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Passivated Implanted

Plcmor Silicon (PIPS) Detectors

Features

e lon iImplanted contacts
» Si0z passivated

« Low leakage current

« Low noise

« Thin window

o Cleanable

» Bakeable to 100 °C

Description

Canberra’s new Passivated Implantad Planar Silican (PIPS) Detector is
8 product of modarn semliconductor technology. In most epplications,
this detector replaces silican surfaca barrier (SSB) detectors and dif-
fused junction (DJ) detectors, both of which are still made the sama
way they were made in 1960. The PIPS datector has a number of
advantages over SDB and DJ types:

Sl Cosler

1. All junction edges are buried - no epoxy edge sealant is
needed or used.

2. Contacts are lon-Implanted to form precise, thin, abrupt junc-
tions for good alpha resolutian.

3. Entrance window Is stable and rugged - it can ba cleaned
readily and rellably.

4. Leakagse curranl is typically V4o to Vo0 of that of SSB and DJ
delectors,

B. Dead layer (window) thickness is less than that of comparable
SDB or DJ detectors.

6. Slandard datectors are bakeable 10 100 °C — higher for specia)
models.

The PIPS Detector is fabricated by the planar process using photoli-
thographic techniques for defining davice geometries. Proprietary
lechniques are used to provide precise control of the oxide passiva-
tion, and ion-implantation Is used to form the sccurately controlled
junctions necessary for low reverse leakage currents and thin entrance
windows. The photolithographic technique lends itself to a8 wide vari-
ety of davice geometries including multielament rectangular and mi-
crostrip detectors. Resistivity of the uniform ion-implanted contact can

ta controlled accurately to produce position sensitive detectors. Low_ X
reverse leakage current translates into low naise contribution, anci

Spacial versions of the PIPS datectormake excellent room- tempera-
ture X -ray detactors.

Unhke SSB deteclors which have raw junction edges that ara epoxy
saalad to achieve some measura of stabllity, the PIPS detector junc-
tions are-all buried within the silicon wafer. There ara three major
advantages 1o this innovation: 1) The device stability is not dapandant
upon an epoxy sealant; 2) Thera is little risk of microplasma breskdown
which can afflict SSB detectors and 3) Leakage current is 8 small
fraction of that of SSB or DJ detectors.

The fsce contact (entrance window) of the PIPS detector is ion-im-
planted. Canberra has developed proprietary techniques for minimiz-
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ing window thicknass while retaining the ruggedness, raliability and
stability inharent in this type of contact. The PIPS detector has a
window that ig substantially thinner than conventional SSBs and far
thinner than any detector approeching itin ruggedness. A comparison
Is shown bélow:

Datector Window Thickness (eq. Si)
PIPS <500 A
SSB (Au Window) =800 A
SSB (Al Window) > 2000 A

This thin window not only improves typical resolution as normally
measurad but it exhibits an even greater improvement at close detec-
tor-source spacing which I8 necessary to achieve the high efficiency
required for low level alphs spectroscopy. The reason for this is very
simpla - at close detector-source spacing, peak broadening occurs
bacause many alphas enter the detector at an acuta angle — with a
resultant variation In energy loss (or straggling) in the anlrance win-
dow. With thinnar windows, less streggling occurs.

Since the PIPS datactor does not rely on delicate evaporated metallic
contacts as do SSB detectors, but rather & passivatad, implanted
surface, it can be touched by hand and cleaned readily with a cotton
ball dampened with acetone. This facility makes it possible to exploit
applications heretofore reserved to diffused junction detectars which
cannot compete with the PIPS in leakage curient, resolution or window
thicknass.
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PARTIALLY DEPLETED PIPS DETECTORS: SERIES PD

The PD series of PIPS detectors finds widespread application in
chargad pamcla spactroscopy. With sizes ranging from 25 mm? o
3000 mm? and thicknesses from 100 to 700 um, the PD serles Is
adaptable 1o a wide varlety of physics research and applied physics
experiments. Partially dapleted PIPS detactors are normally supplied
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with our Axial microdot connector {(model number
be ordered with an Axial BNC connactor (madel
Other connectors are available on special orde
illustrations). Specilal packagas and configuratio
as ara bare chipe for use in customer designed an
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suffix -AM) but can
number suffix -AB).
ey
r at extra cost [sae
ns are also available
d fabricated systems.

