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Abstract
• A conamercial application of particle identificaticm meth()ds commonly used in

high-energy physics research has been develc, ped for single-event testing of microelec-

• tmnics. The Model 5(K)5-'I'F Single-Event Test Fixture can be u¢_ed to substantially
reduce the [)arts; qualilication testing costs fl)r many space satellite sysems.
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Advanced Development of the
' Spectrum Sciences Model 5005-TF,
. Single-Event Test Fixture

1. General Information acterization of the SA3240 exceeded $100,000, Ac-
cording to the ,Jet Propulsion I,aboratory, the indus-

This report summarizes the advanced deveh)p- try average ranges from $30,000 to $50,000 for a

ment oF ttle Spectrum Sciences Model 5005-TF, previously uncharacterized part type. 1 Table 1 gives
Single-Event 'Pest Fixture. The Model 5005-TF uses a the L()ckheed Corporation's current estimate of the

Californium-252 _Cf-252) fission-fragment source to cost ofa complete single-event characterization of a
test integrated circuits and other devices for the radiation-hardened memory device. Single-eventtests
effects of single-event phenomena. Particle identifi- using Cf-252 fission fragments are much less expen-
cation methods commonly used in high-energy phys- sive and more convenient than accelerator testing.
ics research and nuclear engineering have been incof However, it is necessary to address the risks associ-
porated into the Model 5005-TF for estimating the ated with the range of LET and the limited depth of
particle charge, mass, and energy parameters. All penetration of fission fragments in microelectrenics
single-event phenomena observed in a device under materials.
test (I)UT) are correlated with an identified fission

fragment, and its linear energy transfer (LET) and Table 1. The Lockheed Corporation's

range in the semiconductor material of the DUT. Estimate of the Cost of a Complete
The develot)ment of the Model _,,_r. _,_,OUU,)- lP was

accomplished as a technoh)gy transfer activity. The Single-Event Characterization of a
Federal '['echnology Transfer Aet of 1986 delegates Radiation-Hardened Memory Device
aut,hority t() the directors of the national laboratories BNL Tandem Facility at $425/hr
to enter into cooperative agreements with the private reduced rate $ 25,500

business sector. Commercialization of taxpayer- Labor at $77/hr 24,486

financed technology is permitted under the Bayh- Travel and expenses for tw() people 3,140

Dole Act (ff 1980. This law permits small business Equipment shipping expense _' )
ownership, subject to certain limitations, of new prod- Total $ 56,126
ucts and new processes developed under technology
transfer agreements.

The purpose ()la test and evaluation activity is t()
detect defects in the artMe being tested. When test

1.1 Introduction data are used in decision making, tw(.) types ()I'error
Single-event testing of micr()electronics at cyclo., can ()tour. A Type I error is the incorrect conclusion

tron and tandem Van de Graaff accelerators is very that a defect has been detected. Type I errors impact.
expensive. Depending on the number of test condi- project costs and schedules by convincil, g the pro-
tions (for example, number ()f parts tr) be tested, angle gram management that costly corrective action is
of incidence, number of ion beams used, temperature, required when no defect was really present. In gen-
bias, total dose, and decoupling resistance in eral, it is import.ant to guard against Type l errorsiI'
hardened-static rnemorie.,_), the cost for a single-event the parts being tested are expensive.
characterizathm of a single-part type ranges from The failure to detect a defect is a Type II err(_r.

' $10,000 to $100,000. For example, the cost ()f obtain- Type II errors reduce the reliability of satellil,c sys-

ing a simple cr()ss section versu'_ LET curve for a ('ew terns })y convincing the l)r(_gram management that n()
samI)les ()t' the Sandia SA3240 CMOS SRAM was defect exists when one will actually be seen in Sl)aCe.

' typically $1(),000 for tests perf()rmed at, the Berkeley Most, of the err()rs that can result i'r()m using t'issi(m
88-in. cych_tron. The t(_tal cost of the complete char- fragments for single-event tests are Type II. They can



be caused by the limited penetration depth of the sit,e and training for the system users. This amount
fragments in microelectrtmics materials leading to can easily be spent for characterizing a few part types
false conclusions of single-event immunity, or under- at, a cyclotron or tandem Van de Graaff accelerator.
estimating the single-.event rate in space by underes- The t)perating costs t)I' the Model 5005-TF are insig- I

timating the cross section. They can also be caused by nificant compared t() the $600/hr rate t)f acceleratt_rs.
the rapid decrease in I,ET with depth ()f penetrati(m, The Model 5005-TF may be co-located with auto-

thereby overestimating the I,ET threshold and un- matic test equipment that is tc)() large or tot) expen- •
derestimating the single-event rate in space. Depth- sive to _ransport to an accelerator.
of-penet,ration issues are generally becoming less lm- The principal disadvantage in operating the
portant in the new, integrated-circuit technologies. Model 5005-TF is the low-flux rates thai, must be

The prohat_ility of making a Type II error can be used. (This is, hc_wever, a very good way to conduct
reduced. Correctly estimating the thicknesses of the dynamic tests of switched parts such as microproces-

nonparticipating cover layers of the DUT, and the sots,) Since the fission-fragment parameters are tor-
subsequent depth over which charge collection will related with single events, the DUT must he checked
occur (keeping in mind that conservat, ive estimates t'or single events after the arrival of each fission
may lead to Type I errors) can reduce error prohabil- fragment and before the next fission fragment arrives.
ity. Further, the impact of Type II errors may not be Thus a test time of a week (depending on the time it
very significant in fault-tolerant systems. For such takes to examine l_he DUT for single events) may he
systems, Ct'-252 fission-fragments may be used to required to accurately accumulate the cross section
provide the bulk, if not all, of the single-event suscep- vs. LET curve. Thus, approximately 50 part types
tibility data required. The system design strategy may be characterized per year with a single Model
would be to identify and eliminate most of the single- 5005-TF. This is, however, the equivalent of $5(/0,000
event problems using Cf-252 tests. To rely on hard- to $5,000,000 of single-event testing at an accelerator.
ware and software fault tolerance would handle the

rest. Such an approach is currently used in miniature 1.2 Purpose of the Model
satellites or "cheapsats."

In keeping with good engineering pl _ctic'e, it is 5005-TF
necessary to minimize the following: The Model 5005-TF can identify the Cf-252

fission fragment that causes a single event to occur in

Total cost - probability of a Type I error a DUT. This is accomplished by a two-i)arameter
× consequences of a Type I error method of particle identification. (A three-parameter

+ probability of a Type II error method c()uld als() be implemented by the additi(m ()f
X consequences t)fa Tyl)e II error anc)ther channel to the pulse-height ADC.) The sur-

+ testing costs. (1) face, average effective, and exit LET values for a
buried layer of semiconductt)r material are calculated

Single..event test:ing using Cf-252 fission fragments as for the user by the Model 5005-TF software, The
the radiation source will minimize the total cost ot'a Model 5005-TF is designed to measure the LET
test and evaluation activity. This radiation source will values with a precisi¢m of al, least 1 MeV-cm"/rng. The

minimize costs ii' the consequences of Tyl)e I and accuracy of the I, ET measl_rement,_ will depend pri-
Type II errors are not significant enough to merit the marily on how well the user can specify the depth and
more expensive accelerator testing. For satellite sys- thickness of the active buried layer. The total crc_ss

terns in which the consequences of Type I and Type II section vs. I,ET curves are displayed as the single-
errors are perceived to be very significant, Cf-252 event data accumulates.
testing as an initial parts screen before accelerator

testing may still ,'educe the total cost. 1.3 General Description
Cf-252 test.ing can also minimize the total (:()st:(_t'

developing single-event hardc_ned microele, ctronics by of The Model ,)0( ,1- l l_, shown iii Figure l c,,nsists
providing a very convenient and low-cost method of
characterizing pr(_cess iterations. Here, the device 1. A borated l)c_lyethylene neutron shield. "
process parameters are readily available for reducing 2. A (;t'-252 source holder and linear-motion
the prohahilitie,_ _t' Type I and 'l'ype II errors, adjustment.

B

The Model 5005-TFcan be purchased from Spec- 3. Two l)hot(m_ultil)lier tubes (I'M'Fs) with
trum Sciences for $125,000. The purchase price in- ultra-thin scintillators (l-_m-thick B(: 400
eludes a turnkey system installed at the customer's plastic foils).

1()



4. A rotation and translation mechanism for 7. A vacuum controller.

mounting of the DUT. 8. A t,urbo-molecular purnl)ing system.

5. An internal elec.trical connection vacuum Items 1. through 5 are housed in a vacuum chamber.

0 feedthrough plate. An IBM PC-compatible data-acquisition ,_yst.em is
6. The particle idemificati(m electronics, als() included.

$

a. Photo

Figure 1. The M()del 5005-TF Single-Event Test Fixture (c()ntinued)
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1. A borated polyethylene neutron shield.

'_. A Cf-252 source holder and linear-motion adjustment.
3. Two photomultiplier tubes (PM'rs) with ultra-thin scintillators (1-_m-thiek BC 40() plastic

foils).

4. A rotation and translation mechanism for mounting of the DLIT.
5. An internal electrical connection vaeuum feedthrough plate.
6. The particle identification electronics.
T. A vacuum controller.

8. A turbo-molecular pumping system.

b. I)ra.win_
0

Figure 1. C,(m('luded.
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t.4_ach Model 5I)(),r>-'l_t*' \'actium chamber is ....Average energy at,l,enuati<m by,,',cinLillat,ors:
semicustc_m-designed tc>suit t he user's req uirements, light fragment, 7",_, heavy fragment 9'7,.
'I'he l.yl)e of pumping system and t,he number of' ----Efl'iciency of particle detect, ion: 100% f'_rf'is-

. vac.uunl t'eedihroughs are just a few _>f'lh¢_ opli<ms. Mim i'ragmenl,s, metal alpha part, icles dei,ec.i,ed.
'Phe !url_-molectllar ,.,umping s:vstem can achieve ---S_>.lrce activiLv: calihrat,i<m 1 _(,_, tesi, 50 t_Ci.

• )-r 3high-vac.uun_ levels in less than 10 rain. The 1)I,I'I_ .....Maximum fission fragmen_ f'ltlx on I)t ] (aL
, r¢_tati<>nand t,r,t.l'lslatioll l'llechal'liSll_ call pcm il,ion t,he 10 c,m): 1000/(m'2-s.

• - I (., I)MA c_/cle t,ime: -<50/._s.I)LIT for any p_msihle angle <>t'incidence (subiect to IBM > -'
depth-_ff-penetrat,ion limit,at, ions). The source holder --Maximum dead t,ime: ,rS<',,.

.... " jr_ .._ Oalh>ws mc,ving the source relative to the I)U'P for I)t I angles of incidence: 90 ° + 0.5 (limit, ed
separations of 10 t,o ;_'_ cm (for the tAme-of-flight, by I)UT packaging).

"IX)F, measurements) down t,o <,5 mm (when a high- --I)U_P rot,ation in perpendicular l:ilane: 360 °,
flux rat,e is required). When the system is not, in use, --Maximunl DUT mount,ing-card size: 12 in.
the Californium source is housed in the borat, ed diagonal.
pcdyethylene shield. 'Phe entire syst, em is mount, cd on

a cart for relocation ease. 1.5 Limitations

The Model 5005-TF uses the wide range of ion
1.4 Features and Specifications species and particle energies pr<>ducect by Cf-252

• Feat, ures sources to characterize the single-event susceptibility
,> • of microelectronics devices. However, ii' the device--C,t nvement and low-ct)sf single:event, l;est

capability, tested does not upset when exposed to the fission
--Meets ali the requirement, s of ASTM Fl192.. fragments, then take care in drawing conclusions

88. about single-event, rates and use of the part in space-

---[{adiatit>n safet, y designed int, o the system, craft.
.....Self-calibrati<m feature. The fission of Cf-252 produces particles with

--Precise partic:le identification, energies <1. MeV/amu. With these nonrelativistic
--User-friendly software, heavy ions, the thicknesses of t,he cover layers and
-Calculates t,he particle I_ErI ' in buried layers, charge collection v<>lume must, be estimated aecu-
--Displays the t,<>tal device cross section vs. rarely to scale the LET as a t'unct, ion of the incident

IA.U1_ curve as the single-event data accumu- angle. Figures 2a and 2b show the maximum average-
lat,es. effective LET at, 0° and 60 ° incidence l;hat can be

-Syst, em is complet;ely mobile, achieved by the Model 5005-TF in silicon collection
--Dual axis I)UT rotaLion, volumes 2 to 10 pm t,hick, with passivat, ion overlayers
....Ali I)[lq' and source movement, s are external 2 t,o 10 _m thick, These effective LET estimates

inch:Me the energy att, ent:uation by the gold encapsu-and can I>e performed under vacuum.

