hits 
causing an overflow are lost. 
 
V. The Fixed Latency Trigger Path 
The fixed latency path is highlighted in Figure 3. 
The purpose is to provide fast “hit” information 
which is synchronous with the LHC 40 MHz clock.  
The “hit” information can then be put in 
coincidence with other detectors (such as the 
CSCs) to build CMS muon triggers. 
There are 8 SLVS pairs are used to transmit 64 
bits/bx . 
The format can be programmable to have trigger 
information based on a “Fast OR” of channels or 
using the SPZS format. 64 bits/bx allows : 
Fast Or : Granularity = 2 channels, 
SPZS : Full granularity up to 6 partitions hit. 
 

 
Figure 3: The VFAT3 block diagram with the Fixed 
Latency Trigger Path highlighted in yellow. 

 
 
 
 
 

 
 
VI. Slow Control 
The slow control allows the writing and reading of 
internal registers which in turn provides the 
functions of programmability and monitoring. 
 
VFAT3 uses the E-port for all data communication 
including the slow control. The use of CC in the e-
port allows slow control commands and data to be 
distinct from all other commands and data fields. 
This is achieved by having two slow control CC, 
one for communicating a slow control “0” and the 
other for writing a slow control one “1”. 
 
The slow control protocol adopts the IP-bus 
protocol (standard within CMS upgrades) and 
wraps this within the HDLC protocol. This ensures 
correct chip addressing and error checking of slow 
control packets. Reception and transmission of 
slow control commands/data must take “low” 
priority when compared to real data traffic. It is 
therefore possible to start and stop the slow control 
communication in mid flow and resume when the 
e-port is free. The maximum allowable slow 
control communication rate is 40Mbps. 
 
VII. Summary 
VFAT3 is the front-end ASIC currently under 
design for the readout of GEM detectors within 
CMS. The design specifications are driven by CMS 
needs for operation during phase 2 LHC running 
and in particular the muon triggering needs in the 
high eta region. This document is the briefest of 
descriptions of the main functionality of the chip. 
More detail can be obtained by contacting the main 
author.
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VFAT3	Key	Features	
&	Results
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Full	results	to	be	shown	in	June	ESE	seminar

Measured	Parameter Measured Result

Peaking times	
(programmable)

15ns,			25ns,			36ns,			45ns

Gain/Linear	range	
(programmable)	
Gain	mV/fC				& linear	range
to	10%	amplitude reduction	
in	fC

HG								48	mV/fC							9.5	fC
MG							16																			28	fC
LG											8																				55	fC

ENC HG:	620e	+	33e/pF
MG:	1072e	+	30e/pF

Timing	walk (CFD) < 0.4ns (signal	range	3fC	to	30fC)

Input	capacitance	range 0– 80pF

Internal temperature	
measurement

20	to	110	degrees

Power	consumption
(Vdd =	1.2V)

Sleep	Mode	 :	Analog	=	74mA,	Digital =	50mA
Run	Mode	:	Analog	=	139mA,	Digital	=	67mA

Feature Parameter Notes

No	of	channels 128 129	incl.	test	channel

Signal	charge	polarity + &	- Suitable	for	Silicon	and	gaseous	detectors

Programmable	Gain	&	
Shaping time

yes 3	modes	of	gain
4	modes	of	shaping	time

Comparator Arming	+	CFD CFD	for	reducing	time	walk

Rate	per	channel Up to	2MHz

Trigger	Path	granularity Fast	OR	of 2	
channels	320Mbps

Full	granularity,	DDR	
640Mbps	

8	slvs output

Trigger-less	operation	with		full	granularity	
readout

Data Path	:	LV1A	Latency	
Programmability

25ns to	25.6us SRAM1	depth	=	1024
CMS	spec.=12.5us

Consecutive	 triggers Yes Allows	multiple	time	slot	readout	per	LV1A

Max	LV1A	rate Up to	2MHz CMS	spec	=	0.75MHz

Zero	suppression Yes Many	options	for	ZS	in	the	data	packet
Used	to	increase trigger	rates	>	2MHz

