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• Leaks on some filters probably due to wrong cleaning 
procedure and/or no passivation. 

• Filter trace connectiond  too close to the margin of the
card
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URANIA BOARD FEE

CR-110 CR-200 µs 

DETECTOR SIGNAL READOUT CHAIN

5 µs/div - CR-110

5 µs/div - CR-200 1 µs TOP

PAD

1.4mV/fC 10x 0.5x

4.62 mV/fC

PREPRE

SHAPER SHAPER

0.66

NOMINAL GAIN
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PAD-TOP COUPLING

ONLY ELECTRONICS ELECTRONICS & R-WELL
TOP & PAD FEE CHARGE INJECTION TOP & PAD FEE CHARGE INJECTION

ELECTRONICS & R-WELL
TOP FEE CHARGE INJECTION

ELECTRONICS & R-WELL
TOP FEE CHARGE INJECTION
PAD PREAMPLIFIER DISCONNECTED

PRE PAD & TOP CONNECTED

ONLY PRE PAD ONLY PRE TOP

PRE PAD & TOP CONNECTED

5 mV/div
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ANALOG SECTION
NOISE: NO HV CABLE/CONNECTOR DISCRIMINATOR OUT

10 mV/div

SELECTABLE OUTPUT POLARITY

GAIN = 4mV/fC

500 mV/div

200 mV/div

1us/div

1us

10 ms/div

• PRE MAX OUTPUT SWING: +/- 3V (≃ 2pC)

• SHAPER MAX OUTPUT SWING: VS – 0.5V (VS max = +/- 13V)
• GAIN = 10 à max VIN ≃ 1.3 V
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DIGITAL SECTION
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SN65LVDT14, SN65LVDT41
SLLS530C –APRIL 2002–REVISED FEBRUARY 2019

SN65LVDTxx multi-channel LVDS transceivers
SN65LVDT14—One LVDS driver plus four LVDS receivers
SN65LVDT41—Four LVDS drivers plus one LVDS receiver

1

1 Features
1• Integrated 110-� nominal receiver line termination
resistor

• Single 3.3-V power supply (3-V to 3.6-V range)
• Supports signaling rates of at least 250 Mbps
• Flow-through pinout simplifies PCB layout
• LVTTL-compatible logic I/Os
• ESD protection on bus pins exceeds 16 kV
• Meets or exceeds the requirements of
ANSI/TIA/EIA-644A standard for LVDS

• 20-pin PW thin shrink small-outline package with
26-mil terminal pitch

2 Applications
• Serial Peripheral Interface™ (SPI) over LVDS
allows long interconnects between master and
slave

• Board-to-board communication
• Test and measurement
• Motor drives
• LED video walls
• Wireless infrastructure
• Telecom infrastructure
• Rack servers

3 Description
The SN65LVDTxx devices are multi-channel LVDS
transceivers that operate using LVDS line drivers and
receivers. The SN65LVDTxx devices support
signaling rates of at least 250 Mbps, and the devices
operate from a single supply (typically at 3.3 V) in a
20-pin TSSOP package designed for easy PCB
layout.

The SN65LVDT14 and SN65LVDT41 provide
general-purpose, asymmetric, bidirectional
communication with the added benefit of high noise
immunity, low electromagnetic interference (EMI),
and increased cable length through the use of LVDS
lines. The SN65LVDT14 and SN65LVDT41 are
primarily used for SPI over LVDS applications.

The SN65LVDT14 combines one LVDS line driver
with four terminated LVDS line receivers in one
package. The SN65LVDT14 can be used to extend
asymmetric, bidirectional interfaces such as SPI over
long distances, and should be located at the SPI
slave.

The SN65LVDT41 combines four LVDS line drivers
with a single terminated LVDS line receiver in one
package. The SN65LVDT41 can be used to extend
asymmetric, bidirectional interfaces such as SPI over
long distances, and should be located at the SPI
master.

Device Information(1)

PART NUMBER PACKAGE BODY SIZE (NOM)
SN65LVDT14
SN65LVDT41 TSSOP (20) 6.50 mm × 4.40 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

SN65LVDT41 Functional Diagram SN65LVDT14 Functional Diagram
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ISO7240CF, ISO7240C, ISO7240M
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6 Pin Configurations and Functions

ISO7240CF DW Package
16-Pin SOIC
Top View

ISO7240C and ISO7240M DW Package
16-Pin SOIC
Top View

ISO7241C and ISO7241M DW Package
16-Pin SOIC
Top View

ISO7242C and ISO7242M DW Package
16-Pin SOIC
Top View

Pin Functions
PIN

I/O DESCRIPTION3
NAME

NO.

ISO7240CF ISO7240C
ISO7240M

ISO7241C
ISO7241M

ISO7242C
ISO7242M

CTRL 10 — — — I Failsafe output control. Output state is determined by CTRL pin when DISABLE is high or VCC1 is
powered down. Output is high when CTRL is high or open and low when CTRL is low.

DISABLE 7 — — — I Input disable. All input pins are disabled when DISABLE is high and enabled when DISABLE is low or
open.