- Viewp<>rt for viewing the internal setup, lat, ion (50/2g/cm"') of large Cf-252 sources, and the two
-Many user-selectable opt, ions such as the type l-#m-thick scintillation foils.

and number <>felectrical ['eedthr<)ughs. Current, Air Force goals for managing single-event
• St)ecificati<ms upset (SEU) suscept, ibility in t'ul;ure sal,ellit,e sysl,ems

•-Dimensi<ms: length 78 ,n., widt, h o_,.,,> in,, are three-f<>ld: (1) the devices must, not, be vulnerable
height, 67 in. to upset by protons, (2) t,he SEU rate in t,he 10"

....Vacuum chamber dimensions: length 48 in., worst-case geosynchronous ,nvironment must be
width :_:l in,, heighl, ;]3 in. <lE-7 errors per bit-day t'c,_' , <gh-speed devices of
q, - , unspecified hardness and (3) the _wlr rat,e in the--, ot,a_ weighl,: ,50()lb. , .........

....Power requirements: 20 A, 120 Vat:. 10% worst,-case geosynchron<_us environment, must
-Vent gas: dry nitrc_gen (opt, i<m,al). be <--'lE-l() errors per bit-day for special radiation-
--'IPen-minute puml)-down time. hardened devices.

• ....Vacu_m levels I,(_<:15_ _E-o t,orr.
.....l)isl,ance t'_r 'l_OFs: 10 i,_>40 cre.

.....Scint,illati_m foil Lhickness: ----1 /am
' (10() #g/cm2).
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Protons do not directlY produce upsets ill micro- LET is obtained by the selection of an appropriate
electronics devices. They deposit energy via a nuclear angle of incidence and the use of degrading foils for
interaction between the proton and a nucleus of the thin devices, Therefore, the Model _- _"_'auua-lr can be

semiconductor material. When charged secondary used to dem(mstrate the first Air Force goal for
' particles created by the nuclear reaction pass through single-event hardness {'or these combinations of

the collection volume, a single event can occur. The passivation and buried layer thicknesses.
maximum LET a reaction product can have (a silicon The event rate in space is a functi(m of t,he
ion) in silicon is 15 MeV-cm2/mg. Therefore, ii' the threshold LET and the saturation cross section of the
device has a threshold LET greater than 15 MeV-cme/ microelectronic device. Figure 4 shows the upset rate
rag, then the device will notbe vulnerab!e to proton- in the ]0!!/, worst-c,ase geosynchronous environment
induced single events, for a 100-pm2/bit cross section and a threshold LET

Figure 3 shows the heavy-ion upset parameters equal to the maximum average-effective LET given in
(threshold LET vs. saturation cross section) taken by Figure 2. As seen, the Model 5005-TF will meet the
the Jet Propulsion Laboratory for bipolar devices, second Air Force goal (<lE-7 errors per bit-day) with
Data taken at the Los Alamos Ion-Beam Facility for the appropriate choice of angle of incidence for all of
recent MO_.I_E I devices are als() shown. No proton the combinations of cover layer and collection w)lume
upsets are observed in these devices for LET thresh- thicknesses shown. Ii' the per-bit cross section is < 100
olds >8 MeV-cm_/mg. Figure 2 shows that an _m _, it is even possible to meet the third Air Force
average-effective LET of 15 MeV-cm_/mg can be goal (<lE-10 errors per bit-day) for devices that, have
obtained for ali the combinations of cover layer and thin cover layers and moderately thick collection
collection volume thicknesses. This average-effective volumes.

-f

10"" II ' I ' I ' Protons:

F lm Upset

C] l--INo Upset

325i2 CPU10 "2 HS-8OC86RHMASK3582 -E
-" - Bi [-I
E B D
O -

_3C
10 - D HS-6514RH --'-

,_ _

_ -- _

e_

¢o -4 -7 32,_2381FPUu_ 10 ._INSL_J0
tj - [B

U.I -

10-5 --

- D

10"6 , __.J_s___l l I I
' 0.0 10.0 20.0 30.0 40.0

Threshold LET (MeV-cm2/mg)
$

Figure3. Coml)aris(mofheavy-iont()pr(_t(m-inducedsing,l_:_-eventupsets.
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c_>smic-ray envir_mment.,
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I }lt. Air Fen'ce ge,als are w_rst case ill the sense Pumping System.

that a satellite may n¢_ need [o survive the li)', 1, Piace the turbo pump with the guard screen/
worst-case ge_,s3"mqlrcmous environment, b'_,_rexam- O-.ring (Figure 5t between the pump and the
ple, the satellite may benefil fn)|n ge<m_agnetic shield- bottor,'l of the chamber.

o ing and the earth's ._ha&>w in a low-altitude and
2. Secure with the half-claml)s and baits. Do notl(_w-in('linaticm ¢_rl)it. b'_r such an orbit, emc would

expect the single-e_ent rate specification to he less lighten the clamps yet.
,- sl ressing than lhc lE-7 ern_rs per bit-day Air F()rce 3. Piace the roughing pump ()rr the t)()t.tom shell'

g(_al. 'I'hen a . (.t error, e,_ of rat upper bounds similar of the syst, e,n (.'.art if the exhaust port on the
to Figure 4 wcmld need to be calculated fnr the pump is vented to an outside exhaust hood.

specific satellite environment _.o determine the suit- ,l, II' the oil-mist eliminator is used, then place
ability _f' the M¢_(tel 5005-Tb" for piece-part qualif'ica- the pump Ofl the f'loor next to the system.

tc. ling. 5. Whether the pump is hmated on the cart <_r
the floor, position the si.lver t'lange on the
turbo pump 1o face the r<mghing 1)ump.2. Installation G. Secure the turb_>puml, clamps starting with
one side, then ro(we to the c_pposite side.

2.1 General 7. Continue this procedure until the pump is
The M_del .",()05-']'F ,_lngle-[went I est Fixture evenly secured tx_the chamber.

sh()uld be installed hy Spectrum Sciences. If the 8. llsing the 40-in. flexible hose (Figure 6)con-
syslem is dismantled and relocated, _l_e f_dl(,wing is a neel the lurb(_ l)Uml) t.o the roughing pump
brief synopsis on how t_ install the >ystem. with the O-rings and clamps. The pumping

system is now installed.

2.2 Unpacking   ere,.,,, thealctel va,,,,umPr,,duc .s,,wn-
The system is shil)ped in three crates and aPI)rex- er's manual for additional instructi{.ms.

imately l'_mr cardboard t)_xes. The largest crate _
h_mses the system carl and nuclear instrumentation 1(}. Now connect the cables from the tur]_o l;)ump

" . " to the rack-mounled controller (Figure 7)m_dules IN1MI electra,nits. The rlext size crate c(m-
rains the vacuum chamber, and the smallest crate

conlains the r_ughing pump. After inspectinl,_ ali
packat,'es t,.n"damage,

1. tlern(_ve ali ilems fn_m c_,mlainers (b(_th crates 0 a_......
and M_xes), arm ' : '_'_

If any i_em is damaged, c_mlact Sl;)ectrum S('iences
immediately.

2.3 System ,Setup/'and ......... ......

Preparation for Use
The picture._, in this s.ecti_m will assist ,v<>uin lhc _ =

setup of the Model 5(1()5-"I'F Single-Ii;vent 'Pest f .......:'_ _':.-_:'_:_!

Vacuum Chamber.

" 1. Piace the chamber <m the system carl and Figure 5. Alcatel Model ,540() turbo pump with the
: t)¢,sitim_ the feel lo line up with the [¢,t=r ]udes guard screen/()-ring seal and half-clamps

in the top _t' the cart.
Iit =

'2. Secure lhc chamt)er 1_ the carl with the

:{1"_,-16tndts.
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5. I)o not t'orl4eI to ctmne('l lhc _reen Kr.und
wire to one of tile feet (m the ])(_tt(ml of the
chain ber.

Figure I i shows tile vacuum gauges properly installed
and cahled.

...... .<3 .:.

Figure 6. ricx_)ie hose (4()in ]()n_) used tc) ce)line('<
the ttirt)(_ l)Uml) lc) tile r(iughiri.u, pump _

Figure 8. Vacutirri _ati_es. (a)(Tc)ll\'eclr()ll tut)e

....._, (right) i:il.1(t i{)ll I.{au_e (leftl (1_) cal)le,_
. _.... "47.. ,lllll_ _._

_? ". .,%,, ,_.,

i: _ ii

Figure 7, Catlie,_ cl,_odl(_ t._ll]necl the ltirt)_ pr.imp t(i :_.:._
t.hc rack-lrl(mi-ited c()ntr'_ller

Vacuum Gauges. 'l'he (',ranvillo l>hilil),_ ((',Pl {_.,.
va.ctltll-i-i-_atllse c'ontr(lller sh(_uld alr_-,ad!,."he nlotil_ted _ ..... "_
iri lhe s\'slem carl rack.

1. Install l.he ('(li-ivecti(nl tuhe and lhe i(m t(_tt.l_(_>
(Pigtlre _.) (iii the I!lira 'l'(_rr tiltin_,_ l(_c'ated

lt

<mthe back (_I the chan_lier (Fi_,,ure 9). Figure 9. {..lllra Torr i'ittinf_s (m the t)ack side (d' the
2. 'l'igi_len the fittings !;;c>lhey will i]_l ]eak. va(:iltllll c,hamt)er (riltht)
3, II_stall the (.'al;ilint_(Fil.(ure 1(.)1('r(llrTltile va(.'-

tlt.lll'i l_}t.tlt(('S tc) li'i(: back (H'lh(-' (;P c()ntroller, i
,4. ]tef'er t() llie (ii) (Jx:,'J}er's lllantla] t'(ir lho

iJr_per prot"ed tj ro.



1. Loosen the clamps with an Allen wrench and
slide the tubes into their holders.

'2. Nmr piace the scir_tillators on the top of the.
T)'R 4rl_

. .t wt .ts, (Use a small amcmnt of optical grease
between the PMT glass surface and the ultra-
violet (UV)-tran,,mfilting lucite plastic t.o

_ .

,. ..:_.:.._ _._. achieve a good optical c(mnecti_m.)
] ]l'_ ___ 'L Positi_m the PMT in the holder so the source

" "_ holder, the scintillators, and the l)I.l"l' mount

are ali in alignment.

4. Tighten the clamps (m the PMTs just en()ugh
to hold them securely .....do not _)vertighten!

Figure 10. Cables for vacuum gauges

_.,

...._ .... _; Figure 12. Clamp holder and slide rack used t,o
position the photomultiplier tubes

Figure 11. Convectron tube and ion gauge, installed
and cabled

Cab/es. Cabling the system is the .last, step. Ali coax
Photomultiplier Tubes and Scintillators. The cables supplied with the system are labeled with
photomultiplier tubes (PMTs) are held by a clamp tie-wrap tags and should be the prol)er length. Refer
holder and mounted on a slide track allowing the to the "system wiring diagram" (Figure 13) for assis-
distance between them to be varied (Figure 12). tance in cabling the NIM electronics.

o
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IPL TFD1 TFD2
CF-252 DUTs -L= 30c,, ,.__

....
PMT & BASE "*

_" C5)
,,4; ""1 ....

,Iii) (§) A_ / D¥ (S) ORTEC _(_10V)......... " 575

• 583 583 I UNI DUT
-HV (3) 1..... LLD~30 LLD~30 OUT

(-2400V) -[ -HV

(_;,= '_(7;) (0) (.24oov)

ORT )

START (_ _ l !OF (_ 1OY). _i_...DUAL ADC D-'C" iBMpc

,_7_ ORTEC 1,(i_) d DMA COMPATIBLE

' DB463 | STOP GAIN_-I.5BIAS_3V

Figure 13. System wiring diagram. The NIM settings are. for a 3()-cre flight path.