Directly	compatible	with	
GBTx and	LpGBT

Yes Includes	HDLC	addressing	and	adapts	to	
slvs CM	differences

Calibration,	Bias	and	
monitoring

integrated Controlled	via	Slow	Control	(SC), internal	
ADC

Channel	Thresh.	Trim Yes Reduces threshold	spread

Temperature	
measurement

Yes Internal	&	external	temperature	
measurement	read	through	SC

Radiation	tolerance Ionising
SEE

Up	to	10s	of	Mrads,	
Triplication	and	SEL	tolerance	design
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Fig. 1.2: lpGBT architecture

General control and monitoring logic takes care of controlling the different parts of the chip according to the operation
mode selected and the ASIC configuration information. Initial configuration information is taken from the on chip
e-Fuses that can then be modified via the optical link itself or via an I2C slave interface.

Connections to the front-end modules or ASICs are made through sets of local Input/output Electrical Links (eLinks).
Depending on the data rate and transmission media used, eLinks allow connections that can extend up to a few meters.
eLinks use the CERN Low Power Signaling (CLPS), with signal amplitudes that are programmable to suit different
requirements in terms of transmission distances, bit rate and power consumption (see Section 18 for further details).
The eLinks are driven by a series of ePorts on the lpGBT and are associated with eLink ports in the front-end modules.
The number of active eLinks and their data rate are programmable (see Section 7 for further details).

Receiving ePorts (ePortRx) are associated with the uplink and de-serialize the data received from the frontend modules
or ASICs so that it can be scrambled, coded and assembled in the uplink frame before it is transmitted to the counting
room. Each ePortRx has associated a Phase-Aligner (PA) that is used to ensure that the serial data received from the
frontend devices is properly sampled in the middle of the eye-diagram. Conversely, transmitter ePorts (ePortTx) are
associated with the downlink and serialize the parallel data contained in the downlink frame received from the counting
room and transmit it to the front end devices using eLinks. Finally, ePorts also have associated eClocks. These clocks
are programmable in frequency but have fixed phase.

The lpGBT main function is that of a data Transceiver (full duplex, simplex Rx or simplex Tx). However it includes as
well functionality to aid the implementation of experiment control and monitoring systems. These functions include:

• An I2C master dedicated to control and monitor the laser driver;

• Two generic I2C masters;

• A 16-bit Programmable I/O port (PIO);

• A 10-bit ADC with 8 multiplexed inputs (low analogue bandwidth);

• On chip temperature monitoring;

• Programmable current sources to drive external temperature sensors (PT100 or PT1000), up to 8 multiplexed;
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Standard E-Port connection
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1.2.2 Electrical Links (eLinks)

Electrical links (eLinks) interconnect the lpGBT with the front-end electronics (detector modules or ASICs) (see Fig.
1.2). They consist of three differential pairs: two to transmit data from the front-end to the lpGBT (input eLinks) or
from the lpGBT to the front-end (output eLinks) and a differential pair to transmit a clock to the front-end. Notice
that, because of the asymmetric bandwidth of the up and downlinks, the number of input and output eLinks is not the
same. The same is true for the bandwidth of the input/output eLinks. The number of clock eLinks (eClocks) available
is the same as the number of input eLinks. The bandwidth of the eLinks is programmable and, in the case of the input
eLinks, it also depends on the uplink bandwidth (5.12 or 10.24 Gb/s) and on the FEC code selected (FEC5 or FEC12).

Fig. 1.3 summarized the maximum number of output eLinks that can be used depending on the programmed data rate.
While "Fig. 1.4" summarizes the maximum number of input eLinks that can be used. Notice that in this case this
number depends not only on the programmed data rate but as well on the uplink bandwidth and the FEC code being
used. The number of available eClocks is independent of the programmed clock frequency and is 29.

Fig. 1.3: Number of output eLinks versus bandwidth

Fig. 1.4: Number of input eLinks versus bandwidth

1.2.3 ePorts

eLinks are associated with ePorts and ePorts are grouped in (eGroups). Each eGroup, is composed of 4 ePorts. The
number of active ePorts (and consequently eLinks) is conditioned by the restrictions indicated in Fig. 1.3 and Fig. 1.4
plus the specificity of the user’s configuration. Notice that the data rate of each group can be chosen independently and
there is no relationship between the input and output ePort data rates. Many combinations are possible. One example,
among the many possible, would be to operate the uplink at 10.24 Gb/s with FEC5; this means that one could have 7
active groups of input eLinks programmed as follows: 3 at 1.28 Gb/s, 4 at 640 Mb/s and 8 at 320 Mb/s.