FULLY DEPLETED PLANAR PIPS DETECTORS SERIES FD

The FD series of PIPS datactors are used in particle idantificatlon,
detector telescopes and in other de/dx measurements. They are par-
ticularly good in thickness uniformity, 1 to 2 um for small active areas
and 2 1o 4 pm for areas up to 3000 mm?2, FD PIPS detectors are cut
off-axis to reduce the effects of lon- channelmg The FD series are

normally supplled In a transmissian mount with a radial microdot

on special versions.

FULLY DEPLETED PIPS DETECTORS SERIES: FD
THICKNESS| 300 microns $00 microns 700 microns ¢
Active Resalutlon Mods!} No. Resolution Model No. Resolution Model No.
Ares keV (FWHM) keV (FWHM) koV (FWHM)
mm | o B o P « B
60 1S ;] FDB0O-15-300RM 15 6 FDS0-15-500RM 14 L) FD50-14-700RM
18 8 FDS0-16-300RM 16 a FD50-16-500RM 16 7 FD 50-16-700 RM
150 16 B FD160-16-300RM 18 <] FD150-16-500RM 16 7 | FD150-15.700RM
18 10 FD150-18-300RM 18 10 FD150-18-500RM 17 9 FO150-17-700RM
300 18 11 FD300-18-300AM 17 10 FD300-17-500RM 1?7 10 F0300-17-700RM
20 14 FD300-20-300RM 18 13 FD300-19-600RM 19 13 FD300-19-700RM
450 22 15 FD450-22-300RM 21 14 FD450-21-500RM 20 13 FD450-20-700RM
29 17 FDA450-24-300RM 23 16 FD450-23-500AM 22 15 FD450-22-700RM
600 24 18 FD600-24-300RM 24 17 FD600-24-500RM 23 16 FD600-23-700RM
28 21 FD600-28-300RM 27 20 FD600-27-500RM 26 19 FD600-29-700RM
900 29 22 F0900-28-300RM 28 21 FD900-28-500 RM 27 20 FDY0D-27-700RM
33 26 FDB900-33.300RM 32 25 FD900-32-500RM 31 24 | FD90D-31-700RM

* Consult factory for availability.

PARTIALLY DEPLETED PJPS DETECTORS SERIES: PD
Thickness 100 micronw 300 microna 500 mlcrons 700 microns ¢
Active | Resolution Resolution Resolution Resolutlan e
Area |keV (FWHM) Model No. keV (FWHM) Model No. keV {(FWHM) Maodel No, ksV (FWHM) Modal No.
mm2 3 ] @ B a p 3 B
26 12 6 | PD25-12-100AM 1 5 | PD2S-11-300AM 10 4 | PD25-10-S00AM 10 4 | PD25-10-700AM
e (* 14 8 | PD25-14-100AM 13 7 | PD25-13-300AM 12 6 | PD25-12-500AM 12 6 | PD25-12-700AM
'60 | 1276 |PDS50-12-100AM 11 S | PD50-11-300AM 1 5 | PDSD-11-500AM 1 § |PD50-11.700AM !
14 8 | PDS0-14-100AM 13 7 | PDS0-13-300AM 13 7 | PD50-13-500AM 13 7 | PDS0.13-700AM |
100 12 7 PD100—13 100AM 12 6 : PD100-12-300AM 12 6 | PD100-12-500AM 12 6 | PD100-12-700AM ‘
16 9 |\ PD100- LS_‘!EOf@/I 14 8 | PD100-14-300AM 14 8 | PD100-14-500AM 14 8 | PD100-14.700AM )
150 14 9 | PD150-14-100AM 13 8 | PD150-13-300AM 12 7 | PD150-12-500AM 12 7 | PD150-12-700AM
18 10 | PD160-16-100AM 15 8 | PD150-15-300AM 14 9 | PD150-14-500AM 14 9 | PD150-14-700AM
300 16 11 | PD300-16-100AM 15 10 | PD300-15-300AM 14 9 | PD300-14-500AM 14 9 | PD300-14-700AM
19 14 | PD300-18-100AM 18 13 | PD300-18-300AM 17 12 | PD300-17-500AM 17 12 | PD300-17-700AM
450 17 12 | PD460-17-100AM 16 11 | PD450-16-300AM 15 10 | PD450-15-500AM 15 10 | PD450-15-70CAM
21 16 | PD460-21-100AM 20 15 | PD450-20-300AM 19 14 | PO450-19-500AM 19 14 | PD450-19-700AM
600 22 17 | PD600:-22-100AM 21 16 | PD600-21-300AM 20 15 | PD600-20-500AM 19 14 | PD800-13-700AM
24 19 | PDB00-24-100AM 23 18 | PD600-23-300AM 22 17 | PDE00D-22-500AM 22 17 | PD600-22.700AM
900 27 22 | PDY00-27-100AM 25 20 | PDB00-25-300AM 23 18 | PD900-23-500AM 22 17 | PD900-22-700AM
33 28 |PDS00-33-100AM 30 25 | PO900-30-300AM 28 23 | PDS00-28-500AM 27 22 | PD900-27-700AM
1200 35 30 |PD1200-35-100AM 30 1t , 25 | PD2100-30-300AM 28 . 23, »@Bmoo 28-500AM 27 22 | PD1200-27-7C0AM
\ ‘ ~»0| 42 37 |PD1200-42. 100AM\ 37 | /32’ PD1200-37i300AM'? sl 30,, PD]ZOO 35 SOOAM“ 33 28 | PD1200-33-700AM
2000 50 45 | PD2000-60-100AM 40 35 | PD2000-40-300AM 35 30 PDZOOO 35-S00AM. | 33 28 | PO2000-33.700AM
<oy 58 B3 PDZOOO 58- 100AM« 48 116 % ‘,LFDZDOO dB 300AM" o a3 38’ PDZOOO 43- SOOAM oan 36 PD2000-41.700AM
3000 60 58S PD3000-60 100AM 55 50 | P03000- 55730QAM 50 7‘*45 PDBQDD-SO-SOOAM 48 a3 | PD3000-48-700AM
70 66 | PD3000-70-100AM 85 60}4 PD3000-65-300AM)} i 60 55 PDSDOO 60- SOOAIW’ 58 63 ( PD3000-58-700AM
JHet, o e i
5000 75 70 | PD5000-75-300AM — <
85 80 | PD5000-85-300AM -(%530 ) \ { ’
e