2,4 Installation of the Cf-252 h_ a modified I}'L holder. The modified h,,lder has a
]/4-20 threaded hole in one end and has ._mal] "wings"

Sources ,,n the sides f(Jr locking it. inr() the s()urce holder

The tw()s¢.mrces ._;upt)lied with the M_)del 5()05-TF (Figures 14a and 14})1. These m()dificati()ns l)ermit
are referred to as the "small" (_r "calibration" .,;()urce mounting (_f' the large test source inside the vacuum

and the "large" ()r "test" source. The calibrati:m s(:,urce (:hamt)er ()r rem()ving f'()r sh_rage, with(mt handling.

has a specific activity ()t' "-.I uCi and is h(_used in an The procedures t'()r installin_ the calil)rati()n and test
i,nm(Jdified IPl, M()del 1'-'F-252 holder. '['he test s()urcesare as t()ll()ws.

source has a specific activity (:)f _-50 uCi and is h(_used

2( )̧



Calibration Source Installation. 'l'he M(_del 5()()5-'1"F
must l)e calibrated t)ef_re rise, and must be

__ recalil)rated anytime that the large test s()urce _)r the
scintillati_n fi)ils are replaced. The :;mali calibrati_m

. ! s(mrceisused inthe firststep(_I"i.hes\.'stenlcalibra-

' '"':_ tionprocedure(Se<.'.li(m4.:_).'1'(_inst.allthecalil)rat.ion
s()u FCC

*" I. Vent i.he vacuurn chaml)er,
2. 1.Ising the standa,'d (_peraling l)rocedtires t'(_r

y(_lii' facility (see Appendix A t'()r an exam-

 IIIL I-"I ple),rem(we the calibrations_mrcefr_)mits
storagecontainer.

3. Piacethes()urc.ein thesmtrceholderwiththe

beveled h()lefacingthe semicml(luct,_)rnu-

clearparticledetector.

4. Move thesourceint.()p_sitionusingthelinear

movement feedthr(mgh.

The system is now ready t'_)r puml)(h)wn and calibra-
a. Cf-252 source and source holder tion.

Test Source Installation. The large test. s()urce must
be removed from the shipping container and mounted
on the l/4-in, threaded rt)d before it can be used for
system calibration and single-event testing. Follow
the standard operati(m pr(w.e(ttires at y(mr facility for

handling the source, and l)erf(_rm the t'()lh)wing steps

quickly to minimize your exposure t,¢_the radiati(m
...... emitted by the scmrce.

,,_,,.__" 1 ()pen the source-access shutter valve and
insert the 1/4-in. threaded rod int_ the cham-

ber (Figure 15a).

..........................._ ! 2. Screw" the test s()urce _mt.<_the rod (l:'lgt.ire15b).

3. Insert the 114-in. rod (Figure 15(:) into the
source h()lder in such a manner that the

"wings" of the test s()urce mat,e with the slots
in the h_dder.

4. l..Jns(.rewthe 1/,l-in. rod so that l.he wings lock
inr() the s()urce h(dder.

b. Cf-252 source installed in the source holder 5. F,xtra('t the l/4-in, rod and (',h)se the s(.)urce-
a(:cess shutter valve.

Figure 14. l,arge Cf-252 source

The system is now ready for l)urnl)diiwrl. The
source is rem()ved t)y venting the vacuum chamber
and reversing the above instructi(ms.

21
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................... 2.5 Installation of the IBM PC
Software

, The Model 5005-'I'F soft.ware is pr(,vided (,n ser-- ,,
eral diskettes. (The number of diskettes depends (m

i the type of diskette requested.) l"c)r l)roper (q)eralion
_i (ff the M()del _" _ ''"

,g)(),)-I F, the serial number ()I' the ,

;'_" software must match the serial nurnber on the rear

•ii, panel (ff the dual-channel pttlse-height Al)(..? unit.
•_ Check the serial numbers to verify thai 5'()tl have

_+:... received the c()rre('t st)ftware.
r_ _.,: lt is rec(m_mended thai v<mr IBM P(' have a

2()-Mbyte hard disk and 64()K _)frand()m-access mere-

.... ___`,ii. !" ()ry. tIse the CHKI)SI'; I)()S c(>minand tr)determine

j' " _: how much space remains ()ri the hard disk and h()w
" much mem()ry is availal)le ()n your PC.. The ('14()K _)i'

a. Threaded rod inserted inr() the vacLaum chamber mem()ry is rec()mmended t() acc()mm()date changes
thr()tigh the s(mrce-access valve t.hat may be made ((_ the s()ftware hy Spectrum

Sciences fr()m time t.()time. A minimum ()t' 2()-Mi)yte
disk storage is recommended t<) store the hirge data
files you will accumulate fri)m single-event testirig.

_i_ 1. From the root direct()ry ()n the hard disk
create a directory hy executing i.he DOS com-
ma nd "M l)"\ 5()()5TF."

"'::" 2. Execute "('.I) "-,,5()()STF" t.()chaiige t() this di-
reel ()D',

3. N()w c()l)y the c()ntents ()I"eac.h diskette sup-
plied with the Model 5()()5-'I'F iiii.()the direc-
(.()ry l)y placing the diskette in diskette drive

A: and execut, irlg "('()I)Y A:"\*.*." (li' y()ur
diskette drive is n()t A: then use the appr()-
l)riate d iskette-d rive let l er designat i()n, )

4. View the contents _)t'the RFAI)ME. IS'I' file
t() ()htail: additional irii'()rrnati(>n al)()ut the

b. lmrge (?f-252 s()urce m()unted ()n the threaded r()d M()del 5()()5-TF.

3. System Components

3.1 Pumping System
_,.,_- The M()del .5 V '_'_' l)uml)ii_l._• ,()( ,,-, ,, , system (,()nsisls ()i'

• _ an Al(,ate] Mt)del 54()() ttlrl)()-m()le('t_lar [)tim I) an(I

......+_"'" _ ................... ,_(),_,_r()tlghiilg i)uill I) (l, lgtlres
,_"_ --'::---,,_ c()ntr()ller, and a M()del '_ ..... ............,+"**(_illi_i.._s,+_.. 5 and 16). The M()dels ,54()()and 2()33 have ii ])tiirl])illl.{

sl)eed ()f ,I()(.)lisec and 7(15 l/rain, reslJectively. F()r ali
()perati()n and nmil_lenance pr(i(,e(ttires, c(>nstlli lhe
Alcatel lllantlaiS, i

C. Threa(le(l r()(l tls(-,d (() ilI()VP lh(:' hirge (!1;'-252 The system VH('UtlFIIlevel is in(init()re(l l)y ii (;I)
s()iir(.'e I)etween the s()urce h()lder inside lhc vacuunl ,Series ;{()() vactltllll-gatlge c()ntr()lh,r (Figure 8). '['he li

chaml)er and the I)()rated l)()lyethylene netltr()ll shield (.()ntr<)ller is li)cared in the rack ill()tlrlI, i)il i.he systeill
carl.. An i(m tt.lt>e and c()nve('ii()n gatlge are ilistalled

Figure 15. Threaded r()d used I<) l)()siti()n iile large (irl the liack ()I' the chanil)er and ill'(.!inierla(_'ed l() ll)e
('f.,)_,)_, ).:: s()ur('e
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vacuum system with Ultra Torr quick c()nnect()rs, regardless of its orientation. The 3-digit c()unter ()n
Refer to tile (lP owner's manual i'or more informa- the top end oi' the feedthrough translates int,o degrees
ti(m. of rotation. The flange on tile feedthrough gives the

J angle at which the particles are striking tile I)UT. On
the back side ()I' the chamber are the Ultra Torr

fittings for the vacuum-c(mtr()ller gauges and the vent
valve (Figure 21).

Figure 16. Alcatel M()del 2033 r()ughing pump

3.2 Vacuum Chamber
The M()del 5()()5-TF vacuum chamber is c(m- Figure 17. Rotary feedthr()ugh used t() c()ntrol the

stru'cted ()I' 0.625-in. aluminum and is an()dized for l)article flux
c<)smetic purposes, (lt, is necessary that the inside ()t'
the chamber n()t be anodized to ensure a good vac-
uum.) An ultimate pressure of <5E-5 t()rr is ()brain-
able; h()wever, the system can i)e operated al. pres-
:_ures as high as 2E-4 torr. '['his pressure must be
achieved before the PMT bias is applied (a higher
pressure will cattse the 1)M"l's t., arc and will (.'_mse _'

permanent damage t()the rut)e-base circuil.). The _ _,_a

r()tary t'eedthr()ugh (m the left side ()f the chamber ".....
(Figure 17) is the linear m()vement_ of the source t() the

I)UT that c(mtr(,ls the parti(:le flux. 'l'he :{-digit, _:,:.:,_,_,_;_::,_,._,.,.._.,_Uml_..
read(mt (m the t'eedthr(mgh will give the distance : .;,

fr()m the I)(..I'I' in centimeters, The shutter just beh)w _{i:i_ . . '
the f'eedlhr(mgh is used t.(_insert the s()urce inr(, the :_:
chamber and secure il in the source holder. When the
system is ro,tin use, the s(,,trce is housed in a b()ra .d .,.".....................{_.
p(_lyethylene neul, r(m shield (Figure 18). The s()urce is :i_

(m the en(t (d'a threaded 1/4-in.-dia r()d. ;i __
The feedthr()ugh on the t,()p ()f the chamt)er is the taaaaa:Ja l)I.lT-l:)ositi()ning (angle and r()tati(m) mechanism

(Figure 19). The I)UT is m()unted (m the face ()I' the ....... ..

round mounting bracket inside the chamber (Figure ..........
,i 2()), Always mount the I)Url ' st) t haL it is flush and in

the center ()t' the m()unting [)ase. 'I'his will ensure that Figure 18. B<)rated lmlyeth lene neutr()n shield used
the t'issi(m fragments are always incident <m the I)UT, to store the large Cf-252 s<)urce when ii, is n()t it) use

()d)



Figure 19. Angle and rotation feedt,hrough for
positioning the device under test

..

!_ _ii: ,

a. l)(>wnstream v_ew b. Side view

Figure 20. Fixture f'or m<_unting t,he device under tesi, inside Lhe vacuum chamber
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enough specific act;':ity in which Cf-252 contamina-
i:_: tion is very unlikely, and no gold cover layer is

needed. Thus, the small source provides an
unattenuated fission-fragment energy spectrum for
energy calibration of the NPD. The NPD is mounted
in the middle of the DUT sample holder using 6-32
screws (Figure 20). Finally, the 1-uCi source is placed

:_:: in the source holder with the PMT and the scintillators
in place.

Figure 21. Vent valve on the back side of the vacuum
chamber

i:

3.3 Particle Detectors and
Cf-252 Sources

The Model 5005-TF Single-Event Test Fixture
includes two types of particle detectors: an ultra-
thin-film scintillation detector and a semi_:onductor

nuclear-particle detector (NPD) (Figures ;,2 and 23).
The thin-film detector (TFD) is used for the TOF and
PMT pulse-height measurements. The TFD consists Figure 22. Ultra-thin-film scintillation detectors
of the PMT base unit, a scintillator holder and light
pipe, and a 1-pm-thick BC 400 scintillation plastic
foil. The foil is sandwiched between two pieces of
UV-transmitting lucite (Figure 24). The light-pipe
assembly is inserted into an aluminum holder and
held in place by a small Allen headset screw (Figure
25). The aluminum housing is mounted on the PMT
and base unit so that the light pipe mates with the
glass surface of the PMT. A slight modification has _,:_

been made to the P MT base (ac-coupling)and the _.__iii:::!i:!i_¥ _(:_i_ ,

circuit diagram in Figure 26 shows how this was done. i_
The 1-/_m-thick BC 400 scintillators have a 100% _i iil;i::/'

detection efficiency to fission fragments when used _S_with the Hamamatsu H1949 PMT (as determined by
coincidence counting with the NPD). :__

The NPD is used to calibrate the Model 5005-TF. __' _ "_'_
Two Cf-252 sources are used: a 1-uCi calibration ! _l

source and a 50-t_Ci source for single-event testing. __[[_ .... . /The smaller 1-uCi source is needed because the large
50-t_Ci source is covered with a 50-/_g/cm2 layer of .... -
gold to prevent the self-transference of the Cf-252
material onto other surfaces inside the Model 5005-TF

vacuum chamber. The 1-ttCi source has a small
Figure 23. Semiconductor nuclear particle detector
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3.5 Dual-Channel Pulse-Height
No. 8

SETSCREW 1.5 in. PMT ADC with IE:] PC DMA
0.50 tn.-l" _ / GREASE POTTED

L. ! f_/ .......ff . The following is a description of the electrical

CAP_'lV'r _. ] --_ system used for measuring 2-parameter signals (TOF
..... and PMT pulse height). The electrical system iden-

__- --'- l _ "-j tifies the Cf-252 fission fragments and correlates each
fragment with single events in the DUT. The dual-

0.50 in, _ _ \ \ _ _ channel pulse-height ADC is housed in an NIM unit
THRU " " \ SPLIT LUCITE A2641 MU.METAL

