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The stimulated ignition of latchup effects caused
by external radiation has so far proven to be a
hidden hazard for CMOS technologies
= 9
Here the latchup effect is proposed as a powerful
means of achieving the precise detection and
positioning of a broad range of particles
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What the “Latchup Effect” Is
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Traditional CMOS technologies
into radiation environments may be
susceptible and damaged by latchup |




Prototype design
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Prototype 1: circuit
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(Q2 = 2N2222A

2N3055)

TO-18 metal can TO-39 metal can TO-3 metal can
Estimated B-E Estimated B-E Estimated B-E
charge collection charge collection charge collection
area area area

10=-100 um? 100+10000 pm? 1 mm?
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Prototype 1: Spice simulation (Q2=2N3055)
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Prototype 1: Spice simulation (Q2=BFY52)
Temperature from 30 to 40°C
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Prototype 1: Construction (Q2=MJ21194)
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The latchup circuit inside the
box

Transistor Base-Emitter bondings of
the power bjt MJ21194
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Prototype 1: 1pC via day-light in a

Out signal

Transistor B-E
1pC-estimated
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Prototype 1 (Q2=BFY52)
3.3pC via pulse generator

Out signal
(2V/div)

Transistor base input

(5SmV/div)

| 108Vs divided by
the 3 kQ input’s

impedance of the
transistor returns

R 20ns (IOns/div) 33%x10-12C
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To date tests summary

Test with photons
= Tests in a dark room with an equivalent moonlight intensity: = fraction of 1 lux.

» By considering 100 um? of BE collection area, 0.1 as photon/collected electron
conversion factor and 1.5+3 eV/photon, it follows:

1 Lux = 10°° W/mm? = ~ 1pC collected charge

Test with as
= Tests in a dark room with 1 uCi, Am-241, 5.5 MeV a source: were negative!! BUT...
- 5.5 MeV a have 28 um stopping-range in Si (4 cm 1n air) and deposit 240 {C,
- BE implant depths ranges within a few um,

- 1.5+3 eV photons are absorbed in a fraction of um and set one electron free each

The prototype senses injected charges of the order of 1pC
Probably o particles induce too few charges within the BE area of the “COTS”
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Next Workplan

= 3th ) 2005: Tests under hevy ions via a ion implant machine
Tests under 100 KeV electron beam via a TEM

= 4t () 2005 : Start of a feasibility study for a detector construction made
of commercial transistors (Hopefully!!)

removed and
rebonded Si dies

PCB top/view PCB bottom view (from top)
transistor matrix related LED matrix

il
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CONCLUSIONS

By constructing an integrated silicon pixel detector based on latchup effect it
is expected to have the following features due to the technology scaling:

-Each cell retains the position of the crossing particle with a spatial
resolution of the order of 1 pum,

-Each cell, once ignited, can drive a relatively high current (=ImA)
sufficient to lit a micro-led; this leads to optical readout systems,

-The array may be designed via standard technologies (Bipolar, BiICMOS)
that are intrinsecally more radiation tolerant (p = 1 2 x cm) than those used
for solid state detector (p ~ 10°*4 QQ x cm)

APPLICATIONS

- Beam monitor for its intrinsic radiation hardness

- Ion (partcle) selector for the ignition threshold tuning
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