connector (mode! number suffix -RM). Resolution is conservatively
specified with alpha particlas entering throu

h tha rear contact which

has an antrance window thickness of 1500 A. The rasolution through
front contact, with a thickness of 500 A, is generally belter. If Liming
resolution is of utmost impontance, consult the factory for information
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ALPHA PIPS DETECTORS: SERIES A

* The A series of PIPS detectors Is optimized for high resolution, high
sensitivity, and low background alpha spectroscopy. The thin window
of the PIPS detector provides enhanced resolution with the close
detector-source spacing needed for high efficiency. The low leakage
currenthelps minimize peak shift with temparature variation. Detectors
in the A-PIPS serles are fabricated with specially designed and selectad
packaging materials which reduce alphe background and are proc-
essed and tested in low background conditions to avoid contamination
from alpha-emitting radionuclides. Because of these measures, the
background count rate for A-series PIPS detectors is typically less than
0.08 counts/hr./em? In the energy range of 3 1o 8 MeV. Alpha PIPS
detectors have a minimum active thickness of greater than 140 um
which is sufficient for full absorption of alpha particles of up 1o 15 MeV.

ALPHA PIPS DETECTORS
Actlve Alpha Typical Model
Ares {mm? Resolution Background Number
keV {counts/day)
300 17 4 A300-17AM
19 4 A300-19AM
450 18 [ A450-18AM
20 6 A450-20AM
600 23 8 AB00-23AM
25 8 A600-25AM
900 25 12 A900-25AM
30 12 A900-30AM
1200 30 18 A1200-30AM
37 16 A1200-37AM

Resolution is given for 2'Am, 5486 MeV alphas, using standard
Canberra electronics and 0.5 us shaping time constant.

Belaresolutionis 5 keV less than Alpha resolution, and is approximated
by pulser line width,

A series detectors are normally supplied with axial microdot connector
(model number suffix AM).

CAM PIPS DETECTORS: SERIES CAM

The Canberrs CAM PIPS delector Is a spaclal version of the standard
PIPS detector which has features that are very imporant in applica-
tions involving the measurement of Alpha (and Beta) particles from
filters associated with continuous alr monitors. The same device i
ideal for measuring filter samples off-line. The CAM PIPS detector has
aluminum and varnish coatings on the front surface. The aluminum
coating, which is 0.5 umn thick, is sufficiently light-tight to allow opera-
tion of the detector in ambient light, The varnish coating, which is 1.0
um thick, provides mechanical protection for the aluminum and abra-
sion and solvent resislance as well. For convenience and cost savings
the CAM PIPS detector is designed to operate with + 15to + 24V bias.
This means that, for most systems, na H.V. bias supply is required. The
delector operates from the dc¢ voltage that is normally available to
power lhe electronics in the system, For alphas, the detectors can
operate with bias voltage as low as 15 V. With 70 V bias, the beta
threshold {noise) is reduced 10 the levels indicated in tha table.
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BETA PIPS DETECTORS: SERIES B

