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High Luminosity at the LHC
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• PDR: Oct 2014 ;  Ext. Cost & Schedule Review in Jan-Feb  2015; 
• TDR: OCT 2015; TDR_v2 : 2017
• Cryo, SC links, Collimators, Diagnostics, etc. starts in LS2 (2018)
• Proof of main hardware by 2016; Prototypes by 2017 (IT, CC)
• Start construction 2018 for IT, CC & other main hardware
• IT String test (integration) in 2019-20; Main Installation 2023-25
• Though but – based on LHC experience – feasible



Radiation Environment
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Radiation Environment
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• The radiation field in mainly photons, ”light” charged particles, and neutrons

• “No” heavy ions

• Protons and neutrons, in their energy range, can interact with Silicium and 
produce ions by spallation. The highest LET of these ions is less than 15 
MeV/cm2

• The spallation rate is such that the (protons induced) SEU cross section per 
bit is in the range 10-13 to 10-14 cm-2

• With appropriate TRM/redundancy the SEU cross section per bit is reduced
by a factor ~100

• Also latchup risk is reduced

• The main issue is ionising dose effects in the oxides



65nm technology
Provides capability for :

• High density pixel detectors :
50umx50um with internal buffer and data 
processing per pixel

• High speed links : 
The trigger rates (that extracts data out of the 
detector) may increase by a factor 10, plus more 
detector channels
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Technology roadmap in HEP
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130nm technology
• Radiation tests
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The	leakage	paths	are	technology	dependent	
(here	this	is	shown	for	source-drain	leakage	currents	in	NMOS)
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The	gate	oxide	in	the	three	130nm	technologies	studied	
appeared	to	be	hard	to	the	explored	levels	(30-140Mrad)	
This	was	directly	measured	on	ELT	transistors	in	2	of	the	3	technologies

Example	for	ELTs	in	tech.A

Enclosed Layout Transistor
exhibits no degradation

Standard layout exhibits parasitic 
leakage with a “shape” 

ELT
1Mrads
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The	leakage	current	is	the	sum	of	different	mechanisms	involving:	
• the	creaOon/trapping	of	charge	(by	radiaOon)		
• its	passivaOon/de-trapping	(by	thermal	excitaOon)		
These	phenomena	are	Dose	Rate	and	Temperature	dependent!
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Is	there	s%ll	the	need	for	ELTs	
and	guard	rings?

130nm technology
• Oxide and interface charges
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The	charge	trapped	in	the	lateral	STI	can	also	influence	the	characteris%cs	
	of	the	main	transistor	-	more	evidently	if	it	is	narrow.		
This	has	been	called	Radia%on	Induced	Narrow	Channel	Effect	(RINCE)	

Example:	apparent	Vth	shin	in	NMOS	and	PMOS	transistors	of	different	W,	Tech.	A

“RINCE”	introduced	at	NSREC	2005	(F.Faccio	and	G.Cervelli,	“Radiation	induced	edge	effects	in	deep	submicron	
CMOS	transistors”,	IEEE	Trans	Nucl	Science,	Vol.52,	N.6,	Dec2005,	pp.2413-2420)
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Figure 3: Evolution of the threshold voltage shift of PMOS core transistors as a function of total dose for 
TID1 (left) and TID2 (right) 
 
I/O linear transistors 
I/O transistors are intended for Input/Output and analog circuitry able to function at a 
supply voltage of 2.5V. For this reason, their gate oxide is thicker (about 5nm). Already 
in TID1, these transistors showed a more pronounced sensitivity to total dose indicating 
the likely need for using ELT devices. 
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Figure 4: Evolution of the threshold voltage shift of I/O NMOS transistors. The negative peak around 1-
3Mrd gets larger for TID2 (right), but all other effects are well comparable with TID1 (left)  
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Figure 5: Evolution of the leakage current of I/O NMOS transistors for TID1 (left) and TID2 (right). The 
difference in the results is more marked here, especially at large doses where TID2 shows a further 
increase of the leakage 