\HOLDER LIGHT SHIELD (Figure 28). In addition to the circuits described
ac 400 FILM below, the system employs an IBM PC-compatible
l_,mTH, : personal computer with a parallel-direct memory-

access interface (Metrabyte PDMA-16). The dual-
Figure 24. Light-pipc assembly details channel ADC performs the same functions as com-

mercially available, dual-parameter multichannel
pulse-heig[t analyzers, but at a greatly reduced cost.
This is because large amounts of special memory and
complicated hardware are used in the commercially
available equipment to display data in real time. In

_i _-,'., addition, the dual ADC system provides the control

_:_'_'_ !_ logic necessary to correlate the 2-parameter measure-.,_':i_:::_i_, ments with single events, a feature that is not in-

___...... ":__ __'_:'_:__ cludedAppendixinother commercially availables]opeequipment.on

__ Figure 29 as a block diagram of the circuit in

:_'i:,_,_"__"_ ...... _ , B that detects the reversals the

_: time-of-flight (TOF/NIM1) and PMT pulse-height_i:. :.: (LET/NIM2) analog-input signals and holds the peak
value for 16-bit digitization. The timing diagram is
shown in Figure 30. An increasing anMog-input signal
voltage charges a 1000-pF capacitor and forces the
HOS 200 high-speed buffer-amplifier and the AD9686
comparator into the positive state. A subsequent

Figure 25. Setscrew used to mount the light-pipe slope reversal of the analog input causes the 1000-pF
assembly inside the aluminum holder capacitor to discharge, changing the state of the HOS

200 and the AD9686 to negative. This places the

47pF HTC-300A track-and-hold amplifier into the "hold"
=a state, capturing the (inverted) peak value of the

P "_ |I O A2 analog input. Lower-level discriminators (LLD1 and
LLD2) allow for establishing minimum-peak detec-
tion voltages (typically 0.25 to 0.5 V). Below the

1.8M_ reference voltage, the HTC-0300A remains in the
"track" mode. The reset function is used to bring the

-_ HTC-300A back into the "track" mode after a peak
detection has occurred. This circuit works with input

Figure 26. AC coupling used on the photomultiplier pulses as fast as 250 ns FWHM.
tube A2 output Inverting amplifiers are used to convert the peak

values into a positive voltage, and the AD1376 16-bit
ADCs are used to digitize the result. The conversion

3.4 NIM Electronics time is <17 Us. External TTL logic is used to provide
The NIM electronic modules used for data acqui- an interface to the personal computer via parallel

sition are manufactured by EG&G Ortec (Figure 27). direct-memory access (PDMA-16 circuit board).
Any specific information regarding these modules will
be containecl in the owner'_ manuals supplied by
EG&G Ortec.
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Figure 27. NIM electronics used for data acquisition. I,eft to right: 428
detector bias supply, 575A amplifier, two 583 constant fraction discrimina-

tors, 457 time-to-amplitude converter, dual-channel pulse-height AI)(], 414A
fast c()in('idence (optional), and the 556 high-voltage supply. Mounted below
the NIM bin is the DB 4(;:_ delay.

, a. Front panel with reset an(.] calibration/test b. Rear panel with the I)MA and 1,;I)(; I)37 (male)
switches, and the TOF and LET P,NC inputs c(mne(:t(_rs.

Figure 28. Dual-channel pulse-height AI)(?.
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START DMA1

RESET I

O__o_o--__ c__t !TOF T -_RACK & INVERTING ,
(NIM1) BUFFER

PEAK-----_ STATUS1 ,,r
START DMA2

HOLDRESET ]_ET_ ! BUFFER; ,BMPCo--t_ _ _ ............tLET TRACK & C INVERTING ., \ ,,_ i,
. ., _.. rr PDMA-16 i(NIM2) I

, 16 .J

DMA3

?

SEC _ BUFFER

Figure 29. l"uncl_iCm_;il hl(wE di_l_r_tm <_t'the ¢lu_al-ch_tnnel l)ul,_e-height, AII)(.'_
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(_10V) - i I

LET ./1"I I I "--(NIM2)
I I I

TOF J"'l .............................
(NIM1) _ I

- [---- ' '
-q ~60ns I PEAK DETECTION IS

START I HELD IN RESET MODE.
I

17ps

_mm,

STATUS1 .... j ___6_Ons f DMAI~10pSq ~10.SDMA2_k ~IOPSDMA3RESET .....

' I [ 1 I
STORE (OR STATUS1 IN CI_L MODE) ..... -4 ! _ I

I _'_ ~60ns _q -60ns --[ ~60nsREQ I
I REQ1 BEG2 REQ3
I (TOF) (LET) SEC)

A: STANDBY B: PARTICLE DETECTED. START C: EDC TEST OF DUT DMA3 A
FOR PARTICLE TRIGGERS EDC TEST OF DUT. COMPLETE. STORE OMITTED
DETECTION TRIGGERS DMA IN CAL

TRANSFERS OF MODE.
SE DATA.

Figure 30. Timing diagram t'_r the dual-channel l)ulse-height AI)C,
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• -) ":1 r ,I Jpon receipt (H' a low state of /l EAKI, which second scintillat()rs. The channel values are used to
indicates a peak value (d' the anal()g input has been calibrate the TOF and PMT pulse heights for ali (>t'
captured, the c()ntrol h)gic provides a, I AR I. l)ulse to the fissi<)n ['ragmenl,s. The user must also specify the

iS 'r'A'r'_ 7the AI)1')76 AI)C,. The rising edge ()f, .............. , c<)llimatc,r area and the distance bet, ween the
whi':'h indicates that the digitization is complet, e, is scintillatc n's. Upc)n exiting the menu, the user may *
used to reset the peak-detecti(,n circuit,. The TTL initiate a radiat, i(m exposure to c()lnplete tile calibra-
interface transfers data fr(ml the A1)1::/76 AI)Cs to t.ion tftr,he system.

the pers()nal ('()mputer up()n receiving a control

signal (STORE) fr()m tile users test circuit., l ht,;_ LM_ODI=LS005-TFSINGLE EVENTTESTSYS'TEM] ,accomplishes tile correlatic,n between single events - ;
and the t'issi(m fragments that cause them. The type
of single event ('()ded as 16 bits (()r no single event ----{CALmnATeSVSTemI

detected, hexadecimal FFFF)Is als()t, ransferred from :=
the user's test circuit t()the IBM I)C. The data ----{DEFINEDUTMATERIALLAYERSF---{ CHEMICALCOMPOSITION
transrer is initiated by the l_I_(.._ l)ulses. Appr<)xi-
mately 30 us is all()cated t'()r the tral]st'er (1[' the rI'OF W SET TES'i" PARMETERS ]-----[ CHEMICAL COMPOSITION J

and PMT pulse-height data, and the single-event

code (SEC). --{ CALCULATE LOOK UP TABLE ]

3.6 Software --[BEGIN RADiATION EXPOSURE ]

The man-machine interface f()r the Model

50(15-q'F Single-Event Tesi, Fixture is accomplished ---[ DISPLAYTESTDATA]
I)y n'let-llls ()f software, writ, ten in the BASIC language,

f()r an IBM I:)C-c()ml)atible pers()nal comput, er. The ---{ PRINTDATASUMMARY ]
s()ftware permits ealibrati()n ()f the systern, prc)vides

c<)nt,r<)l over single-event tests ¢>1'the I)UT, and ()rga- --[ SAVEDATA]
nizes the test data into a database for the user. A

menu reference for tile Model 5005-TF s()ftware is ---{ CLEAR DATAI
given in Figure 31.

5()0,)-l F SINGIA,- --{ BECALLDATA ]
The main menu (M()I)EI., r, ,,, -, , _,

EVENT rI'ES'I' SYSTEM) presents the user with the
r.. r.. r'_ _C)l)tions t,o g<) t()<_ther menus that permit Figure 31. Menu reference i'()r the M<)del ,)00,_-l t_

• calibrating the system s<)ftware
• defining the ac,tire t)uried layer and covering

i)assive layers, (_t'the semic(mctuctor [)UT The I)EFINF; I)IYI' I_AY_?PS,,,,,and CHI,MI(,AI_"' "
set 'llf he J'()r a _ - -3 - , ' '

• . tl &,t parameters single-event test ()I' (,()MI OSl I ION menus all()w the tiser l,o specify the
the I)UT thickness, density, and chemical c<m_p()siti<)n of the

• beginning and ending a radiation exp<)sure I)uried active layer and the covering passive layers _>t'
(single-event tesi.) <)f t.he I)U']' the l)(iT. 'I'his inf()rmati()n is used 1.()c.alc.ulatc, the

• disl)laying <)rprinting a rel){)rt <)f'the data f'r<)m energy loss ()f the fission fragments as they pass
a i)revi()us tesl thr(,t_gh the c<)vering layers. It, is als() used L<)calculate

• manil)ulating data files, the surface I.,ET, average effective I,ET, and the exit
The (AI_IBHA I L S'YS I t,M menu lets the user l,l,l <)f ['issicm h'agment,s in the buried at't.ive layer,

sl>e<'iFv the ener/ies (,f the average heavy--and li/ht.- (Jt) t.() ten layers may be defined. The lasl layer
fissi<m fragments t'(w/he current, system c()ni'igurati(m spe<.,ified is the active layer ()t' the I)UT in which
(('f-252 source and scint, illati()n f()ils). The energies ,,',ingle events are assltined t,o ()(:ctlr. F()r each layer tlp
are measured usin_ a s(¢id-slate det,ecl,()r l)laced at t<)ten chemical element.s, making Ul) rho hayer may t)e

the I.)IFI' l.>(,siti(,n. "l'he detect<)r is first calil)rated specified in terms <)I' at<)ms per molecule. II' tile , :
using a small, tlnen('al)sulat.e(t (.2f-252 s(mr('e t(> locate material is a mixture and n()t a true chemical ctml-
the channels ()f' Lhe unattenuate<.t heavy and l)<)und, then the percent hy weight of ea<,h element in

lightl)eaks. ']'hen the heavy- and light,-l)eak channels the mixture must, be c<)nverted t<)a tait<). 'i'his rati<) * _

are. determined for the t'issi()n fragments as they exit w,otlld l)e equivalent t.c) the number ()f at(_ms I)er
the large s<,urce, after passing thrc)ugh tile, first and m(_let,ule had the mixture acltmlly been a <.'.()ml)<)und. --
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The SET TEST t.)AI_AMETEI,_S menu lets tile (?onservat,i<)n laws of physics require simultaneous
user enter the test parameters for each radiaiicm satisfact;ion of the following equations.
exposure of the I)UT. These parameters are the test.

, idelltification and the angle _,t' incidence of the fission Mass: A-heavy + A-light + neutr<>ns --= '25'2 (2)
fragments on the I)[IT. Als<)included in the test

paran]eters are the pr<q>erties of the fl_il used to Energy: T-heavv + T-light = 82.5<'i.
,, degrade the energy of the fission fragments after they (-+_;'2.5<', ) energy of fission (13)

exit the sec()nd scintillator and l)ef()re they strike the

DI.vi'. Upon exiting the menu, the user is asked lo M_maentuin' (AT)-lieavy _ (AT)-light (4)
specify the chemical c_mapositima of the degrader foil.

When the system is calibrated and the material The energy released by the fission reaction is calcu-
layers of the I)l are defined, then a h.d_-up tabh:, lated t'nma the nuclear-binding energy al)pr(>xi-
thal associates the I,FT values xVitrh the estimated lnation, j_'_:_

T()F and P'._.T pulse height for ali pc_ssi|)le fission

fragments is calculai.ed. The table is used during the t3t+;(MeV/ainu) =.9.'24 ......0.00696A (A>77) (5)
radiat i<_t_exp<mure to display the si p.gle-eve ni dal a as

the data accumulate. After the lo(_k-uI) taMe has been A fissi_)n l'ragmerit's TOF is related to the part.i-
calculated, the user may begin the single-evenl test _d' cle's energy and mass. In general, light tYagments
the DIrT by select,he that _l)ti¢)n in the main menu. l-lave higher energies and thus shorter TOF t.han l,he

The rernainder _d' the menus allow the user to heavy fragnaents. Figure 32 shows the uncertainty in

view l)lC_l_,;or print a data summary _t' a previca_s the fission-fragment mass given only a TOF over 10
single-event test (1)ISPI,AY TEST I)ATA and cia. The maximum error ii] the surface lA,;T in silicon

lq_lN'[' I)ATA SI,!MN/IAItY} c_r t_ manipulate data i,; ab<mt .t I0 Me\,' cn]e/nag for this one-pararneter
files (SAVE DATA, (I'I,F;AIt I)ATA and RE(?AI,I, inelh_>d <_t'particle identificat,i<m.