The B series of PIPS detactors is optimized for beta counting and
electron spectroscopy. The naturally-thin entrance window of the PIPS
detector provides little attenuation for even weak betas but the B-PIPS
is especlally good in this application because of the extra thickness snd
low noise of this serles. The minimum thickness of B-PIPS delectors ig
475 pm. Furthermore, these datectors are cut off-axls to minimize
channelling effects. The B-saries PIPS detectors are selected for low
nolsa In order to: maximize the realizable efficiency for low energy
betas, and to provide good rasolution for conversion electrons. Since
the minimum discriminator leve) (below which noise counts are exces.-
sive) is about 2.5-3 times tha noise measured in (keV) FWMM, the low
noise of the B-PIPS Is extremely important in helping resolve true beta
counts from system noise counts.

BETA PIPS DETECTORS
Active Beta [elsctron) Beta Modael
[ Area Resalution Threshold Number
Y kaV (FWHM) {keV)
50 6 18 B50AM
100 7 21 8100AM
300 1 33 B300AM
450 12 36 B450AM
600 16 48 B8600AM
900 20 60 B8900AM
1200 25 75 B1200AM

Resolution and threshold are measured using standard Canberra elec-
tronics with amplifiar time constants between 0.5 and 2 HS.

Elactron resolution is approximated by pulser width FWHM. Alpha
resolution is 5 keV (FWHM) worse than Beta resolution.

8 series detectors are normally suppllad with axial microdot conpec.
tors (model number sufflx AM),

CAM PIPS DETECTORS
Resolution Beta
Actlve {keV) Det. Bias | Threshold Model
Area (mm?)iAlpha Beta| (Pasitive) (koV) Number
300 36 15-24V CAM 300AM
33 15 70V 45
450 38 15-24 v CAM 450AM
34 17 0V 51
490 39 15-24 V CAM 430AM
35 18 0V 54 .
600 42 15-24 V CAM 800AM
37 20 70V 60
900 45 15-24 ¥V CAM 900AM
39 22 70V €6
1200 55 15-24 vV CAM 1200AM
45 25 oV 75
1700 70 15-24 V CAM 1700AM
55 30 70V 90
2000 80 15-24 V CAM 2000AM
65 37 o0V 10

Resolution Is given for #Am, 5486 MeV alphas, using standard
Canberra electronics and 0.5 ps shaping time constant.
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photolithographic process which Is used to define device geome- Some of the varlety in custom designed PIPS d isi i
> allows Canberra to fabricate detectors of vinually any shape with the following imiges. Consult thegfacmry or séeuit?;scg ls"aulzga:}::rgz
ensions approaching 90 mm diameter. The ion-Implantation proc- sentative with your requirements If they cannot be met with the
‘ends itself to the production of strips or resjstive contacts which standard product.
-2 possible posltion sensitive detectors. Since our PIPS detectors

intrinsically passivated, no epoxy edge encapsulation is neadsd

the basic PIPS chip ean be efficiently packaged in space saving

‘igurations by Canberra or by end-users.
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Doéactcr Active Axial Radlal Axiad Adal
iz Dlamater X X :
(mmqk) (mm) (mm) (mm) (m) (Sn?ﬁNfAB)
25 5.7 16.7 18.4
7.1 50 |w——
50 8.0 16.7 19.4 — ’_‘ ' =] 150
100 1.3 23.6 26.1 T ,
150 13.8 236 26.1 X 3[] X I[H]
200 16.0 28.6 31.6 _L _L
300 19.5 28.6 31.6 {23 pem Ty YT
a50 23.9 32.0 34.8 '
Axlal
430 25.0 33.4 N.A. el Poda
600 27.6 36.1 38.4 (Suflix-ABM) (Suffix-RM)
900 33.9 45.2 50.0 &
1200 39.1 48.8 53.0 }-—2&7-‘1 83
1700 46.5 59.0 N.A. T T 4
2000 50.0 65.5 70.0 M X
3000 61.8 76.2 80.0 _L l
5000 79.8 4.0 | N.A. o oy D L e