NMOS PMOS

“Radiation Induced Narrow Channel” effect

• Radiation tests

1Mrads

F.Faccio, G.Cervelli, “RadiaOon-induced edge effects in deep 
submicron CMOS transistors”, IEEE Trans. Nucl. Science, 
Vol.52, No.6, December 2005, pp.2413-2420 
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• Radiation tests
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Figure 7. Leakage current measured for NMOS core
devices.
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Figure 8. Core NMOS leakage current spread due to
±1s process variation.

an increase in leakage current, which is more pronounced for narrow devices, showing an edge-
dependent effect similar to what observed in the 130 nm technology [2] commonly now used for
many detector upgrade projects. Devices wider than 360 nm have an increase in the off-current
of less than 10⇥, while it can rise of 300⇥ in narrower devices. Still, this is a much better per-
formance with respect to the 130 nm technology studied in [2], where all devices were peaking at
about 100 nA leakage. These results suggest the possibility of using core transistors without any
special layout protection technique against TID. In addition, the changes in leakage current of the
transistors are comparable with its spread due to the process variation, as shown in Fig. 8.

The threshold voltage shift of PMOS devices is limited to 60 mV for the narrower devices, as
shown in Fig. 9, and even less than 10 mV for wide devices (W>1 µm).

The maximum drive current of PMOS devices degrades with radiation by 50% for the nar-
rowest device, as depicted in Fig. 10, but this is only partly due to the change in Vth. Most of the
degradation comes instead from a reduction in the transconductance (gm) in the strong inversion
region. The reduction depends again on the width of the transistor, the wider transistors having
a smaller decrease. The degradation in drive current can influence the speed of digital logic. The
transconductance in weak inversion region does not change with radiation. It is notable that NMOS
devices do not show a decrease in transconductance as visible from Fig. 6.

The leakage current for FOXFETs remained under 0.5 pA/µm (given as current per unit width)
in the explored TID range.

3.2 I/O transistor devices

The threshold voltage shift measured for I/O NMOS devices is within 200 mV, which is about 40%
of the typical Vth of I/O transistors, and positive for all devices. This means that the devices tend
to turn off, slowing down the logic (see Fig. 11).
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Figure 5. Threshold voltage shift measured for NMOS
core devices.
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Figure 6. Max. drive current (Vgs=Vds=1.2 V) mea-
sured for NMOS core devices, normalized to pre-rad.

For the dynamic test the procedure is: an indefinitely long configuration bitstream is loaded
in the shift-register chain; at the same time the output bitstream is continuously compared with the
original one; the beam is turned on for a specific fluence and then turned off; the clock is stopped.

The SEU cross-sections are derived by dividing the total number of errors observed for each
ion Linear Energy Transfer (LET) by the total fluence of the ion beam. The ions used in the test
were 22Ne7+ at 235 MeV energy giving an LET of 3 MeVcm2/mg, 40Ar12+ at 372 MeV giving an
LET of 10.2 MeVcm2/mg, and 58Ni18+ at 567 MeV giving an LET of 20.4 MeVcm2/mg. All other
LET points are obtained by tilting the beam with respect to the chip surface (45� and 60�).

The test was run at two different power supply settings, the nominal 1.2 V and a reduced 0.9 V,
in order to evaluate the impact of the reduced power supply on the cross-section, in the vision of
using a reduced supply for non-critical digital blocks for low-power applications.

All tests with tilted beam were run with the beam azimuth orthogonal to the chip long side.
Only for the 58Ni18+ ion tilted by 60�, irradiation test was conducted additionally at the other
orientation with respect to the beam (along chip long side).

3. TID characterization results

3.1 Core transistor devices

The threshold voltage of the core NMOS devices changes very little (up to 20 mV) in the explored
TID range, as can be seen from Fig. 5. Some rebound effect is visible only for narrow devices,
most likely due to the different contribution of the two opposing effects of charges trapped in the
oxide and Si-SiO2 interface states. The subtreshold slope does not change significantly.