I)ATAI. The user may save or recall data files com- _s F--'-'_--T-----t--_T-----3_ -T-----F---

raining the system calil_ration data, the DI1T specifi- 14 Iowot /

_verage

cations, or the sin,.,,le-event test data.
' 13

4. Operation

4.1 Theory of Operation .E
• lm

The Ml)del 50()5-q'F Single..l,,venl 'I'est Fixtttre 7

inc<)rp_)rates a T()F' meas_)r',,ment" and an ultra-thin 6
s,.,intillati<_n l'_dl-pulse h, ht measurernent :__'' to s ...... "....... L_._._________,_I_..
identify, the .('t........o.'>:,')t'issi,,n-tragn_ents, and c<_rrelates 70 9o _,0 _3o _5o ,7o

the particle inf<,rmati<m with single events thai are FragmentMass (amu)
detected in lhe l)t!'l" When ('t'-'752 sp_lnlaneously
fissi<ms, it prt_duces Iv,'<>fragments with l.he averal,,,e Figure 32. tlncerlainty in the fission fragment mass
characteristics tl listed in 'l"'_ble '2. as a t'unc.!i_m (_i'the time of flight over 10 cm

.....Tab-lo:-"--:;-":-:21........ ........."; ....:: ....:-;arid=: .................:.........==:=:::-::: The precision o[' the surface IA,TI' measurement.
Xverage -Heavy: (tan t)e impr,)ved tr, at)()ut 'J:1 MeV cre:z/rag l)y using

Light-Fragment Characteristics theli_.4hi()tillJut fi't)nl ()lie (if the tilt ra-t,hin scinlillators

in coincidence with the TOF. The PMq' ¢>ut.i)tlI is
.................................................................H}_:.av:v...............................!:,:!gi!?!.................... empirically relaled rx, the energy loss of the fragment
A 1,12,t 1ti5.9 to the scirllillaior. :_'l"he tube <:>tilI>ui thus l)rovMes aI

Z .:i5.6 ') _ .,1.... I lneasuremerit <)fihe fragmerlt's energy l<_ss(change ii]
3'(Me\;t 79.5 l tH.I vel<,city) in the scintillati<ln plastic. ('I'he energy loss

ii

31



in tile second TF1) is uniqtmly given by the c(mlbina- 3. (,'.lt)se the chamber {hu}r an.d latch it, shut

titre of the TOE between the two scintillators, and the (Figure 33).

average vel(}city in the see(rod scintillator film. The ,1. Turn ,,m {,he r{)ughing pump.

average velocity is l}roporti(mal t() l.he light (}utt>ut Note: A loud gurgling sound will be present
,, ,)

t'ronl the seintillat{}r thin.-. 'I'hus 1'1 during the initial few seconds. As tl,_ mu_h- ,

IAqT.ff ing vacuum increases, this nt,ise sh(,uld (ii- "

Z-strip :_= ]i_-b_;if,_.l:._.t_i,_-]--;l-_iZ-prot()n 'e (6) minish. If after Ill)t(} 15 see y,:,u (.i(}n(,t hear asul}sianiial reduc, ti(}n in noise, t;his could

where the l)rol()n's velocity is the same as lhe fission mean the system has a maj()r leak. Ii' lhis
fragment's veh}cily, V, which, is determined t'r{)m the occurs, shut {)i't'the puml} and investigate for
TOF, then all (ff the quamities in Eq (5) are known, possible leaks.
The strip charge (.)t'the fission fragment iu also given 5. Turn on the turbo pump (Figure 34).
by _'' Note: The ('(mvecti(m gauge (.m the (l.P (:(m-

troller reads the roughing va{'uum pressure

Z-strip .... Z{1 .... [1.039--(L17777exl} and is always on (Figure 35). T()read the

( ....0.{)811,i Z)] exp(--V2) } (7) high-vacuum pressure th.e ion gauge is used.

I)o not turn il, (m until the convection pres-

where sure reads <5E-3 t()rr, q'he syst,em is ready

V2 = V() + 0.378 sin:; (VI rr/2), for use when the vacuum reaches <.£2E-4 torr.
Vl = ().886 (V/V())Z ':"" and

V0 = the B(}hr vel<)cil.y. :_,....:............:.

The only kn(}wn quantity in Eq ({3) is lhe al,(}mic
l]umber {}t' the t'issi(}n fragment, Z, which can }}e _*_
s{dved t(,r I)y substituti()n of the strip charge from Eq
(,5). q'he mass ()t' the fragment, A, can I)e eslimated
fr,}m lhe m(}st l)r(}bat}le charge {)fthe t'issi(m rea(,ti(m. 1"

• Gr ::a:: .....A-heavv _r,}up 2.46Z 3.14 (8)

') '' 3.A-lighl gr{}ul} ..... ...4.tZ .... 35 (9)

The energy (ff the fission t'ragment is eslinlated fronl
file measured l)arlMe veh}{'ily, V, and the eslimaled

mass, A. Thus ali ,}f l he l}article parameters (charge,
mass, and energy) can I)e estimated fr{mi 'I'()I: and
en ergy- 1{)su IYIea s [1 re lll e i-11s,

4.2 System Pumpdown and
Venting

Assuming thal lhr t:lll ire sv_lelll,,_. has }}cell asSell]-

bled, the f{,ll(}wing is a stel)-l)y-stel) I)r{,ce{ture t'()r

b()th pumping lhe system (l(}wl] and venting i()i.he _.
at m(}sphere.

Pumpdown. Figure 33. Va{:utlm (:hamber d(}(}r in lhe laiche{I
l}{}siti(m

1. ('l(}se lhe s(}urce-a('cess slulller.
'2. (?l{}se the vent valve (}n lhe })a('k {}f the

{:ham ber (Figure '21).
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Figure 35. Vacuum-pressure indicators and switches

Venting 5. Open t,he w:nt, valve <m the back oi' the

1. Turn off the high voltage t,o the PMTs chamber,
(Figure 36_. Not,e: To keep the inside o[' the chami)er free

'2. Turn off :he ion t,'tlbe (Fi_4ure 37). from dust, and moisture, plumbing a dry-
nitrogen gas line t,o the vent, valve is recom-3. Turn off the t,urbo pump.

4, Turn off t,he roughing pump. mended.
" 6. I,Jnlat,ch lJ_e door ot' the chamber. When the

door opens slightly, the system is vent,ed
(Figure 38).

' 7. (:'_loset,he vent, valve.
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i tmmedure. In addition, a 512-channel, c_r )etter,
•. :: multichannel analyzer (I0--V inptit range) and ta 10()-

,_ MHz digital-st()rage oscilloscol)e will also be required.

,,b

.....: . Energy Calibration.

1. Set, up the NI)I), with the calil)rati(m source
,, shown in Figure 39a, fi)llowing the wiring

diagram in Figure 4().
'2. Ch)se the vacuum chamber and pump down

the system.

3. Adjust the 575A amplifier _)r the M(',A gain
until you can recm'd a t'issim_-fragment en-
ergy spectrum similar to Figure 41.

4. Record the channel numl)ers corresp(mding
t() I)L (righi. peak maxin:um)and PH (left
peak maximum.) in Figure 41.

5. Repeat, the pr(medure above for the large test,
source. The channel numbers for Pl_ and PH

sh()uld t)e slightly less than the PI, and PH
values for the calibration source. The differ-

ence is a result. ()t' the energy o1' the fission
ii,:: t'ragments thai is attenuated by the ct)ld

cover layer on the large source.
6. Install the first TFI) between the large test

source and the NPI) shown in Figure 39b.
Figure 38. Vacuum chamber door in the unlatched 7. Close and 1)ump down the. vacuum chamber.
and vented l)()siti(m 8. Acquire the t'ission-t'ragment energy sl)ec-

trum and note the values ()t' Pl, and PH.

4.3 System Calibration 9. Install the see(rod TFD as sh()wn in Figure
Berl)re the Model 5005-TF can be used for SEU 39c, and rel)eat the pr()cedure above.

testing, the system must be ca!lbrated. The ()bjective Now, you should have ilmr sets of Pl_ and PH channel
of the following I)r()cedure is to ()t)t,ain the data numbers describing the energy attenuation ()t' the

necessary to c(mvert the TOF and PMT voltage-pulse fission fragments as they pass through the gold layer
heights into particle mass and energy estimates. The of the large s()uree and thr(rech the first and see(rod
pr()cedure c(msists of two parts: fission-fragment TFI)s. The energy calibration data permit the energy
energy-spectra calibrati()n, _v and rI'OF and I,ET spectrum ()t' the fissi(m t'ragments incident (ma I)UT
pulse-height calibration. The equipment pr()vided to be calculated. This completes the first part of the
with the Model 5()05-TF will be required for the calibration procedure.
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Figure 40. System wiring diagranl t'()r (:'alitm_ti(m ()t'
the Model ,)(llb- I F
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Figure 41. (.?t'-252 t'issi()n-fragment energy sl)ect,rum, l)ata ()brained at P,()eing
Aer()space and F_lect,r()rlics Center, ,June 24, 1990.

Pulse-Height Calibration. 8. When the vacuum level is 2E-4 (,()rr or less,

1. ,Set Ul) the Model ,51)05-'I'F acc()rding t()the (;urn off the ion gauge and turn ()n the high

system wiring diagram in Figure 11). w)ltaKe t,() (,he 1 M I s.

'2. Select a separat.i()n dist,ance between the 9. [..Ising the ()scill()sc()l)e examine (,he T()P and
''" F l_ti;'l' signal inputs t() the AI)(I unit.scintilhm)rs t'<)rthe 1() measurement. -.

3. (:'.l()se the vacuum-chaml)er d()()r and turn ()n I(), Adjust. the gains ()f the ,157 l,ime-t.(>-aml)lii'ier
,),,,,z_ amplifier tln(,il thethe high v()ltage t.o t,he I"MTs. c()nverte.r and the ,:,Tr.^

4, Bias the I)M'I's t,() al)()u( ......2400 V, l)ulse heigh(.s are hetween 1 an(l 9 V, t ()r each
I-)MT dyn()(te pulse there stmuld I)e a T()F5. l J_dng an ()scillosc()l)e examine the ()utl.)U(,

( si_nal_ t'r()m (.he 583 dis('riminal.()rs, pulse, and vice versa.

6. A¢titls( (he discriminal.()r levels 11)eliminate 11. 'l'rigger (he ()scill()sc:()l)e in dllal-channel m()(:te
h'()m l)()(h signals and verify (hat (.h(_ ()thersignal n()il e caused I)y t,he PM'I' dark (',llr-

' rents, sig)ml is alway,'; l)resen(.

7. N()w ttlrll ()i'1' i.he high v()Itage t() the l'M'l's I'2, 'lhlrn ())l an(l I)()()1.the IBM l)( '
and pump d()wn lhe sysl.en). 13, 'I'()acce,_s t.he M()de] 5()()5-.'I'I,' s()l'(war(, l'r()m

the r(.)l, direcl.()ry, execute "(,l)"...,)tlu,) l i .
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14. Execute "5()i)5TF " answer "n" to the "CAI, IBI_ATE AI)C" prompt. 'the
15. From the main menu select option Model 5005-TF is n_)w calibrated and ready f()r single-

"0-CALIBRATE SYSTEM" and enter the event testing of microelectronic devices.
four sets of PL and PH channel numbers and

the scintillator sel_arat, ion distance, 4.4 Single-Event Testing "
16, Press the space bar and answer "y" to the The four preparat()ry steps for obtaining a single-

prompt "CALIBRATE AI)C." Answer "n" to event characterization era microelectronic device are
the "REVIEW PREVIOUS CAI, IBRATION

construction of the event-detection circuit, I)[IT del-
Ar -_ _

D 1 A prompt, inition, test parameter specit'icati(m, and c,tlctllati(na
17. Reset, the ADC unit using the front panel of the h)ok-ul)table, After the preparatory steps have

"RST" switch, been complet,ed, the Model 5(}()5-TF can be used to

A two-dimensional plot of the TOF and PMT acquire single-event data. The IBM ]'C software
wfitage-pulse heights should begin t,o accumulate, ' permits review of the results of previ()us single-event
(The display is updated after every 100 particle tests and errors in the calibration or test ._et.-up stel)s
events,) After a few thousand events have accumu- to be corrected.
lated, a fission-fragment spect.rum similar to Figure
42 sh(mid be clearly discernible. The display is a Construction of the Event-Detection Circuit.
two-dimensional ph)t of the base-10 logarithm counts The event-detecti(m circuit, is the interface between

for the voltage pairs. The total c()unts are represented the Model 5005-TF and the DUT supplied by the
by the single..digit exponent, user, The circuit must be designed t()perform five