EN — 10 — — I Output enable. All output pins are enabled when EN is high or open and disabled when EN is low.

EN1 — — 7 7 I Output enable 1. Output pins on side 1 are enabled when EN1 is high or open and disabled when EN1 is
low.

EN2 — — 10 10 I Output enable 2. Output pins on side-2 are enabled when EN2 is high or open and disabled when EN2 is
low.

GND1 2, 8 2, 8 2, 8 2, 8 — Ground connection for VCC1

GND2 9, 15 9, 15 9, 15 9, 15 — Ground connection for VCC2

INA 3 3 3 3 I Input, channel A

INB 4 4 4 4 I Input, channel B

INC 5 5 5 12 I Input, channel C

IND 6 6 11 11 I Input, channel D

NC — 7 — — — No Connect pins are floating with no internal connection

OUTA 14 14 14 14 O Output, channel A

OUTB 13 13 13 13 O Output, channel B

OUTC 12 12 12 5 O Output, channel C

OUTD 11 11 6 6 O Output, channel D

VCC1 1 1 1 1 — Power supply, VCC1

VCC2 16 16 16 16 — Power supply, VCC2

Rpi Power Supply URANIA board Power Supply

CPLD

COUNTER

SPI

ADC
DAC
VTH

Ϭ ϱϯϴϵϵϬ
ϭ ϱϮϮϭϴϯ
Ϯ ϰϰϰϱϲϮ
ϯ ϯϯϭϯϯϳ
ϰ ϭϳϵϱϰϯ
ϱ ϵϳϰϵϭ
ϲ ϰϳϮϱϯ
ϳ ϮϭϵϮϱ
ϴ ϭϯϳϭϯ
ϵ ϲϲϲϵ

ϭϬ ϱϲϰϱ
ϭϭ ϱϬϯϱ
ϭϮ ϱϬϭϰ
ϭϯ ϱϬϬϴ
ϭϰ ϱϬϬϵ
ϭϱ ϱϬϬϴ
ϭϲ ϱϬϬϴ
ϭϳ ϱϬϬϴ
ϭϴ ϱϬϬϴ
ϭϵ ϱϬϬϴ
ϮϬ ϱϬϬϴ

Ϭ

ϭϬϬϬϬϬ

ϮϬϬϬϬϬ

ϯϬϬϬϬϬ

ϰϬϬϬϬϬ

ϱϬϬϬϬϬ

ϲϬϬϬϬϬ

Ϭ ϱ ϭϬ ϭϱ ϮϬ

�ŚĂƌƚ�dŝƚůĞ

PAD Threshold scan
mV COUNTS
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CONCLUSIONS

• CR-110 + CR-200 1us
• Gain ⩳ 4 mV/fC (4.65 mV/fC @ CIN = 0)
• QIN SAT ⩳ 1 pC
• Input Noise ⩳ 1.5 fC (measured - rms)
• CR110 input noise ⩳ 4 erms/pF x 2nF ** ⩳ 1.3 fC

• N. 2 channels 
• Positive/Negative input polarity
• Preamplifier Out (x2)
• Shaper Out (x2)

** TOP - PAD capacitance 

MAIN FEATURES (ANALOG SECTION)

NB: FWHM ⩳ 2.4 x Shaping Time

• 2 x VTH sensing/setting
• 24 bits counter
• SPI interface
• Totally insulated control/readout  lines

• Single Channel digital Output (positive/1.5V)
• AND Output (positive/1.5V)
• Threshold scan capabiliy

• EXCEL data file 
• PyQt5 control GUI

MAIN FEATURES (DIGITAL SECTION)
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SRPC FEE

200mV/div

2µs/div

10mV/div

20mV/div

200mV/div

10µs/div

10mV/div

50mV/div

200mV/div

10µs/div

10mV/div
CINJ=2.2pFCINJ=2.2pFCINJ=2.2pF

NOMINAL GAIN
25 mV (Test Pulse)  x 2.2 pF x 1.4 mV/fC (CR-110) x 2 (AO) x 10 (CR-220) x 0.5 (line termination) = 770 mV/55 fC = 14mV/fC 

55 fC 

REAL GAIN ≃ 11 mV/fC 
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2021 URANIA FEE

SHAPER

TOP PAD

CINJ = 1.8 pF

QINJ ≃ 115 fC
VOUT ≃ 400 mV
GAIN ≃ 3.47 mV/fC



micro-RWELL & resistive detectors activity 10

RWELL - FEE
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3

APV25 functional schematic

Preamp designed for AC coupled Si detectors.