The curve for the ELT device demonstrates a high TID tolerance of the gate oxide of the
studied technology, since its threshold voltage shift is practically unnoticeable, as it is for the in-
crease in leakage current, visible in Fig. 7. Nevertheless, normal-layout NMOS devices suffer from

– 5 –
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Std PMOS device
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Figure 9. Threshold voltage shift measured for PMOS
core devices.
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Figure 10. Max. drive current (Vgs=Vds=1.2 V) mea-
sured for PMOS core devices, normalized to pre-rad.
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Figure 11. Threshold voltage shift measured for NMOS
I/O devices.
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Figure 12. Leakage current measured for NMOS I/O
devices.

The leakage current of the devices increases by 2 orders of magnitude, as visible in Fig. 12.
Most of the change happens at about 1 Mrad. This result suggests that ELT should be employed in
I/O design. Once again, the performance of the I/O NMOS transistor in this technology is by far
superior to the 130 nm previously referenced, where I/O leakage peaks at 1 µA for similarly-sized
devices.

PMOS I/O transistors have a strong degradation in their performance, as can be seen in Fig. 13,
having a considerable shift of the threshold voltage: up to 800 mV, which accounts for 160% of the
typical pre-rad value. This shift is more pronounced for narrow devices, which should be avoided
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The leakage current of the devices increases by 2 orders of magnitude, as visible in Fig. 12.
Most of the change happens at about 1 Mrad. This result suggests that ELT should be employed in
I/O design. Once again, the performance of the I/O NMOS transistor in this technology is by far
superior to the 130 nm previously referenced, where I/O leakage peaks at 1 µA for similarly-sized
devices.

PMOS I/O transistors have a strong degradation in their performance, as can be seen in Fig. 13,
having a considerable shift of the threshold voltage: up to 800 mV, which accounts for 160% of the
typical pre-rad value. This shift is more pronounced for narrow devices, which should be avoided
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Std PMOS device

41

Radia%on	damage	is	severe	in	short	and	narrow	channel	transistors,	where	it	depends	
on	the	bias	and	temperature	applied	both	during	and	aper	irradia%on

PMOS	W	array PMOS	L	array NMOS	L	array NMOS	W	array

T	=	25C	
Bias:	|Vgs|=|Vds|=1.2V

Radia%on-Induced	Narrow	Channel	Effect	(RINCE)
Radia%on-Induced	Short	Channel	Effect	(RISCE)

Std NMOS device
1Mrads 1Mrads
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Discussion on RINCE-RISCE

44

RISCE:	Short	channel	PMOS	are	more	damaged	than	NMOS	
Damage	occurs	also	in	ELT	transistors,	hence	it	can	not	be	due	to	the	STI	oxide

NMOS PMOS

Transistors’	size:	W=1um,	L=60nm	
IrradiaOon	condiOons:	
T	=	25C	
Bias:	|Vgs|=|Vds|=1.2V
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Std PMOS device

Discussion on RINCE-RISCE

Std NMOS device
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Std PMOS device

Discussion on RINCE-RISCE
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Standard cells & Library

April 13-15,  2015 RD53 general meeting

nmos characteristics

� Acceptable fitting for the subthreshold region ( Vds=20mV and 
Vds=1.2V)

17

Measured versus Model 
Pre-Rad and at 500Mrads

ACES 2016 – Fifth Common ATLAS CMS Workshop for LHC Upgrades – 09/03/2016 – Elia Conti (CERN)

DRAD layout

9 libraries:
Different VT

flavours, 
transistor 
size and 
shape

For SEU 
testing

Shift 
register

DRAD Chip : evaluation of 
variants of digital libraries

Models build at 200 and 500 
Mrads

Digital Libraries



ConfiguraTon	#57	
Max	TID=	580Mrad	
VariaTon=7mV	

Voltage variation with TID – CERN bandgaps 
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•  CERN X-ray machine (2.5 krad/s)  
•  Samples biased during irradiation  
•  Irradiation at room temperature 

diode	
DTNMOS	

Circuits in 65nm technology
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diode	
DTNMOS	