1. If the alpha-particle peak is present in the functi()ns:

lower left-hand c()rner, then press the space 1, Initialize the I)UT fl)r a single-event test.
bar (twice) t()exit,. 2, Operate in a standby mode awaiting a signal

....') Incrementally raise the discriminator levels from the Model _.r,)()(),__TF (PEAK1 ()r

or reduce the PMT bias v()ltage, and repeat /START) that a particle has been detected
the ab()ve pr()cedure until the alpha peak is :3. Examine the I)UT for single events
n() longer present in the tw(.dimensional ,1. Provide a signal to the M()del 5()05-TF
t'issi()n-t'ragmenl spectrum. (STOtV_E) to indicate thai the single-event

_:_,'¢"is t()be3. Press the space bar t() exit,, test has I)een c()mpleted and an .... ,,..

rec()rded with the particle pulse-height data
The v()ltage pairs f()r each ()f the fissi()n-fragment 5. Operate in a standby mt)de awaiting a signal

,)0(),)-I F (I)MA3 ()r/Rh]Q:_)peaks are.aut(_.naatically calculat,ed, and are dent)ted from the Model r. -_. ,, _ :
()n the pl()t by asterisks. The l()garithms of the total that the single-e.vent dat.a have been trans-
channel c()unts for the TOF pulses are displayed ferred t()the IBM PC,
d()v,,n the right. ()t' the plot, and acr()ss the t_)p ()f the
1)1()t l'()r the 1,I_,1 pulses. The logarithm ()t' the t()tal t lgure 44 is a fl()wchart ()f the testing sequence. The
number ()t" particles detected iu sh()wn in the upper event-detecti()n circuit is cabled t() the M()del ;)()(),:)-I I_
right-hand c()rner ().1'the l)h)t. Press the space bar t,() thr()ugh the I)1-/7male c()nnect()r labelled "El)(!," and

(' " _"i' ' ,S _,_exit. 'l'he AI, IBtlA I L Sh, I EM menu sh(_uld re- m(_unted on the rear panel ()t"the dlml-channel pulse-

semble Figure 4:/. Press the sl)ace bar to exit, and height AI)(? unit.



LET (<P-IO vc,lts)

+ -- 4.... I..... e'-- + -- + -- + -- . -- + -- + -- +

: I I : I I I I i I I
............................................ -I..... + ---- + ---- + ---- + ---- + ---- + --- + --.- + _-- + ---- +

_ " /7 , : , ,: ,: - z t , : , ,+ -- + -- + U 1 I I I 10 iL _-- + -- + -- + .... _. -- + -- +

_ _ .."f" I I I O I i I IO: I ' I ' I I
_'. LD i_ -_I" , 0 ,

_ ..//. 4......, --- + --UOIIIL,40 .... + -- + -- + -- + -- 4.... +

+ -- + -- + -- U11111.(}3. . -- + -- + --- + -- 4. -- +

_. "-- _ I 1 IUU<, i I10 I I _ I I I
ut ,,_ ""

+ .... + -- + ---_) .... #6 | i <|(3 + __ + __ + __ + __ + __ 4.

_ ' +,.H3¢ U) _ H]O(.H_.'H' "H_H J" _)--O(');,. - ] + ....+ -_ . ........ _.... + __ + __ +

"- If/ I : I IUOlllIll100 uOO0 uOOO O(:; _ 1 1
_] ___._._I- I + -- 4..... + O1 t111 i I i<u>CJOO1!OIOuOCu.H.J -.- + -_ + -- +

_{ I "_'', .,\] ' I I Oi I l_2_.'221110(JO(J1_7:.]]]_ll ILI(H_O(H,(, , I I

_-_'_- I I 11111;'I I II IoIOOOO1 111(',IOUt: I '

"_"_. + -- . --- 4. --OOOO111000-O4000 Ln.<H.u,_.__ + __ + __ +
I I i l I i I I l ,
+ -- , -- , -- ,. -- , _- , __ , __ , _.. ,.... v -- +

-T_-T_-r---r'--r_ - -'r_'1"--'r---r-'-I-
TOF (0-10 vc,lt_)

l.IOll'I-MASS I.'ItAGMF:NT

II1-AVY MASS FRAGMENT

/- _,-.,,_

Figure 42. TOF vs. I,ET pulse-heightspectrum. Data taken al.l,()ckheed

Missiles and Space C()mpany, April 4,199(), Shown are the light-mass ('ragmenL
group (upper left), the heavy-mass fragment gr(mp (lower righi,), and the
alpha particles (lower left). The digits are log], c()lmts f()r the v(Jtage pair (TOF
and I,E'lb. The t.he()retical TOF and I)MT pulse-height spectra are shown ()n the

axes for c(_mparis()n.

CALIBRATE SYSTEM (calibrated) new

TOF L-PEAK: 3.76 volts
TOF H-PEAK: 6.09 volts
LET L-PEAK: 6.44 'volts
LET H-PEAK: 2.32 volts

PRESS TO
SELECT

0 CALIBRATION SOURCE PL: 1128
1 CALIBRATION SOURCE PH: 788
2 LARGE SOURCE PL: ii00
3 LARGE SOURCE PH: 776
4 PL AFTER FIRST SCINTILLATOR: 1012
5 PH AFTER FIRST SCINTILLATOR: 712
6 PL AFTER SECOND SCINTILLATOR: 972

, 7 PH AFTER SECOND SCINTILLATOR: 596
8 COLLIMATOR AREA: 1.27 (sq.cm)
9 SCINTILLATOR SEPARATION: 30 (cm)

PRESS THE SPACE BAR TO EXIT

.Exam SY,.I.E,M (_AI,II:{I{A'I'I()NmenuFigure 43 I)le ' _''_
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DUT Definition. 'l'he M()dt:,l 5()()5-'I'I" II'lM 1'(I s(,t'I,-t'_TAR_ EOC,NmAUZESTHE DUI .._.__, W_II'O wi]l cll](,tl]ll[(:,lh(:, Sl.lr['tlC(,l,l_',W, (Ilo HVel'll_(,-._.__,._ n,., ,,,J " tFOR A SINGLE EVENT TEST -----'-"--'-]

_' _ et'l'ec(ive I,ET, and the exit l,li','l' t'_)rI= I,t=ri(?d layer in
FI ED_C=I_NSTANDBY MODE ] t,]'le l)tI'IL The chemicnl c(mll)(w, iti()n ()l' the l)urie(l

NO_._P_ hLv(_ranti all c(,vering layers mum he ({eI'inecl. *'1 II " ,_]1. l"rc)m (he main mentl .,-;elect()I)ti(m 1 I.)I,-

L_ ......._,.s,_.,,1 I;"|NN 1)I.1'1" i,A3't,I-{_,'_' ' " The layers ()t' lhe
I.)[J'l' are numl)ered from (), the top I_wer t,()9.

','ES The last layer entered is l.he active, buried
EDC BEGINS TEST OF DUT]

FORSI: .=,=EVENTS J h:_yer for which (.ht: I.,ET values will be c'alcu-
-- --" I laied. The M()del 5005-'I'Ii' software catcu-

Y lares the l,ET values by t,ransp()rting each
['issi()n-l'ragment Lhr()ugh the layers,

2, T()define the first layer p|'ess (), and then
enter the layer identi('icati(m, t,hicknes,_ in

-'x. mi¢',r(mmters, and the mas,_ density in grams
NO/" DUT TES'I_ per cubic centimeter, li' the (nonzero, param.

eters are correctly entere<l, the (_HEMI('_AI,CC)MI)(),_ITION MENU will appear, This

menu is used 1,o define (.he clmmi(:al (:()mlm-siti()n ()l' the I)I.IT laver, "l'he chemical ele-

--YES_sI_ merits that make Ul_ a h,yer are numbered
t'rt)m () t,o 9,

_--- 3, T() enter the First chemical element press (),
EDC PLACES] EDCPLACES and the)l enter the at()mic number ()1' the

SINGLE EVENT] CODE "FFFF"

CODEONEDC ONEDC element and the at.()ms I)er )'n()lecule ()f the
CONNECTOR CONNECTOR__ element in the chemical c,'))nl)(),)nd t.h_:it

[___.____ n()( _z,(rt)e c()mp()und, I)ut a mixlt_re, y(:)u will

":,..,J

need t<)('(revert the elemental c()mp()sili()n ()I'
NO the mixlt_re int,() an e(It_ivt)h:nt at()rns per

. rnt)lect_le !'()r each (:lemont as ii' lhc mixture

were _,_chemical c())nl)(,un(l, Figure 451) sh()ws

an ex_ml:)le elemelat.al (,<;ml)()siti()n ()I' theglass I_ver ()f a l)t!q'.

S_"_ '_-_-/T E BM: _'A T EDN_ ''--YES""e--- "_._ THETEST,_ ........ 4..l)ress the ,'-;Im(.'eImr I()t, xi(, m_(l c()nl it_,_lethe
al)()ve ))r(w.ed_re un( il e_wh l_kv:.,r()F lhc I)t!'l'
in ctel'i_)ed. I,'i/_ure .1_)_sh()v,'s an eXaml)le 1)11'1'

Figure 44. Fl()wc'hart ()t' (he single-even(, testing clefi_iti()n.

se(.l_ence 5, PressllWsl)aCe l)t-:_rtc) exil l.()the mai_ menu,
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DEFINE DUT LAYERS (defined) new

PRESS TO LAYER DENSITY THICKNESS

SELECT IDENT IF ICAT ION g/cc um

0 glass 2.500 0,800
1 aluminum 2.699 1.400

2 epi silicon 2.330 5.000
3 0.000 0.000

4 0.000 0.000

5 0.000 0.000

6 0.000 0.000

7 0.000 0.000

8 0.000 0.000

9 0.000 0.000

PRESS THE SPACE BAR TO EXIT

a. I)(.ITI_AYt_I{II)EFINI'.I'I()Nmenu

DEFINE CHEMICAL COMPOSITION

IDENTIFICATION: glass
DENSITY: 2.5 g/cc
THICKNESS: 1 um

PRESS TO CHEMICAL ATOMS PER

SELECT COMPOSITION MOLECULE

0 Si 1.00000

1 O 2.00000

2 0.00000

3 0.00000

4 0.00000

5 0.00000

6 0.00000

7 0.00000

8 0.00000
9 0.00000

PRESS THE SPACE BAR TO EXIT

• " " ' COMI (),, ITI()N menub CHEMI(,AI., ' "S

Figure 45. Example ¢_t'a I)(]T det'init, icm
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Test Parameter Specification. Three test l)arame- Calculation of the Look-Up Table. When the Model
ters mtlst be specified t'(Jr each single-event lest.t' the 5005..TI_ has been calibrat,ed, the I)UT has l_ee,n

1)l.l'l': (1) the test identil'i(..ati()n, (2) the angle td' defined, and the t,est Imrameters have been sl)ecit'ied,
ineictence (,t' the C1'-259 t'issi.n fragments (m the I)[IT then the main menu should have the status flags set
(zer(> degrees is normal incidence), anct (:l) the char- as shown in Figure ,tTa.

act,eristies oi' the thin t'(_il (ii' any) used t:o degrade the 1, Press 7, "SAVE "I_ES'I' I)ATA," +lhd save the

Fission fragments' energies. The degrader t'.il is (_I) system calibrati<m, the 1)[JT det'initi()ns, anct ..,
li(real, SUl)l)lied by the user, and is m(..lnted between the test l)arameters,
the last TFI) and the I)[IT. The degrader is charac-
terized hy the mass density, the Pl, and PH c,hannel 2. l_ress the sl)ace bar t,(_ exit,, The main menu

values (obtained t'r.m energy spectra oi' the t'issi(m should now have the status ,"lags set as in
Fragments fr(ma the large test source as they pass Figure 471).
thr(_ugh b(_th TFD aim the degrader f(_il) and the 3. Press 3,"CAI,(]ULATE I,OOK-UI -_TAI._,LE, ''
chemic.al c(mll)(_siti(m of the degrader foil. Figure 46 is t,o begin the calculati(_n of the IJ_T values (_1'

an example o(' the test lmrameters t'(>ra single-event the t'issi(m fragments in the I)UT buried layer
test in which the ('issi.u fragments are n(_rmalty for each fission fragment. On c.mpleti(m of
incident (m the I)[IT and no degrader foil is present, the calculati(m, the main menu should have

the status flags set, as shown in Figure 47c.