New features c.f. previous designs

Switchable inversion at preamp O/P

Needed for optimum use of shaper output range
Switched in for +ve input charge, out for -ve

Pipeline

Implemented using gate capacitance
(metal-metal capacitance would violate design rules
for allowable area of this type of capacitor/chip)

192 cells/channel -> 4.8 µsec
(latency up to 4 µsec possible if maximum no. of
  buffer locations reserved (FIFO depth of 31))

MUX

Programmable gain - 5 values
nominal, ±10%, ±20%

O/P stage

Differential current O/P, 1mA/Mip nominal (design value)
Digital header ± 4 mA

DATA FRAME
Digital Header

 (pipeline digital address)
analog sample #1
analog sample #2

--------
analog sample 192OPERATION MODE

• peak mode 
• deconvolution mode (three samples 

read from pipeline and combined (in 
a weighted sum) before output

• multi-mode (sequence of external 
triggers transmit a number of 
consecutive pipeline samples in 
consecutive data frames)

MAIN FEATURES

★ 0.25𝜇m CMOS process
★ 128 readout channels (> 100 Mrad tolerant)
★ 192 elements analog pipeline (160 used for latency 4 𝜇s)
★ Differential output multiplexing
★ 40 MHz clock
★ GAIN (PREAMP) ≃ 5 mV/fC
★ GAIN (SHAPER) ≃ 5
★ SHPAING (CR-RC) ≃ 50 ns
★ LINEARITY ≲ 2% over 5 mip range 

• 1 mip ≃ 25000 e ≃ 4 fC
★ NOISE ≃ 300e + 40e/pF

• es. assuming 20 pF input capacitance → σerms ≃ (300+800) erms ≃ 0.2 fC

GAIN (10pF) ≃
208e/adc count

APV25 Main Features (2001)
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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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Slow Control (Registers & logic) 
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CBM Unit 
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GEM	design,	regions	and	fields

6

Biasing	each	side	of	the	GEM	foils	
produces	 electric	fields	for	electron	drift	
and	an	intense	electric	field	across	the	
GEM	foils	for	amplification.

Transfer	electric	field	typically	 higher	
than	Drift.	
Induction	electric	field	 typically	higher	
than	transfer.
This	aids	focusing	 the	electrons

P.	Aspell			 CERN

Signal	shape	in	reality

11

Signal	shape	to	350MeV	Pions	using	a	fast	(2ns	peaking	time)	
amplifier.

Gas	:	ArCO2,	70/30	%
Drift	Velocity	:	~7.5cm/us	@	5kV/cm
Hence	3mm	Drift	~	40ns

 
 

Fig. 5.  Photon signal for four adjacent anode strips. The signals were 
recorded with the VV51 ampli!er.  
 

Signal	shape	is	lumpy	and	unpredictable	thought	to	be	due	
to	clusters	of	ionisation	occurring	along	the	particle	track	
mainly	in	the	drift	region.

M.Ziegler,	U.Straumann.	Development	of	a	triple	 GEM	Detector	 for	Particle	 Tracking.	
2005	IEEE	NSS	Conf.	Record

Strips	outside	 of	the	main	charge	cloud	show	bipolar	
response	due	to	the	induction	process.	Total	charge	on	these	
strips	integrates	to	zero.	

GEM SIGNAL PROCESSING

★ Slow shaping to integrate the GEM signal full charge
★ Improve S/N but time-walk affect timing resolution

VFAT3 FRONT-END:
★ Programmable gain
★ Programmable shaping
★ CFD/LE discriminator

VFAT3 - CMS Upgrades (GEM Readout) - first submission: 2017
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VFAT3 – Readout Architecture (I)
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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	Comm-Port
All	Comm-port	functions	working	perfectly

Working	with	FPGA	generated	signals

Working	with	the	GBTx

Simulated	for	common	mode	compatibility	with	lpGBT

ie.
normal	GBTx SLVS	diff	signal	200mV,	CM	=	200mV
lpGBT SLVS,	diff	signal	=	200mV,	CM	=	vdd/2	 =	600mV
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control logic. This part has been kept as flexible as possible in order to favour

its re-use in di↵erent projects. This approach will allow in fact to develop in

a short time a new ASIC in which only the very front-end is changed to allow45

its throughout optimization to a particular kind of radiation sensor. The chip

architecture is described in more detail in Section 2 and experimental results

are reported in Section 3.

2. ASIC architecture

TIGER, a front-end ASIC for timing and energy 
measurement with radiation detectors 

A. Rivetti1, F. Cossio1,2, M. Alexeev1,3, R. Bugalho4, M. Da Rocha Rolo1, A. Di Francesco4, M.Greco1,3, H. Li1,2 
M. Maggiora1,3, S. Marcello1,3, M. Mignone1,  J. Varela4, R. Wheadon1 

1: INFN-Sezione di Torino 2: Politecnico di Torino, 3: Università di Torino, 4: LIP, Libon 
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ASIC architecture

ASIC specifications
❑ The analogue readout of the CGEM 

enables the use of a charge centroid 
algorithm and the micro-TPC mode to 
improve the spatial resolution to better 
than 130 µm while loosening the pitch strip 
to 650 µm, which allows to reduce the total 
number of channels to about 10 000.  

