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In 1994: Perry COTS Initiative

• Buy more commercial technology/products

• Use industrial specifications

• Reduce costs

(1) Willam J.Perry, “Specifications and standards - a new way of doing business”
Memorendum, 1994.
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  Controversy: Is radiation hardened
technology necessary

From “defense Electronics” August 1995

“…Can Satellite survive? Unless you
harden it, the defense Nuclear Agency
doesn’t think so…”

consequence of post cold war DOD budget:

“20 rad-hard vendors in 1990, 4 today….

Source L. Dusseau/Montpellier
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Yield

Radiation
 effects on device

Parameter
stability

Circuit, design
marginsComplexity

die size

ASIC
robustness

Process 
variations

In production: good radiation hardening and yield

Radiation Environment
TID and SEE effects

Specifications
ensity , noise, 
power,speed
Architecture

Technology
features

performance
defect density
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11-May-00 10IV meeting on FE electronics for high resolution tracking detectors, PERUGIA May 16-19th,2000

Digital tests - results from 
30423 wafer #9

Map of the wafer with the ABCD chips tagged 
according to the results of digital tests
• RED     -  no defect in the digital part
• GREEN  - defect(s) in the digital part

ABCD2T wafer
J. Kaplon

Yield of CMOS circuit: 50%
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11-May-00 26IV meeting on FE electronics for high resolution tracking detectors, PERUGIA May 16-19th,2000

Yield results

Yield for analogue part of the ABCD (based on calculation of defects in 
analogue part for the ABCD2T for chips with no defects in the digital p
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Yield Batch Z31122
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Compiled by G. Anelli Semiconductor Industry Association
The International Technology Roadmap for Semiconductors (1999 Edition)
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Scaling from 1998 to 2010

latch-up
hot carrier
ESD

H. Veendrick, “Deep-Submicron CMOS ICs”, Kluwer Academic Publishers, 1998
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H. Veendrick, “Deep-Submicron CMOS ICs”, Kluwer Academic Publishers, 1998
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p+ guard ring n+ guard ring
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VSS VDD

n+ diffusion p+ diffusion
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A & B : 0.6 µm standard

C & D : 0.25 µm rad-tol

A B

C D

Area A
Area C

3.2

Area B
Area D

2.2

VDD [V]

Delay [ps]

Pwr [µW/MHz]

Area [µm2]

0.6 µm

3.3

114

1.34

162

0.25 µm

2

48

0.14

50

Inverter with F.O. = 1

K. Kloukinas
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Europractice IC Service 1999 - 5

UMC 0.25µ CMOS

W Base technology is the logic process (1 poly, 5 metal)

W Added with analog options
O high res poly
O capacitors : double poly or MM capacitors

Well formation Shallow-Trench (STI)

Isolation Shallow-Trench (STI)

Poly Gate N+, P+ Poly / Salicide

Gate Oxide 50 A

N/P MOS length 0.24 / 0.24 µ

Contact / Via size 0.32 / 0.4 µ

Vt N/P MOS 0.5 / -0.6 V

Idsat N/P MOS 620 / 280 µA/µm @ 2.5 V

Gate Delay/Stage 40/36 ps @ 2.5 V
Source : UMC



Europractice IC Service 1999 - 6

UMC 0.18µ CMOS - logic process

Key Process Features for the L180
Families
Technology Node : 0.18um
Core Voltage : 1.8V
I/O Voltages : 2.5V/3.3V
Poly/Metal Layer : 1P6M (max. 6 metals)
Substrate/Well formation : P-sub, Twin-Well
Isolation : Shallow Trench Isolation
Gate Oxide thickness : 35A/50A(2.5V I/O)/65A(3.3V I/O)
Silicide : Cobalt Salicide
ILD Planarization : HDP/PE-PSG (CMP)
Interconnect : W-plugs/Al metallization w/ top 2 layer Cu option
Passivation : HDP/PSG/PESIN with Polyimide option
Poly pitch : 0.46um
Metal Pitch: 0.52um for metal 1

0.56um for metal 2 to 5
0.88um for top metal

Speed
Ring Oscillator Delay : 27 ps
Leakage
Standby Current (Ioff norm) : 0.01 nA/um
Source : UMC



Europractice IC Service 1999 - 7

Multi Level Mask (MLM) techniques
reduce the high mask costs

W Standard mask set is very expensive
O Full mask with one mask per design layer
O 60 k$ @ 0.35µ CMOS . . .  300 k$ @ 0.18µ CMOS
O only possible for high volumes or “XXL” chips

W Multi Level Mask set
O 4 design layers per mask
O mask costs reduced by about 60%
O IC area limit : 9.5 x 9.5 mm
O ideal solution for

O prototyping of “L” chips
O pre-series

O Run start at any time

W Available for Alcatel Microelectronics +ESM

N-WELL ACTIVE

POLYP+

RETICLE (20 x 20 mm)
4 layers per reticle



Europractice IC Service 1999 - 8

Qualified Cell libraries and design kits are
key to success

W Libraries
O Standard cell library (digital and analog) from foundry
O Available for all technologies
O For UMC 0.25µ CMOS : third party libraries from Virtual

Silicon Technology

W Design kits
O for most of popular EUROPRACTICE software tools

O Cadence, Mentor Graphics, Synopsys, Tanner, …

O about 45 design kits

W FREE distribution by EUROPRACTICE on CD-ROM
O Customer signs NDA with IMEC and receives CD-ROM + key
O Layout stays at IMEC
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December 9, 1999 KLOUKINAS Kostas,  CERN  EP/MIC 18

Radiation Hardness Test

Test Conditions:
n Dose Rate: 29KRad/min

n Under bias (2.0V) during irradiation @ 25oC

Inverter Propagation Delay and Power Delay Product 
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Test Circuit: Ring Oscillator (1001 inverters)
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M. Ceschia, A. Paccagnella, A. Cester, A. Scarpa, and G. Ghidini, “Radiation Induced Leakage Current and Stress Induced Leakage Current in Ultra-Thin Gate
Oxides  NS-45, No. 6, pp.2375-2382, December 1998.
 M. Ceschia, A. Paccagnella, S. Sandrin, G. Ghidini, J. Wyss, M. Lavale, and O. Flament “Low Field Leakage Current and Soft Breakdown in Ultra-Thin Gate
Oxides After Heavy Ions, Electrons or X-ray Irradiation”, RDAECs 99
 L. Larcher, A. Paccagnella, M. Ceschia, and G. Ghidini “A Model of Radiation Induced Leakage Current (RILC) in Ultra-Thin Gate Oxides”, IEEE Transactions
on Nuclear Science, to be published

2 Non-catastrophic phenomena observed
•radiation induced leakage current RILC (TAT )
•Radiation induced Soft Burnout (heavy ions)
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L = 0.28 µm    GDI = 11.9 µS    GDO = 9.6 µS
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 1/f noise short n-channel

G. Anelli
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0 VddVTp Vdd-VTn

gds

Vdd=5V

0 VddVdd-VTn VTp

gds

Vdd=1.6V
ck

ck_b

Vin

SC circuits dynamic range
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• “2-input” inverter - gates disconnected
• Writing: load input FF, close inverters
• Storage: input FF biased by second FF
• SEU: no memory upset for one node upset

Patented by ST
Calin et, al.
NSS Vol43, Dec 96
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