SET TEST PARAMETERS (set) new

PRESS TO

SELECT

0 EXPERIMENT ID: HS-651q RH

1 ANGLE OF INCIDENCE: 0 (deg)
2 DEGRADER ID:

3 DENSITY: 0 (g/ce)
4 PL AFTER DEGRADER: 0

5 PH AFTER DEGRADER: 0

PRESS THE SPACE BAR TO EXIT

Figure46. ExampleSETTESTPARAME'I_ERS
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MODEL 5005-TF SINGLE ._;_V._I.,.NTTEST SYSTEM

PRESS TO

SELECT
4

0 CALIBRATE SYSTEM (calibrated)

1 DEFINE DUT LAYERS (defined)
2 SET TEST PARAMETERS (set)

3 CALCULATE LOOK UP TABLE (not ready)

4 BEGIN SINGE EVENT TEST (not ready)

5 DISPLAY TEST DATA (not ready)

6 PRINT DATA SUMMARY (ready).
7 SAVE TEST DATA (ready)

8 CLEAR TEST DATA (ready)

9 RECALL TEST DATA (ready)

PRESS THE SPACE BAR TO EXIT

a. System calibrated, DUT definedandtestparametersset

MODEL 5005-TF SINGLE EVENT TEST SYSTEM

PRESS TO
SELECT

0 CALIBRATE SYSTEM (calibrated)
1 DEFINE DUT LAYERS (defined)

2 SET TEST PARAMETERS (set)
3 CALCULATE LOOK UP TABLE (ready)

4 BEGIN SINGE EVENT TEST (not ready)

5 DISPLAY TEST DATA (not ready)

6 PRINT DATA SUMMARY (ready)

7 SAVE TEST DATA (ready)
8 CLEAR TEST DATA (ready)

9 RECALL TEST DATA (ready)

PRESS THE SPACE BAR TO EXIT

b. Systemreadytocalculatelook-uptable

Figure47. MainmenusLatusflags(continued)
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MODEL 5005-TF SINGLE EVENT TEST SYSTEM

PRESS TO
SELECT

0 CALIBRATE SYSTEM (calibrated)

1 DEFINE] DUT LAYERS (defined)
2 SET TEST PARAMETERS (set_

3 CALCULATE,LOOK UP TABLE (calculated)

4 BEGIN SINGE EVENT TEST (ready), ,
5 DISPLAY TEST DATA (not ready)

6 PRINT DATA SUMMARY (ready)
7 SAVE TEST DATA (ready)

8 CLEAR TEST DATA (ready]

9 RECALL TEST DATA (ready)

PRESS THE SPACE BAR TO EXIT

c. Systemre_utyforsingle-eventtestingofI)[.l'l'

MODEL 5005-TF SINGLE EVENT TEST SYSTEM

PRESS TO
SELECT

0 CALIBRATE SYSTEM (calibrated)
1 DEFINE DUT LAYERS (defined)

2 SET TEST PARAMETERS (set)

3 CALCULATE LOOK UP TABLE (calculated)
4 BEGIN SINGE EVENT TEST (acquired)

5 DISPLAY TEST DATA (ready]
6 PRINT DATA SUMMARY (ready)

7 SAVE TEST DATA (ready)

8 CLEAR TEST DATA (ready)
9 RECALL TEST DATA (ready)

PRESS THE SPACE BAR TO EXIT

d. _yst,emreadytodisp}ayprevioust ,estdata

Figure47. (h,ncluded
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Acquiring Single-Event Data Other Software Functions. 'Phe remaining c_ptions
(6 through 9) ot the main menu perrnit c_l)laining a1. Initialize the l)Uq' (using the event:detection

circuitt, printed data summery and manipulation of system

, ,". ,(, , _:v,,, TES'I"' data files (save, clear, and recall). Ali data files have a,t '2. l>re,_s .1 'I-/F,t,IN SIN ,l,t,, I,_\',,,._,

fr_>m the main menu. A display of the I)t!T suffix version number from 00() to 999. 'Phus there can

single-event tt)tal cr,_ss section similar t_ F'ig- be til) to I(,)()()versions of any data file. The systemure 48 should appear, data files are _Jrganized as a pyramid with t,he calibra-
3. li' the display does ntd al)pear, resel the All)(' ti_m data file, Sx/SCAI,, tit, the pinnacle. I;'_r each

unit. 'I'he t_tal cross secli<m is calculated and (past) system calibration, up to 1000 dift'erent 1)UT
defini(,i()n files, I)Lt I)t I, are p_)ssible, b'or eachdisplayed as the single-evenl data accumu-
I)UT definition file there can be up 1._ 1000 ditTerent.late. The total lmrlicle fluence is dislHayed in

the upper right-lm:nal cc_rner _t" the ph_t. test parameter files, SETTST. Each time a lcmk-Ul)
4 'Phe sinHle-event test is terminated bv l)ress- fable is calculated the SYSCAI.,, I)t,t I U l, and

ing the space bar. Sl,_,I 1S 1 version numbers are stored in the TABCAI,
r _ _afile. 1he:e. versicm numt)ers are st.¢_red with the q'OF

Reviewing Test Data. The cr_ss section vs. T t,,q, I,,..... and l,Eq _voltages and l,Eq' values in the I)L I active,
curve can I_e displayed for any singie-event c_de. The buried layer. For each set. of single-event data, the
display is a ft]notion ()t' the surface, average-etTective, TABCAI, version number is stored in the RAI) I, I" r '_S r '_

...... <_i,c', and theor exit I ET _sing the I)I1"1' defirlition and test l'ile with theTOF and I,E 1 voltages, t.he ......... ,
paramoters as Sl._ecified }_et'ore the single-event tesl, LET values.
or as current.ly sl)ecified. This allows any errors made
in lhc 1)U'I' (hfinili<>n and test-lmrameter specifica-
lions to be ct>rre<,ted. _l'_,:_elect option ,)_, "DISPLAY
lt,Sl I)A lA. lhe main menu status flags mtlst be
sel a:; in Figure 47c or Figure 47d.

TOTAL LOG CROSS SEC. (sq.cm) HARRIS HS-651# CMOS SRAM _'887q56
O+ -- + -- + -- + --+ -- + -- + --- +.... . -- + -- + -'- + -- + -- + -- + -- +

-1+ .... + -- + -- + -- + -- + -- '+ -- + -- + --+ -- + -- + -- + -- + -- + -- +
', ', l L 1 : 1 1 1 l : I : : l L

-E'. -- . -- + -- + .... + -- + -- + -- + -- + -- + -- + -- '+ -- + "-- + -- + -- +

-3+ -- + --- + -- _- -- + -- + -- + -- + -- +*-* + -- + -- + -- + -- + -- + -- +

__,.,. __ + -.- + -- + -,- + ,-- + -- + -- . --.+ .._ + -- + -- + ..- + -- + -- + -- +

-5+ -- + --- + -- + -,- + -- + -- + -- + -- + --- + -- + -- + -- + -- + -- + .... +

--6. -- + -- + --- . -- ._..... + .... _- -- + -- + -- + -- + -- . -- + -- _- .... + -- +
,, ,, ,, : ', ,, ,, ,, : ', ,, ,, ,, _ : :

-7+ -- + -- + .... " -- + --- + -- + --- + -- + -- + -- + -- +-- + --- + -- + -- +

-'8+ -- + -- + -- + --- + ..... + -- + -- + -- + -- + --- + -- + -- + -- + -- + ..... +

,, ! ,, ; ', : ', : ', : ', : : ', ,, :
-9+ -- + -- + -- + -- + -- + -- + -- + -- -_- -- + -- + -- + -- + -- + -- + -- +

0 5 I0 15 P_O P-5 30 35 AO A5 50 55 60 65 70 75

AVERAGE EFFECTIVE LET (MeV-sq.cm/mg)

Figure 48. Cr(,,ss secti(,n x's. l,f,;'l' curve t(_r the Harris HS-6514IlH SRAM. l)ata taken at l,(_ckheed Missiles and
. Sl)aCe ('_._mpan,v, Augusl 27, 1!.19().



5. Maintenance 5.2 NIM Modules and Bin
The NIM m(>dules and F)in essentially require no

5.1 PMT and Scintillators ,_ai,,(._,_,,,(._.t_,fe_t,,th_.E(;_(;O_t,_c,-_,_,,,,_.,l_f,,_
add itdonal inf()rmati()n. =

Maintenance tri' the PM'I' and base units sh()uld

be minima! and require n() att,entionunlessapr¢dflem 5 3 VacuulTI Systemis experienced (i,e., unaccepta[)le noise level, no)()ut- '
put signal, etc'.). Refer to Secti()n 6, Tr()uble Sh()t)ting. 'l'he va(!utlm system requires periodic mainte-

rr[le thin-film scintillat()rs used are 1 _m thick nance ()f'the Alcatel puml)ing _yst.em and the vacuttm
and are ('xtrenTely frol_*i/e, chamber. 'l"he Alcatel pumps ._,hc,uld be rnaintained

1. li' the foil is damaged, replace it. according t,o the owner's ma,_uals. "l'he v_t('tltlrll c.hflll.t-
ber is construct,cd using standard vacuum techn()l¢)gy.

'2. 'r() replace (he foil, rem(we the scintillator S()rrle sug/estions for maintaining the quality (ft' theholder :('r(ml the PMT.
vacuum are as f'()llows:3. I,(>()sen the Allen head setscrew and slide the

(w() half-pie(es ()f' Lucite plastic <,tit, of' the • Vent, the system with dry nitrogen gas.
aluminum holder (Figure ,19). ® Keep the inside ()I' the vac,uum chaml)er free ()f'

4. Rem(we all (d the pieces ()f' the ()ld ft)ii and dust, and fingerpri)lts.
replace them with new crees. (Try tc) gel the • (',lean and re-grease the exp()sed ()-rings every
new ft)ii as taut as l)_)ssible acr()ss the hole few m_mths.
with()ul breaking ()r tearing it,.) • Nee, I) the system ch)sed an(l l)Uml)ed d()wn

5 ....ar_fully piace the sec()nd half' ()f' the l,ucite when n()t in use.
plastic light pipe on tol) ()t the first and insert, • (,',lean ali I)LJT fixtures })eft)re installing them irt
it into the alumitaum h()lder, the vacuum chamber.

6. Make sure the ?)/,l..in. ht)le in the alun_inuna

h_,lder is aligned with the h(des in the l,ucite.

7 6. Trouble Shootingt)l;_('e,
'rhis secti()n hell)s y()u s()lve l)r()bl(-,nls with the

M_)del 5()()5-'i'F. 'I'()rise the l)r()blem determinati()n
pr(wedttres I)eh)w, first find rh(:, des('ripli()n ()f' the
sympt()m ()f the pr()l)lern. ']"hen read the pr()bal)le
(.'.au.'-;eand remedy. II' (he remedy d()e.'., )i()! (,()rre('.t (he

I)r()b]em, then ('())_ta('t ,'ql)e('t.rt_m ,'q('ien(,es.

6.1 Section 2.3/System Setup

_; and Preparation for Use
,'qVml)t()m' ()ii is ('()ruing fr()m the ()il-mist eli)ninat()r.

I)r()I)al)le (!atws(,: 'l'l)e i))ie)'nal ('art ri(lge is saturated
with ()ii.

l_en)edy: l'_eplace the intern,l cariri(Ige.

, 6.2 Section 2.4/Installation of
the Cf-252 Sources

_,¢_ ,'q\')nl)t())n: ,';()_)r('(,a('cess sl_tltter will ))()( ()l)e_.

_> ' _' l')',)l)al))(, ('atws(': _l'he ,_v._te)nis ))_,t ('(,)))))Jetelv vent e(l, "

H(,med\" ('(,replete the v(:')_li_ I)r(,('e(l_lr(,.

Figure49. {_](ra-thin-filn}s('ir_till.ti(,))(l(.l(.(,l()rlight.. ,';yml}t(,tn: 'Ihe _)}()(lifi(.(l ]ar_.,.etest s()u)'('e will n(,t fit
))ii)(:. a)_d h<)lucr' i)))<, lhe s(.,t_r('(, h<)l(ter.



Probable Cause: The s{mrce holder is not properly Remedy: Review the system pump-d{,wn procedures.
aligned.

Remedy: Realign the source holder. Symptom: The l_M'l's draw large currents when the

high voltage is applied.

6.3 Section 4,2/System Pr(,bable Cause: The i(m gauge has t)een M't on.

. Pumpdown Remedy: Turn off the iml gauge.
Symptom: The system will nc_t achieve a high

vacuum. Syral:)t_m: Pulse-height spectra cannot be obtained
Probable Cause: from the particle detectors.

• The vent valve is open. Probable Cause:
• An electrical feedthrough is missing or leaking.
• An 0-ring is leaking. • The NIM electronics are not cabled correctly.
• A foreign substance inside the chamber is out- , The detector power supplies or NIM bin are not

gassing, powered.
• The vacuum controller needs servicing. • A dc', power supply in the NIM bin has failed.
• The pumping system is not working prol)erly. . A thin-film scintillator is broken.