1.2.4 ePorts Output/Input Phases

The lpGBT uses as a timing reference either and input clock (at the LHC bunch crossing frequency (fLHC), when
working as a simplex transmitter, or the the downlink data stream, when working as a simplex receiver or transceiver.
In all cases, the clocks generated by the lpGBT will keep a fixed phase relationship with the timing reference. It is
thus crucial, that either the reference clock or the data stream being fed to the lpGBT will have a well define phase
relationship with the LHC bunch crossing clock (CLKLHC ). If this is the case, the lpGBT is guaranteed, after power
on, RST and during operation, to always generate clocks and data outputs with the same phase in relation to the
CLKLHC. That is, output eLinks and eClocks will have a fixed phase in relation to the LHC bunch crossing clock.
The phase of the eClocks and eLink data outputs is fixed and cannot be changed by the user. However, the lpGBT
generates 4 special clock signals (see Section 10) that are phase programmable with a phase resolution of 50 ps. All
clocks are frequency programmable with the frequency set being: 40, 80, 160, 320, 640 and 1280 MHz (please note
that these are approximate numbers, the true frequencies are: fLHC, 2*fLHC, 4*fLHC, 8*fLHC, 16*fLHC and 32*fLHC.

Since the clocks generated by the lpGBT are, as explained above, phase-locked to CLKLHC, and since the signal
phase of the incoming data eLinks (input eLinks) can’t be guarantied at system level (e.g. different routing distances,
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chamber/region Nch/2gap VFAT/2gap lpGBT/2gap VFAT/region lpGBT/region
M2R1 12 1920 15 15 180 180
M2R2 24 1904 15 15 360 360

M3R1 12 1896 15 15 180 180
M3R2 24 1911 15 15 360 360

M4R1 12 1944 16 16 192 192
M4R2 24 1917 15 15 360 360

M5R1 12 1897 15 15 180 180
M5R2 24 1922 16 16 384 384

ASIC (TOTAL) 2196 2196

VFAT3 PD ≂ 320 mW
lpGBT PD ≂ 750 mW (max)

e.g. M1R1 PD≂ 4.8 W + 11,25 W≂ 16,05 W/chamber



VFAT3 Pros and Cons
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• VFAT3 pros:
• High modularity
• Front-End side looks compatible with R1/R2 parasitic (to be verified) 
• Back-End stage : there is a possibility to use VFAT3 trigger output and  lpGBT chip  (to be 

verified)

• VFAT3 cons:
• High PD (a lpGBT must be used for each VFAT3)
• Cost (number of lpGBT and OL)
• Time alignment 

• Modularity ≂ 128 channels
• No time measurement
• Time step ≂ 3.2 ns

SYNC chip: 
§ TDC (single channel): 1.6 ns
§ Time set (single channel): 32 step - 1.6 ns 



Plans: Test the front-end vs input parasitic
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RWELL Detector
INFN-LNF

VFAT3 Hybrid
CMS

IFACE
BOARDS

MOdular System for Acqusition Interface and Control
INFN - BA

CMS colleagues  kindly  provided us someVFAT3 hybrids



Data Throughput Estimation
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1 GBT: 48 bits channel map + 48 bits time info (5 bits x first 8 chs + 8 bits err det)

can assume 2bits/ch for data throughput calculation

2 bits/ch x ∽280 kchs x 40 MHz ∽

HUGE AMOUNT OF DATA

zero suppression ? (now  empty hit map removed) 

track finding ? (hardware routing + redundancy required) 

23 Tb/s (!!!)

GBT & MAP & TIME  & ∽ 280 kchs

GBT & MAP  (NO TIME)  & ∽ 280 kchs ∽ 11,5 Tb/s (!!!)
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A scheme to reduce uncorrelated events in MWPC
N.Bondar – Oleg Maev



BIGAP & SINGLE GAP READOUT 
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PROS:
• larger signal
• arrival time (first gap out of 4)
CONS:
• higher rate 
• larger noise  (!" = !"$% + !"$')
• wider dead time (15 ns ?)
• tracks uncorrelated signals 

àCARIOCA channel connected to a bi-gap ß BIGAP

PROS:
• ∽ rate dropped in half
• reduce  dead time
• reduce input noise
• reduce the number of fake events (see next)
CONS:
• New DIALOG @ 32 chaneles
• New CARIOCA ?!