❑ The channels are readout by 160 dedicated 
integrated 64-channel front-end ASICs, 
which must measure the energy and time-
of-arrival of the input signal, providing 
digitised data off-chip 

The CGEM detector for BESIII Implementantion and results

Outlook

Parameters Values
# channels 64

Input capacitance 100 pF
Input charge 1-50 fC

Data rate 60 kHz/ch
Power consumption 10-12 mW/ch

Time resolution 4-5 ns
Power supply 1.2 V
Technology 110 nm CMOS

Area 5x5 mm2

• Threshold scan and S-curve fit 
• RMS noise ≈ 2100 e-    (Cin = 100 pF) 
• 50% less from post-layout simulations 
• Grounding, shielding and PSRR under s 
• RMS jitter ≈ 3.7 ns for Qin = 3 fC 
  

• External charge injection (channel 63) 
• T-branch gain ≈ 10.35 mV/fC 
    (expected 11 mV/fC from simulation) 
• Average gain ≈ 10.75 mV/fC  (64 channels) 
    (RMS dispersion ≈ 3.5%)

1. S&H dynamic range and linearity with external charge injection (channel 63) Linearity 
very good (< 0.2%) up to 40 fC 

2. Back-annotation to calibrate the internal pulse generator and assess other channels 
3. ToT curve due to the intrinsic non-linear pulse duration of CR-RCn shapers

TABLE I: TIGER specifications

• The prototype fully matches the experimental requirement. 
• Final front-end board produced. 
• Final ASICs being delivered. 
• Integration with the CGEM detector in first quarter 2018. 
• Optimized ASIC can be produced with minimal adaptation 

in the front-end 
• Tests with silicon and diamond detectors planned in the 

first quarter of 2018. 

❑ To overcome the aging effect, due to radiation 
damage, of the inner tracking layers, an upgrade 
based on CGEM (Cylindrical Gas Electron Multiplier) 
technology has been proposed. The project features 
three independent tracking layers, each made of a 
cylindrical triple-GEM detector.

❑ The installation of the new detector is scheduled to take place during the 2018 upgrade 
and a dedicated front-end ASIC, TIGER (Turin Integrated Gem Electronics for Readout), 
has been designed to address the needs of the CGEM tracker.

❑ The BESIII (Beijing Spectrometer III) Experiment is located at the Beijing e+e- collider 
(BEPCII), hosted by the Institute of High Energy Physics (IHEP).

• Front-End: CSA + Dual-branch 
Shaper (Time and Energy) 

• Time-branch: 60 ns peaking time for 
low-jitter timing measurement 

• Energy-branch: 170 ns peaking time 
for signal-to-noise ratio optimization 

• Single or double threshold readout
• Timestamp on rising edge of fast branch 
• Charge measurement with Sample-and-Hold circuit or Time-over-Threshold 
• Time measurement with low-power quad-buffered TDCs based on analogue 

interpolation (sub-50 ps time binning)

External charge injection

1

Internal pulse generator

2 3

Charge measurement

Noise measurement

Gain measurement

• Simulation of one event in S&H 
mode 

• The fast discriminator provides 
the trigger 

• The output of the slow shaper is 
sampled in a capacitor 

• The analog value is digitised by 
a Wilkinson ADC

This research activity has been funded by the EU and INFN by means of the project BESIIICGEM RISE 645664 within the call H2020-MSCA-RISE-2014

discussed in Section 4.

II. ASIC ARCHITECTURE

Fig. 2: Block diagram of one ASIC channel.

Fig. 2 shows the block diagram of a processing channel.
The input stage amplifies the detector current and feeds two
independent continuous-time shapers. In the fast shaper the
peaking time is matched to the expected charge collection time
(60 ns) with the purpose of providing optimal timing perfor-
mance. The peaking time of the slow shaper is chosen to be
170 ns in order to improve the charge resolution while keeping
a good event rate performance. Each shaper is followed by
a voltage-mode discriminator, whose threshold can be fine-
tuned with a dedicated 6-bits DAC. Two low-power TDCs
are provided in each channel. The coarse time information is
obtained by counting the transitions of the chip master clock.
Four Time-to-Amplitude Converters (TACs) are employed to
interpolate the time elapsing between the hit detection flagged
by the discriminator and a suitable clock edge. The analogue
voltage of each TAC is then digitized with a 10 bit Wilkinson
ADC. Even though the maximum digitization time can be
up to 6.4 µs, the use of four interpolators derandomizes the
arrival time distribution of the input signals. An event rate
of at least 150 kHz per channel can thus be accommodated
with better than 99% efficiency. An array of four sampling
capacitors is available to capture the peak voltage at the output
of the slow shaper. The stored voltage is digitized by a second
Wilkinson ADC, which is shared with the TDC serving the
energy branch. The chip readout operates in a data-push mode,
while trigger matching is performed in a separate FPGA. The
operation is managed by the on-chip controller, designed to
work with a maximum clock frequency of 200 MHz. For
system reasons, the ASIC will be used in BESIII at 160 MHz
clock.

Thanks to the hardware resources deployed in each channel,
the chip offers different operating modes:

• In the Time-over-Threshold (ToT) mode, the leading and
trailing edge of the discriminator are captured by the
TDCs. The charge is thus inferred from the measured
pulse duration. The ToT readout allows to extend the
charge sensitivity beyond the saturation point of the
front-end amplifier (50 fC nominal). In principle, either
discriminator can be chosen, even though the one fol-
lowing the fast shapers provides more accurate timing
information and it is thus the default choice in this mode.