600Mrads 1Mrads 600Mrads

Bandgap reference

1Mrads

Bandgap with Diodes Bandgap with DTNMOS 

Parameter	 Size	

Dimension	 160x520um2	

Bandgap	voltage	 330mV	

Required	supply	voltage	 1.08-1.32V	

Power	consumpTon	 200uW	

Temperature	range	
opTmizaTon	 -20C	+50C	

Max	variaTon	(process,	
T,	mismatch,	corners)	 3.2%	

Min	PSRR	 -20dB	@100KHz	

Capacitor	used	 Momcap	(for	compaTbility	with	all	possible	metal	stacks)	

AcTve	element	used	 Diode	between	bulk	and	source	of	an	ELT	Pmos	(to	have	
gate	oxide	around	the	diode	instead	of	STI)	

Designers	 Tommaso	Vergine,	Stefano	Michelis	

Status	 Integrated	twice,	tested	

Schedule	 Submission	in	September-October	with	Pavia/Bergamo	and	
CPPM	bandgaps	

Block	Diagram	

IP	Block	name:	 CERN	Bandgap	V1	diode	

I/O	signals	 Func<on	

BGP	 Bandgap	output	

VDD	 Supply	voltage	

GND	 Ground	

where �V = VD1 ≠ VD2, A1 and A2 are the di�usion areas of D1 and D2 and M is the mirroring
factor between transistors M1 and M2. The actual sizing of all devices are reported in Tab. 2.1.

Figure 2.1: BandGap Complete schematic

D1 D2 M1 M2 M3 M4 R1 R2 R3 Rs ROUT Ccf COUT
Di�usion Area [µ2] 0.5 0.5 - - - - - - - - - - -

W [µm] - - 6 6 6 10 - - - - - - -
L [µm] - - 5 5 5 5 - - - - - - -

Multiplier 1 8 1 1 1 1 - - - - - - -
Finger - - 18 2 2 2 - - - - - - -

Res [K�] - - - - - - 17.5 144 28.2 250 9.5 - -
Cap [pF] - - - - - - - - - - - 6 20

Table 2.1: BandGap Circuit Sizing

2.1.2 Operational Amplifiers
The operational amplifiers used in this design are two: the first one (in the left part of Fig. 2.1)
has been designed with a PMOS type input di�erential pair whereas the second (involved in the
output stage) has an NMOS type input di�erential pair. The choice of a PMOS type operational
amplifier has been done mainly to guarantee better performance in terms of flicker noise, unit gain
frequency and slew rate in the most crucial part of the circuit. To avoid biasing problems, two
voltage dividers have been necessary to reduce the opamp input range. Being the Vb node close
to 800 mV, the output opamp has been design with an NMOS type input stage. The operational
amplifier has been optimized for power consumption (less than 20µW) and exhibits 60 dB for DC
gain and 150 kHz for the bandwidth. The output A-Class opamp, with Miller compensation, is
shown in Fig. 2.2 and its sizing is reported in Tab. 2.2

Particular attention has been focused on the main operational amplifier and its o�set voltage
contribution on the output of the BandGap circuit. A symmetrical operational amplifier, with
Miller compensation, has been chosen. Its schematic is shown in Fig. 2.3. This architecture allows
to improve the BandGap overall power supply rejection since the opamp output node can follow
the voltage supply variation. In this way the VGS of transistors M1, M2 and M3 of Fig. 2.1 remains

BGP$

Status	 Date	

Prototype	1	submission	 Q4	2014	

Prototype	1	characterized	 Q3	2015	

Prototype	1	irradiated		 Q3	2015	

Prototype	2	submission	 Q2	2015	

Prototype	2	characterized	 Q4	2015	

Prototype	2	irradiated		 Q1	2016	

Full	IP	available	 Q2	2016	

Schedule	

Block	Diagram	

IP	Block	name:	 CERN	Bandgap	V2	DTNMOS	

VDD	

GND	

BGP	

Parameter	 Size	

Dimension	 layout	to	be	done	

Bandgap	voltage	 300mV	

Required	supply	voltage	 1.08-1.32V	

Power	consumpTon	 50uW	

Temperature	range	opTmizaTon	 -20C	+50C	

Max	variaTon	(process,	T,	mismatch,	
corners)	 6-8%	(models	to	be	trusted?)	