Production of the front-end boards of the LHCb muon system Ref: LHCb-2007-150
LHCb Public Note Issue: 1
6 Quality assurance at production site and yield Date: January 2, 2008

(a)

(b)

Figure 5 A picture of the CARDIAC board. In Fig(a) the top layer is shown; the connectors of the upper
row are from left to right the input I2C, the I2C address setting and the low voltage; the connectors of
the lower row are the output I2C and the output LVDS; the DIALOG chip is in the middle. In Fig.(b) the
bottom layer is shown; the left and right connectors are the input connectors from the SPB; the two
CARIOCA chips are in the middle.
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NICOLAI

SINGLE GAP

THE READOUT OF THE SINGLE GAP ALLOWS A BETTER 
CONTROL OVER THE FRONT-END OUTPUT



MWPC GOOD & BAD (UNCORRELATED) EVENTS
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GOOD EVENT:  hits in 4 (or 3 or 2) gaps within 30 ns

REMOVE UNCORRELATED EVENTS  WILL REDUCE FEE OTPUT RATE AT 
LEAST BY A FACTOR 3-4 

CARIOCA

8 CHS

n-DIALOG - 32 chs

WITH

UNCORRELATED EVENTS SUPPRESSION LOGIC 

BAD EVENT: hits in only 1 gap



Identify the Good Events
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EVENTS WITH HITS IN (AT LEAST) 2 GAPS IN A 25 ns TIME WINDOW

MAJORITY LOGIC

Single gap OR: 8 bits to 1 bit reduction Majority logic is used, for example, in error 
correction scheme together with logic 
redundancy

Validation Signal



Propagates Hits ONLY if they Belong to a Good Event
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Gaps Hits (8 bits) Validation Signal (1 bit)

only events with at least one hit in 
two  GAPs (25 ns time window)  

GOOD EVENT SELECTION

But

SPOILED TIME RESOLUTION
(because the AND in the selection logic; for example we are requiring that signals from GapA and Signal 

from GapB or GapC or GapD are present to generate a validation signal)

WE NEED A SCHEME TO DECOUPLE THE EVENT SELECTION FROM EVENT TIME INFORMATION

bit 1_v
bit 8_v

bit 8

Validation signal



Save the Hits Time Information
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• Single hits are delayed (delay = majority logic 
propagation time)

• The fixed delay do not downgrade the time features 
of the signal (appreciably)

• The AND logic propagates only hits  belonging to a 
good event without spoiling their time resolution 

• 4 bytes 
• Validation TRUE: signals are a delayed replica of 

the GAP signals
• Validation = FALSE : no signal is propagated



Reconstruct the Byte for the n-ODE
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PROS
• only events with hits  in 2 (or more) gaps 

in a 25 ns time window are transferred
• hit time information preserved
• no change in current DAQ required

CONS
• new front-end design required 

(porting to a new technology; no fully 
redesign)

Uncorrelated events suppression logic #3

New FE Electronics for MWPC DetectorsG.Felici 23

Gap A – ch 1-8 

Gap B – ch 1-8 

Gap C – ch 1-8 

Gap D – ch 1-8 
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Conclusions
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R-WELL readout using VFAT3 ASIC looks feasible but there are a 
couple of points  to investigate:  the scheme to transfer data to DAQ 
and the lack of time measurement

Rejecting uncorrelated events in MWPC FE would reduce the FE 
output rate at least by a factor 3-4.  A scheme to reject these events 
has been presented. The scheme, based  on a validation signal, 
allows to preserve the hits time information and can reuse current 
Off Detector Electronics. 

THANK YOU