• In the peak sampling mode the output of the discriminator
connected to the fast shaper is fed to the control logic,

which generates a sampling pulse with a delay suitable
to capture the slow shaper output around its maximum.
The delay between the trigger given by the discriminator
and the sampling pulse generated by the logic can be
fine-tuned in steps equal to four clock cycles.

• Finally, the system can be used in dual-threshold mode. A
lower threshold is set for the fast branch, thus allowing for
time-walk minimization. The event is promptly discarded
if the discriminator connected to the slow shaper, which
has better signal-to-noise-ratio, does not fire within a
predetermined time window.

III. ASIC BUILDING BLOCKS

A. Input stage
The role of the input stage is to amplify the weak current
delivered by the GEM anode while keeping the electronic
noise as low as possible.

A noise target of 1500 electrons rms for for the maximum
detector capacitance of 100 pF has been set. A PMOS input
transistor has been chosen, because in the selected process it
offers a smaller 1/f noise. A 6 bit DAC generates the bias
current of the input stage, providing an adjustable range from
1 mA to 4 mA. In this way, the current in the input transistor
can be tuned to provide the required noise level for the given
anode capacitance, optimizing the overall power dissipation in
the system. All current sources in the CSA have been carefully
designed to have the minimum value of gm at a given current,
thus minimizing the noise injected by the bias circuits. To
guarantee low cross-talk, the open-loop gain of the amplifier
should be large enough.
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Fig. 3: Schematic of the CSA core amplifier.

Shown in Fig. 3, the CSA core amplifier employs the two-
stage cascode topology with rail-to-rail output proposed in [4].
The input stage is a dual cascode amplifier (M1,M2,M3) with
split current branch (Mb,Rb) and a common source stage with
current mirror amplification (M6,M7,M4) [5].

The DC gain from the input node Vin to V3 can be written
as:

V3

Vin
= kgm1

r04r07

r04 + r07
(1)

where the factor k is defined as:
k =

gm4

gm3
+

gm7

gm6
(2)

In the above expression, gm1 ÷ gm7 and r01 ÷ r07 are
respectively the transconductance and the output resistance of
M1 ÷ M7. Compared with the gain of a standard common-
source amplifier, the amplification of the first stage is multi-
plied by k.

To satisfy the target ENC at the largest value of input
capacitance, a transconductance as high as 80 mS is required
in the input transistor. This is achieved with an aspect ratio of
W/L = 10000/0.2 (width and length expressed in microm-
eters) and a split bias current of 3.6 mA. The resulting gate
capacitance is Cg � 10 pF and the device operates at the onset
of moderate inversion. The large bias current flowing through
Mb will thus increase the noise generated by it. To optimize the
bias noise, Rb is introduced as the source degenerated resistor
to reduce the overall transconductance of Mb. The equivalent
transconductance can be represented as:

Gmb =
gmb

1 + gmbRb
(3)

The total input referred voltage noise from the bias can be
written as:

V
2
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V
2
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2
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2
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2
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g
2
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(4)

where V
2
b is the input referred spectral noise density of transis-

tor Mb and I
2
Rb

is the spectral noise denisty of resistor Rb. For
a transistor working in strong inversion, the transconductance
can be expressed as:

gm =
2IDS

VOD
(5)

The overdrive voltage VOD = VGS � VTH of Mb should
be set to a large value to reduce its transconductance at
a given current IDS . On the other hand, a large overdrive
voltage implies also a large saturation voltage, thus limiting
the practical value of Rb. As a compromise, Rb = 100� and
an aspect ratio (W/L)b = 600 µm/4 µm for Mb have been
chosen, leading to Gmb = 10 mS and gmb = 20 mS. VOD

is set to 600 mV. The output stage of the CSA, formed by
M5 and M8, is a class AB common-source amplifier with
rail-to-rail output [5]. Resistor R1 is chosen large enough so
that in the frequency band of interest the signal at node V3

is transmitted through C2 to the gate of M8. M5 and M8 are
thus driven in phase, providing class AB control of their bias
current. The output stage provides also the necessary signal
inversion to make the overall amplifier suitable for negative
feed-back. The network composed by Rc and Cc grants an
adequate frequency compensation to make the amplifier stable.

Fig.4 shows the CSA with its feedback network, which
employs current mirrors combined with capacitors for pole-
zero cancellation[6].

CSA
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If

Fig. 4: The input preamplifier with its feedback network.

The signal is split into two branches which have additional
charge amplifying constants N1 and N2, implemented by
sizing respectively the ratio between the PMOS transistors
and the feedback capacitors. The value of Cf is 150 fF, while
N1 = N2 = 20, thus providing a charge gain of 20 in both
branches.

B. Shaper stages

The preamplifier is followed by two shapers, one optimized
for timing and one optimize for energy measurement.

R3

R4 R5

�A �A

C3

C2 C4

VoutIin

C1

R1 R2

Fig. 5: Shaper with four complex conjugate poles used in the
energy branch.