Min	PSRR	 -30dB	@1MHz	

Capacitor	used	
Momcap	(for	compaTbility	with	all	
possible	metal	stacks)	

AcTve	element	used	 DTNMOS	

Designers	 Tommaso	Vergine,	Stefano	Michelis	

Status	 Integrated	and	tested	

Schedule	

I/O	signals	 Func<on	

BGP	 Bandgap	output	

VDD	 Supply	voltage	

GND	 Ground	

Status	 Date	

Prototype	1	submission	 Q2	2015	

Prototype	1	characterized	 Q4	2015	

Prototype	1	irradiated		 Q1	2016	

Full	IP	available	 Q2	2016	

Schedule	
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I/O cells

Receiver Irradiation Results – 640 Mbps 

10 

Pre Rad 190 Mrad 

350 Mrad 550 Mrad 

Driver Irradiation Results – 1.2 Gbps 

11 

Pre Rad 190 Mrad 

350 Mrad 550 Mrad 

SLVS Receiver, 640Mb/s SLVS Driver cell, 1.2GB/s
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RAM Generator

65nm CERN SRAM IP block
� Clock synchronous, pseudo dual-port memory

� Write/Read operation @ same clock cycle

� Operating speed: 80 MHz @ 1.2 V

� Compatible with the 65nm CMOS
� Only lower 4 metal levels used in the SRAM block
� Only Standard-Vt transistors
� Cell size: 1.450 x 2.535 um2
� RadTol design techniques for TID and SET robustness

� Memory Compiler specifications:
� Minimum size: 128 words of 8 bit
� Max size: 1k words of 256 bits
� Generates: complete OA database, timing library, datasheets

� Development outsourced to IMEC, Belgium
� Memory compiler is fully delivered
� Silicon proven design

7/3/2016 Kostas.Kloukinas@CERN.ch 19

SRAM

Data in

Data out

Read Address

CLK

RD
WR

Write Address
Clock synchronous, pseudo dual-port 
memory

Write/Read operation @ same clock 
cycle 

Operating speed: 80 MHz @ 1.2 V 

Memory Compiler specifications:

Minimum size: 128 words of 8 bit
Max size: 1k words of 256 bits
Generates: complete OA database, timing 
library, datasheets 

RadTol design techniques for TID and SET 
robustness 

(Development by IMEC)
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Other cells in preparation

PLL, DLL

Front-Ends (Amplifiers, filters, discriminators)

ADC : 12 bits dual ramp (monitoring) 

DACs : 10 bits (biasing)

LDO 
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Figure 17. Cross-section vs LET plot for digital blocks
powered at 1.2 V supply voltage.
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Figure 18. Comparison of cross-section of digital
blocks powered at 1.2 V and 0.9 V supply voltages.

The SRAM static current increases by a factor 300⇥ with TID and its dynamic current reflects
this change with a small rise; the current peaks at about 2.5 Mrad and then decreases partially.
This behaviour is most likely dependent on the dose rate, since there is an evidence of a partial
annealing effect taking place at room temperature with a short time constant (about 1.5 hours). The
final annealing step at 100�C brings back the supply current value to the pre-rad within a factor
1.7⇥. The SRAM is the block that suffers most from TID, probably due to the use of ultra-narrow
transistor (W=80 nm) in the SRAM memory cell.

The shift-register static current changes very little with respect to the SRAM, increasing within
a factor 3.3⇥. Contrary to this, the corresponding dynamic current has a small decrease of about
3%, which probably translates to a proportional speed reduction. Once again the annealing step
restores the supply currents to their pre-rad value.

The ring oscillator frequency and current decrease constantly with TID, as visible in Fig. 16.
The circuit slows down from a pre-rad frequency of 22.5 MHz to a minimum of 15.2 MHz and
then recovers partly with the annealing to 19.4 MHz, which represents a net 13.8% less speed and
power. This should be taken into account in the design of digital circuits by adding a margin in
the timing budget of critical paths. This behaviour of the ring-oscillator is most likely due to the
reduction of drive current of the inverter’s PMOS, which tends to turn off with accumulated TID.