The shaper in the energy branch is shown in Fig. 5. Here the
signal-to-noise ratio is optimized choosing a peaking time as
long as permitted by rate considerations. The maximum event
rate per channel is 60 kHz, including already a safety factor
of two. A total pulse width of 600 ns guarantees a pile-up
probability of 3.5%, which is considered fully acceptable in the
intended application. To optimize the ratio between peaking
time and total pulse width a topology with complex conjugate
poles is chosen [7], [8]. Two cells are cascaded as shown in
Fig.5 to yield a system with four complex conjugate poles,
in which the peaking time is about 30% of the total pulse
width. The values of resistors and capacitors in the feedback
network are chosen so that a nominal peaking time of 170 ns
is achieved. The gain is set to 11 mV/fC. The exact value of
the peaking time is also a consequence of practical constraints
imposed on the allowable silicon area, which limits the values
of resistors and capacitors. In fact, the full chip had to fit a

• CSA and class AB core amplifier

• Technology: CMOS 110 nm. 
• Size: 5 mm x 5 mm. 
• Maximum clock frequency: 200 MHz. 
• Power consumption 10 mW/channel

• One prototype submitted in May 2016 
• Production run in August 2017 
• Final integration with the detector in first 

quarter of 2018

Figure 2: Block diagram of one ASIC channel.

Fig. 2 shows the block diagram of one processing channel. The input stage am-50

plifies the detector current and feeds two independent continuous-time shapers.

In the fast shaper the peaking time is matched to the expected charge collection

time (60 ns) with the purpose of providing optimal timing performance. The

peaking time of the slow shaper is chosen to be 170 ns in order to improve the

charge resolution while keeping a good event rate performance. In the pream-55

plifier and in the shaper class AB single-ended amplifiers are employed [4, 5].

Each shaper is followed by a voltage-mode discriminator, whose threshold can

be fine-tuned on a channel-by-channel basis with a dedicated 6-bits DAC. Two

low-power TDCs are provided in each channel. The coarse time information is

obtained by counting the transitions of the chip master clock, that can be up to60

200 MHz. A Time-to-Amplitude Converter (TAC) is employed to interpolate
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TIGER bonded on PCB

Chip features:
� 64 channels
� Power consumption < 12 mW/channel
� Sustained event rate 100 kHz
� Input dynamic range up to 50 fC
� Time resolution < 5 ns

� ENC < 2000 e- rms with 100 pF input capacitance
� Analog read out providing charge and time measurement
� Digital logic  protected from single event upset (SEU)
� Tunable internal test pulse generator
� 110 nm technology 

Torino Integrated Gem Electronics Readout
Font end architecture

Front end board (FEB)

ൈ64

Alberto Bortone - Electronics readout for the CGEM - Inner Tracker: TIGER ASIC and electronics chain

★ 64 channels
★ 12 mW/ch power consumption
★ 100 kHz max sustainable rate
★ 50 fC input dynamic range
★ < 5 ns time resolution
★ 2000 erms @ 100 pF ENC
★ Charge & Time information
★ SEU protected
★ Tunable internal test pulse
★ 11o nm cmos process

★ SEU protected
★ Tunable internal test pulse
★ 11o nm cmos process
★ 60 ns fast-shaper (time measurement)
★ 170 ns slow-shaper (charge measurement)
★ Time measurement accuracy limited by FE 

stage 
★ 50 ps fine time measurements

TIGER FRONT-END  MAIN FEATURES

x64

★ 4 TAC on T and Q branch of every channel 
★ 64 bits word/hit
★ 4 TX SDR/DDR LVDS links@ 160 MHz  – 8b/10b encoding

★ 1.28 GBIT/S (250 kHz/channel – rate capability limited 
by front-end features)

★ 10 MHz SPI-like configuration link 
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VMM3 (ATLAS MUON UPGRADES - MicroMegas & sTGC)
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Figure 1. Evolution of the VMM ASIC.

possibility. The input MOSFET is a p-channel and is configurable for adjustable polarity2. The
gain is adjustable in eight values (0.5, 1, 3, 4.5, 6, 9, 12, 16mV/fC). The filter (shaper) is
a third-order (one real pole and two complex conjugate poles) designed in delayed dissipative
feedback (DDF) [6]. It has adjustable peaking time in four values (25, 50, 100, and 200 ns) and
stabilized, band-gap referenced, baseline. The DDF architecture o↵ers higher analog dynamic
range, making possible a relatively high resolution at input capacitance much smaller than
200 pF. The VMM3a features as well an ion tail suppression mechanism in two stages (mild or
strong) which ensures that it will recover from longer drift time signals3.

Figure 2. Architecture of the VMM.

Next to the shaper are the sub-hysteresis discriminators [7] with neighbor-enabling logic
and individual threshold trimming, the peak detector, and the time detector. The threshold
is adjusted by a global 10-bit Digital to Analog Converter (DAC) and an individual for each
channel 5-bit trimming DAC. The neighbor-enabling logic forces the measurements of channels
neighboring a triggered one, even those channels do not exceed the set threshold. The neighbor
logic extends also to the two neighboring chips through bidirectional IO. The peak detector
measures the peak amplitude and stores it in an analog memory. The time detector measures
the timing using a time-to-amplitude converter (TAC), i.e., a voltage ramp that starts either at
threshold crossing or at the time of the peak and stops at a clock cycle of the Bunch Crossing

2
To process either positive or negative charge.

3
Full baseline return in less than 600 ns.
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Figure 2. Architecture of the VMM.

Next to the shaper are the sub-hysteresis discriminators [7] with neighbor-enabling logic
and individual threshold trimming, the peak detector, and the time detector. The threshold
is adjusted by a global 10-bit Digital to Analog Converter (DAC) and an individual for each
channel 5-bit trimming DAC. The neighbor-enabling logic forces the measurements of channels
neighboring a triggered one, even those channels do not exceed the set threshold. The neighbor
logic extends also to the two neighboring chips through bidirectional IO. The peak detector
measures the peak amplitude and stores it in an analog memory. The time detector measures
the timing using a time-to-amplitude converter (TAC), i.e., a voltage ramp that starts either at
threshold crossing or at the time of the peak and stops at a clock cycle of the Bunch Crossing

2
To process either positive or negative charge.

3
Full baseline return in less than 600 ns.

• Mixed mode with peak & time analog output + address (external ADCs)
• Digital continuous with internal ADCs and 38-bit data at 2 outputs with 200MHz DDR, trigger-less or with
external trigger and auto reset
• Level-0 processor external trigger mode with 64-deep latency FIFO programmable acceptance windows with 
8b/10b encoding 

04/06/2019VMM ASIC - G. Iakovidis

!11VMM3a Readout & Overall Architecture

D1/flag
D2

PDO
TDO

CA shaper

logic

or
SETT, SETB

addr.

6-b ADC

ART
CKART

12-b BC

Gray count

10-b ADC

8-b ADC

logic

time

peak

4X  
 FIFO

mux

CKTK/L0pulser

5-b trim

bias registers

CKTP

TDS (ToT, TtP, PtT, PtP, 6bADC)

tempDAC
ENA/softreset

64 channels

MO

L0

registers CKDT

SCK, CS
SDI, SDO 

TKI/BCR/OCR

CK6B

IN

SLVS 1.2V CMOSANALOG LVDS bi-dir CKBC

Three readout modes
• Mixed mode with peak & time analog output + address (external ADCs)
• Digital continuous with internal ADCs and 38-bit data at 2 outputs with 200MHz DDR, trigger-less or with 

external trigger and auto reset 
• Level-0 processor external trigger mode with 64-deep latency FIFO programmable acceptance windows with 

8b/10b encoding

Continous Mode  Operation
• 38 bits
• 2 Outputs @200MHz DDR
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VMM3 (ATLAS MUON UPGRADES - MicroMegas & sTGC)

VMM3 – 64 chs • MAX INPUT RATE
• 4MHz (limited by the 

• DATA OUTPUT
• 38 bits/hit
• 4 buffers
• 2 data lines @ 200 MHz - DDR  800 Mbit/s Max

• RADIATION TOLERANCE
• Single Event Upset & Total Ionizing DoseNUP4114

IC NUP4114
with ESD 

protection diodes1 
M
ɏ

220 pF
APV25 

or
VMM
ASIC

Connector
to
detector

ZD 2.4 V

VCC2 2.4 V

Figure 3: Protection circuit of the APV25 and VMM hybrid for the ASIC input channels.

external power connectors and the connector to the detector. LDOs for power

supply are placed at the bottom side. In the current version of the hybrid, the

Power

D
at

a

Flash memory

Spartan-6

FPGA

VMM
 ASIC

 
VMM
ASIC

Figure 4: VMM3 hybrid of the Scalable Readout System

145

direct outputs of the VMMs are not connected and only the multiplexed data

output are used. The routing of the input signal lines from the connector is

implemented in such a way that neighbouring detector channels are connected

to neighbouring input channels of the VMMs. To allow for an application of

the neighbouring logic over the complete detector, inter-ASIC signals are con-150

8

VMM3 Hybrid
(APV25 interchangeable)

• Design
• First rel: 2012-VMM3: 2016-130 nm

• Input Stage
• Gain: 0.5, 1, 3, 4.5, 6, 9, 12, 16mV/fC
• Shaping: 25, 50, 100, and 200 ns 
• Full baseline return: less than 600 ns
• Detector Capacitance: few pF to 3 nF

• TIME DETECTOR
• TAC circuit (threshold crossing/peak time - BC clock)

• Ramp duration 60/100/350/650 ns)
• ADC

• 6/8/10 bits - 250 ns conversion time 
• READOUT MODE

• Two-Phase mode: Acquisition + Readout
• Continous mode: simultaneous R/W operation (4 MHz 

max rate x channel - 38 bits data - 4 events FIFO - 2 lines 
@200 MHz)

• L0 mode: ATLAS RO (Latency); two serial lines @ 160 
MHz Double Data Rate; 640 Mbits/s à 560 Mbits/s max 
BW including data encoding 8b/10b protocol)

• FAST OUTPUTS
• Direct Data Output: ToT, TtP, PtT, 10ns pulse occurring at 

peak (PtP) , address in Real Time (channel number of first 
hit), 6 bits low res ADC value (25 ns conversion time)

• NEIGHBOURING LOGIC
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VMM3 –THE ECOSYSTEM (≂ 20 k€)

2x RJ45

2x LEMO

9-w
ay pow

er

Diff. input

2x SFP

LVDS drivers

LVDS drivers

3x
 H

D
M

I
5x

 H
D

M
ILVDS

drivers
Virtex-6

FPGA

SRS FEC Adapter card

Power converters

Flash 
memory

Slot for a DDR3 on back side 

Figure 5: FEC (left) and adapter card (right) for the SRS VMM system.