The I/O pad current has a negligible change in the explored TID range.

4. SEU sensitivity results

The cross-section per bit of the SRAM and shift-register blocks are presented in Fig. 17 (for 1.2 V
power supply). No substantial difference is visible between the static and dynamic tests run on the
shift-register. The SRAM cell has an area about 13⇥ smaller with respect to the flip-flop used in
the shift-register, therefore it has a lower cross-section, though not strictly proportional to the area.

– 9 –
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Figure 19. Technology comparison of cross-sections of
D flip-flops.
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Figure 20. Multiple n-bit upset (nBU in the figure) oc-
currence in the SRAM circuit, powered at 1.2 V.

The LET threshold is lower than 1.1 MeVcm2/mg for both the digital cells, therefore we can expect
upsets in the LHC environment and redundancy should be applied for protection against SEU [3].

The shift-register showed an evidence of particle hits on the clock-tree, which caused thou-
sands of errors simultaneously. Even though the cross-section of these events is too low to be
plotted, designers should take this effect into account when building SEU-robust blocks.

4.1 Sensitivity with reduced power supply

The reduction of the power supply voltage to 0.9 V gives an increase of 70% in cross-section in
the worst case, as shown in Fig. 18 for both the SRAM and the shift-register, which have similar
results. In a typical application the reduction in power supply can give great savings in power and
this increase in cross-section is acceptable.

The dependence on the power supply is slightly bigger compared to data acquired in a 90 nm
technology (different foundry) [4].

4.2 Technology comparison

The results obtained for the shift-register at 1.2 V are compared in Fig. 19 to a standard library
register flip-flop available in 130 nm technology and to a custom-made flip-flop in 90 nm (both
these from another foundry), previously tested in the same facility [4, 5] at the same supply voltage.
All technologies have low LET threshold (<1.1 MeVcm2/mg).

It is interesting to note that the area ratio between the standard library cells in 130 nm and
65 nm is about 4⇥ and the cross-section scales almost proportionally by a factor 3.4⇥. Even though
the saturation cross-section of the cells in 65 nm is lower with respect to previous technologies, this
is far above the one obtained for SEU robust cells, which have also, most importantly, higher LET
thresholds [6].

– 10 –
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High density Pixel
ACES 2016 – Fifth Common ATLAS CMS Workshop for LHC Upgrades – 09/03/2016 – Elia Conti (CERN)

CHIPIX65 Demonstrator (CHIPIX65 Italian INFN collaboration)
[CHIPIX Collaboration, RD53 General Meeting (14/10/2015)]

– 64x64 matrix, 50x50 µm2 pixel
– Put into effect the following RD53 WG proposals:

• Top level Æ digital on top hierarchical flow, analog islands
• Analog Æ integration of 2 different flavours

(Torino and Bergamo/Pavia front ends)
• Architecture Æ centralized latency buffering

architecture (optimized) (4x4 pixel region)
• Simulation and verification using VEPIX53

framework
• IP Æ implementation

of a set of tested RD53
IP blocks (bandgap,
DAC, serializer…)

To be submitted:
03/2016 (Europractice MPW)

Next generation of silicon pixel 
detectors for phase-2 upgrade of 
ATLAS and CMS at HL-LHC sets 
unprecedented design requirements 
– Small pixels (50x50 μm2 / 25x100 
μm2)
– Large chips (~2x2 cm2, ~109M 
transistors)
– Hit rate up to more than 3 GHz/cm2 
(high pileup ~200) – Radiation 
tolerance: 1 Grad TID, 2x1016 neq/cm2
– Trigger rate up to 1 MHz, ~12.5 μs
trigger latency 
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LpGBT

Bidirectional High Speed Serial Link

•– Data rates: 
• 5 to 10 Gb/s for up links 
• 2.5 Gb/s for down links 

•– Environment 
• Temperature: -35 to + 60 °C 
• Total Dose: 100 Mrad

qualification (200 Mrad
LpGBT chipset) 