10

VMM
ASIC

VMM
ASIC

FPGA

VMM
ASIC

VMM
ASIC

FPGA

VMM
ASIC

VMM
ASIC

FPGA
ASIC

ASIC

FPGA/
ICs

FPGA

FPGA

FPGA

ASIC

ASIC

ASIC

ASIC

ASIC

ASIC

ASIC

ASIC

Hybrid o HDMI cable o Adapter card + FEC o Ethernet o Switch oEthernet o PC 

FPGA/
ICs

FPGA/
ICs

FPGA/
ICs

FPGA/
ICs

Figure 1: Schematic of the electronics for the SRS readout.

2.1. The Hybrid

The interface between detector and readout electronics is the hybrid. It

connects a specific readout ASIC to the detection elements and provides the55

input needed by the chip as for example power, clock and slow control signals

and transmits the data to the adapter card.

2.2. The adapter card

As the hybrid, the design of the adapter card is specific to the front-end

ASIC employed. By default, the connection to the hybrids is provided by HDMI60

cables for most implementations. Depending on the type of front-end technology

(analogue, digital, pixel ASIC), the components and logic on the adapter card

may vary significantly. The adapter card connects to the FEC via one or two

PCI connectors depending on its size and the specific implementation.

2.3. The Front-End Concentrator card65

As core of the back-end, the FEC [16] provides communication with a com-

puter by Gigabit Ethernet. The FEC card front-panel implements 2 ⇥ RJ45

for trigger and external clock, 2 ⇥ SFP as data links, 2 ⇥ LEMO-50 ⌦ trigger

4

“The RD51 collaboration has developed a hybrid front-end for triggerless SRS read-out system, incorporating initially 
VMM2 ASICs, the final version planned for mid 2016 will integrate VMM3 ASICs. Compared to the purely analogue 
APV ASICs, the VMM ASICs integrate both ADCs and Zero suppression, al- lowing for considerably higher readout 
bandwidth and trigger rates up to 1 MHz.The VMM2-based hybrid which has been tested by us integrates two VMM2 
ASICs, corresponding to 128 channels. A FPGA contains the interface logic for Data, Trigger, Clock and Configuration 
(DTCC) via HDMI links to the SRS backbone” 

Up to 16 hybrid boards ( 2048 chs)

** a complete system should cost about 20 k€
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SAMPA ASIC (ALICE TPC RO)

* ALICE TPC upgrade and the SAMPA asic [Christian Lippmann] 

SAMPA overview (2)

17

SAMPA overview (1)

14

•  SAMPA was designed by Sao Paulo University (Brasil) and Bergen University 
(Norway) for ALICE TPC and MCH systems

SAMPA overview (1)

14

•  SAMPA was designed by Sao Paulo University (Brasil) and Bergen University 
(Norway) for ALICE TPC and MCH systems

SAMPA overview (1)

14

•  SAMPA was designed by Sao Paulo University (Brasil) and Bergen University 
(Norway) for ALICE TPC and MCH systems
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FATIC ASIC (New Development)

Analog Section:
§ 32 Front-end channels:

• Fast output: designed for timing measurements
• Slow output: input signal acknowledgement and charge measurement
• Global Bias: temperature and power supply independent, internal 

calibration, bias monitoring

Digital Section:
§ Control Unit:

• 320 MHz SLVS I/O link
• Channel & Global bias adj. bits
• TDC control 

CSA settings:
• Input signal polarity: positive & negative
• Gain: High ≈ 50mV/fC, Low ≈ 10 mV/fC
• Recovery time: adjustable

Shaper settings:
• Peaking time: 25ns, 50ns, 75ns, 100ns (polarity adj)

TDC resolution: 
• 100ps (5 bits fine + 16 bits coarse)
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LpGBT
lpGBT Documentation, Release

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;

1.2. Architecture and Functionality Overview 5

lpGBT (Low Power Giga Bit Transceiver): radiation 
tolerant serializer/deserializer asic used to implement 
multiporpose high speed bidirectional OL

up to 2.56 Gbps  in downlink and up to 10.24 Gbps in 
uplink

Provide distint path for timing and Trigger Control, 
Data Acquisition and Slow Control

It is possible to implement many input combination; 
ex: selecting uplink at 10.24 Gb/s with FEC5 it is 
possible to have 3 at 1.28 Gb/s, 4 at 640 Mb/s and 8 at 
320 Mb/s 

lpGBT Documentation, Release

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,

1.2. Architecture and Functionality Overview 7
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