• Total Fluence: 2x1015 n/cm2 
and 1x1015 hadrons/cm2
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“RD53” Collaboration at CERN

ACES 2016 – Fifth Common ATLAS CMS Workshop for LHC Upgrades – 09/03/2016 – Elia Conti (CERN)

Next generation of silicon pixel detectors for phase-2 upgrade of ATLAS and 
CMS at HL-LHC sets unprecedented design requirements
– Small pixels (50x50 µm2 / 25x100 µm2)
– Large chips (~2x2 cm2, ~109 transistors)
– Hit rate up to more than 3 GHz/cm2 (high pileup ~200)
– Radiation tolerance: 1 Grad TID, 2x1016 neq/cm2

– Trigger rate up to 1 MHz, ~12.5 µs trigger latency

Goals of RD53 (65 nm technology)
– Radiation qualification and characterization in 65 nm Æ guidelines for radiation hardness
– Development of tools and methodology to efficiently design large complex mixed signal chips
– Design and characterization of circuits and building blocks needed for pixel chips
Æ design of shared rad-hard IP library

– Design and characterization of full scale demonstrator pixel chip

RD53 Working Groups (WGs)

~20 participating institutes: Bari, Bonn, CERN, CPPM, FNAL, LBNL, LPNHE Paris, NIKHEF, New Mexico, Milano, 
Padova, Pavia-Bergamo, Pisa, Perugia, Prague IP-FNSPE-CTU, PSI, RAL, Torino, UC Santa Cruz, Sevilla

RD53 collaboration website:  http://rd53.web.cern.ch/RD53/

Radiation 
WG Analog WG IP WG Simulation 

WG
Top level and chip 

integration WG I/O WG

20 participating institutes : Bari, Bonn, CERN, CPPM, FNAL, LBNL, LPNHE, 
New Mexico, Milano, Padova, Pavia-Bergamo, Pisa, Perugia, Prague         
IP-FNSPE-CTU, PSI, RAL, Torino, UC Santa Cruz, Sevilla
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Technology access

A Challenging Task
� Technology Challenges

� Complex deep-submicron technologies
� Powerful and Flexible CAE Tools 

but complicated to use

� Design Challenges
� Designs of increased complexity (SOC)
� Mixed Signal designs & IP reuse
� Vendor IP libraries prepared for digital flows
� Radiation Tolerance

� Productivity Requirements
� Large, fragmented, multinational design teams
� Designers with different levels of expertise
� Work on common design projects
� Expensive technologies
� Importance of 1st silicon success !

7/3/2016 Kostas.Kloukinas@CERN.ch 3

Foundry 
PDKs 

130 nm

90 nm

65 nm

45 nm

Third party 
IP vendors

Methodologies
CAE Tools

Complex Design Manufacturing Rules
DRC deck file line count:

250nm:   5,300 lines
130nm: 13,500 lines

90nm: 38,400 lines
65nm: 89,300 lines

28 nm

Support for TSMC technologies
� Design kit distribution and technical support by Europractice (IMEC) 

� An NDA must be signed with IMEC & TSMC
� IMEC Contact : epsec@imec.be (IMEC maintains a list of CERN collaborating institutes)

� No access fees. Pay-per-use scheme.
� A 7% fee applied on fabrication costs (prototyping, engineering & production runs).
� Fee covers part of Design Kit development & maintenance costs
� Projects using the CERN Design Kit must seek 

fabrication services exclusively via CERN - IMEC service

� Access to foundry services
� CERN maintains a rolling wave planning, 

coordinating submissions on shared prototyping runs
� CERN issues common purchase orders to IMEC, 

receives and dispatches fabricated silicon to designers

7/3/2016 Kostas.Kloukinas@CERN.ch 15

Foundry

@65nm node
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Conclusion

• A large effort is going on at CERN and with the associated institutes to 
qualify a 65nm technology for the experiments upgrades

• Targets are highly segmented detectors and high bandwidth

• Dependencies found at “high” total dose, with complex annealing and dose 
rate relationships

• IP blocks under developments, through structured collaborations