Remedy: Remedy:

• Check t_ see ii' the vent valve is closed. • Check the system cabling.

• Repair or replace any leaking electrical • Verify that the power supplies are on.
feedthroughs. • Verify that ali NIM module switches are set

• Fxamine the O-rings for wear and ensure that correctly.
they are seated properly. • Test the dc w_ltage values (m the side of the

• Remove ali items from the chamber and then NIM bin.

try to pump down the system. • Replace the broken scintillators.
• Refer t_._the GP and Alcatel manuals t'_r addi-

ti(mal problem del erminati(m pr(medures. Sympt_m: 'l'he AI)(,', unit does not al)l)ear to t'uncti_m

during the system (:alil)raticm or single-
6.4 Section 4.3/System testing.

Calibration pr,,_,,,_,te ('au._e: The p,,wer-on reset has failed, ,,r the
Symptom: The PMTs arc when the high w_ltage is AI)(,! unit is not cat,led properly.

applied. Remedy: lleset the AI)(; unit using the t'r_mt-panel
Probable Cause: The system is n_t pumped dc_wn l,_, switch. Verify t]m(, the tlllit, is cabled cor-

a high vacuum, rectly.
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l '/O',,'i_s tfc'.,,','w'ch A21,'_I I ,%NI;I ,1:%;_,1,5,_,

.lure, 7{;-:_{I, l!.}_!-_, l"il_n," NuHP_lr In.,,'trumPHt.,; c_nd Ah'th,d.,; in I'hy.,,'i(',,; I_P-

'M. I,. Mura, 1)..1. I_,urn,_{,{t,W. E. ,_tm,_,r, and H.E. ._,_r_'h ,42.1.1{ lilt{z,} .rF_l _F},_.

ln.,,trum_'nt,,; _nd M,'t/t,ds ,%'/( 197t)} I:LS-l:ll_. tics _1''l'hin t"ilm l}c,t{,{'l{_v's t_, l"is,d_,_ l"r_gm(_l,_," Nl_{'h'_r

:_'I. I,. Mura. "A Versalile dEA'Ix l}et{,cl{w t'_w Heavv lrl.s'lrurn{'nts _nd M,'th_,d,s' in l'hv._'ic.,; I¢_'._'_t'<'t_A?.,'51(l!}81-;)
Nl;_s,_N_ch_ar ]'articles," Nu{'h'ur ln.,4rum_,nt.,; c_nd MPth- 1{}8-11,1.
{_d._9.5 (19711 ?,49-:t7_,_L _l). Maplwr, T. K. ,_andvrs{nl, ,l. H. _lep]l{!l_, ,]. ],'arrell,

_1,, N.1u_,a,"l*_,_t_n_t,_ff'l'hi_l-Viln_ci_lillal_w ]}{:del'- I,. Adam,_. and l_, l Iarl}_>t_-_{>r{,ns{n_, "A_ l']xl}erime_tal
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lh_rl, ich,_ l,',miiled t}v (it'.2,_}2, '' /l:'El," 7'r_nsuc!i.ns un .NI_..In,,,trum_,tlt,,; ,_nd A,'h'th.d,,_ 12',1, N_>rth-H,,llmut Iq_h, {'{_.
(l!tT,_,} -_,11-54t;. _'h'r_r ,_ci_'nP_' N,_,'-2,'_N,. _i (1%%) 4277.

_:'11. A. t;;,nl.',v,lntruductiun lr_ Nuch,¢tr l'hy._ic.s. (1900
r'N'I, l,, Nl_l_Zaan(t ,I. I}. l'_ridge._, ",_t}{,vit'ic l,umines-

Add i,_{,n..Wesley, 4,1{1.vein's, _l_l({i_:,s ()f All)ha l','._rticle._ In NV-I{}2 _('intillal{)r
Film." Nulls'at lnstrumPnt,,; _znd /_,h'{h.ds l,'¢.g( ]_,t7(:;114:_- _:lI"].S{,_rv, W. A, P,_.njan_in, Nt_ch,i _nd l'_rlich,s (1977)
1,t7. 587.

';I_. K. l_alra ;'rod A, ('. ,_h{}ller, "l}assn/ze _}t' l"i,_si{_n _;I_. ('..N_rlhcliffe and !_. F. ,_cb.illintz, "l_an!z{' and
Fl'alzmHal,., 'l'hr{_uI_,h 'l'hin I"laslic ,_,cinlillal_ws," Nt_ch'_tr ,_{,{>l}l}in_ l}{Bver 'l'ahles t'm' H{mvy I{}ns," Nuch,_r l)atr_ A7
lw;trum_'nl.s' _znd Ah'th,,d,; in I'h'_',_i_'.;IiP.','PcH'H, t_,5 (]i}8.1) {1{)7{))Acad_,mi_' i'rv,_._, 27,i;.

1.1-I!L __',].F. Ziel_ler, tlctndb_mA' u/ Ntul.qn'nk, ('r_,,,'.';,%'_,'{'tl'Oth';

'F. 1}. Br{_{_k_,W. A {'illiers aral NI. ,_. Alli{,,"l_{_Sl){>n._{, f_r t,'ner_;Ptic hms in /til l_;h'm_,nt._ (4, t%r_am_m Pre._s
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""('. Mandtwhi, M. '1', Ru._s{_.Manduchi _nd (',. t". _:(',. F. Nra}II, lfmtiati,n l)_'t{'cli,n _d M_'_,_l_rem_'nt,
S{'_a1¢}, "l/{,,_t}{}r_s{,{,f l!llra-'l'hin S{,inlill_tl{}r t"{}il._I{} Fis- ,l{}hn Wih,y & S{}ns (197!})'l()r'.



!

APPENDIX A

Example Standard Operating Procedures
for Cf-252 Sources



SOP NUMBER HP 90022 9002

Responsible Org. 9351
=,

!
Safe Operating Procedure

For the

Californium - 252 Fission Fragment Source
Division 9351 Lab Area

This document contains safe operating procedures for the Californium - 252 Fission
Fragment Source in the Division 9351 Laboratory Area. Improper use or handling of this
source could result inserious personal injury.

Appro_,ed Date 3,pproved Da_
Ii. F. Hartman, 9351 G.E. Tucker, 3212

jA_ roved I Date
•Renken, 9350
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Safe Operating Procedures
for the

Californium - 252 Fission Fragment Source
" Division 9351 Lab Area

t
General

1. Ali persons designated or authorized to operate this equipment shall have a full
understanding of current operating procedures.

2. A copy of these procedures will be posted in a conspicuous place in the work area.

3. Californium - 252 is an inherently dangerous material. It is a source of gamma rays,
alpha particles, neutrons, and fission fragments. Ingestion of small quantities of
Californium can result in long term health hazards. Therefore, these procedures shall
be read and understood before using the source.

_)ecific

1, Rubber gloves are to be used if the source is handled and when the source is removed
or installed in the borated shield or the storage cabinet. When removing the gloves,
care should be taken to assure that any contamination will remain inside the removed
glove. After each removal of the rubber gloves, your hands must be washed with soap
and water. Gloves should be stored in a plastic bag and checked by health physics for
contamination before disposal.

2. When the source is not under vacuum and a test is finished, the source must be
removed and stored in the locked, borated neutron shield or in a designated plastic
box in the locked storage cabinet.

3. Care should be taken to never contact the sealed surface of the Cf-252 source in any
manner with any device or tool.

4. The borated shield must be locked when unattended.

5. When the source is in the vacuum chamber or in the borated shield, a highly visible
sign will be placed on the vacuum chamber identifying the radiation hazard.

6. Health Physics will provide a contamination wipe twice a year of the vacuum chamber,
source and plastic storage container'.

7. If contamination is observed, the source can no longer be used until cleared by Health
° Physics.

8. If it is found necessary to deviate from these procedures, contact E. F. Hartrnan,
" Division Supervisor, 9351, and the Health Physics Div'ision 3212.
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LIST OF AUTHORIZED USERS

NAME DATE ORG. SIGNATURE

J. S. Browning 2 2-°1o 9351 __. (_-r...--=-__ '

By my signature above, I indicate and agree that I have read the Safe Operating Procedure
for the Californium - 252 Fission Fragment Source, and that I will abide by the practices and
rules contained within this procedure.
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APPENDIX B

Dual-Channel Pulse-Height ADC Circuit Schematic



,,.... L, ,, ...... ii, .................. Jl ........... , .... , LI,, , IL ,,._.ill, ,,llinnl,h, Ll,, ,i,,,, H, IIH _,i hl l)l. Jlli[_lll ,,,JJJi, ,, L , ,dL ,, II J

"L



' kt,ii

i 'a ',

_> '^ _'ii.J
[,I -,A I_ ')£-'( I,,t

't r,

q,

i

, ,. _ ,1 ""_ _-( qAO IN 1
+i,' ' ta h " o_'_ _,_A" ._ ,n[') srlr, ,_AIlO

"l Irt/i (;' "'h
' '"' II _,8 II

'5 '_ ''"' t''''" Ind'l /'h'i'l _)'fl?"14

"_";";)';............... " " '.... " ''")I_'"........ ,t ?_;, '"' .... ' ,,_i'_"_"t,';,,':,"n':"''il_ .... "_ ' i"
I UP,_I• ! I ,_ '" rXilI _S_ I ITT )"J._i[

_? ,, , n ')._ , _z.u ..

4",_ a_l_ ffL' [l((l

.m

hl,+ 'h', I I!,_)()PI ,' 41!,di r_'_ _J

"_ D " l_ o )SV i) 't _ <.) I tj'

+'; , ) n I ..'_ )'_ _ 11 (l l+' _)')I-I_"I '-) I II
qs_+ )1_, Pf+AF text)_ /)_ "' 1"]4

A
{:()C

IAO A9 '3/

T_,I 111f_ '17 ' 1

+ "Ii +i'
t_'_ 36

....."" Iiit_.l I *

[)') )_ _Ilh+ la(') LI')), i_)II' )'.t "i)dl,l _'_( _ _ PI,','. v,, _6 _,_ T_ _ _'_ ..

..... ' ++"'+"+" '+" +" .... "+ t3m' _, +,t, t • _i, '+ 11....... _ +q I6 (, 4', k_ 6_7 5"k %,t .... .

. h)'!,{_ ,',V +[)( Llil MA I" C(NNILII}+Z

• -'" _ _l_, +

/!0 " _ u<v DNA "1
/ 4:16.'

....... ,......, +++ ,_,:,+++:_'+++,+_,
P " _ " 'iI +:,he ,)

+,' ," :,ft, i la+v + " I"A ii _ " )_'1_1 '

+,,t
,1.,, • 4J() .'

lA4 ' .l I A4

_'11+! i, _ +,_£ ,IYI'll

,,+ , rr,II_ i_',,_)_i',,."' _t_,_,'+
? ) , u'q

i i ,l+t

-- ' i, ,,,,., _1._ i)l,' I_ t, ) ')_h'
• )"' " ' m'_'+'4 ,_ _ ,,m:i'. _ _ _ 1);,_,! ,e it'.' t ,

,,, 1' r, ,, . p, _r_._ " +'"+'_ .5i'I.¢

" r fW") 4 t,_

.... ¢'+' +'t,:++'_ "'_
t_, ',L ))I. ,'tr +I_V"

ql, _z,, I Jell . +I,., . ,.

l+ ' 1,-' r ' "+'( Iu I + "I" -

/' n " 1_] _i_ 'it t+ '4')1)11_

++,i t_4,̀
LA 4_ ,w i,'_) li _.



APPENDIX C _ _

Software Description



a. Software Modules.

5005TF
l
l
MASTER '

w

-SYSCAL--STATUS--MASTER/

-DEFDUT--STATUS--MASTER/

-SETTST'-STATUS--MASTER/

-TABCAL--STATUS--MASTER/

-RADTST--STATUS--MASTER/

-DISDAT--MASTER/

-PRTDAT--MASTER/

-STODAT--MASTER/

--STOCAL....STATUS--STODAT/

--STODUT--

--STOTST--

--STORAD--

-CLRDAT-.-MASTER/

--CLRCAL .... STATUS--CLRDAT/

--CLRDUT--

--CLRTST--

--CLRRAD--

-- CLRSY S.... STATUS--MASTER /

-RCLDAT--MASTER/

C--RCL .AL .... STATUS - -RC ]JDAT/

--RC LDU T- -

--RCLTST--

--RCLRAD--



b. Module 500STF.

The 500STF executable module loads the ADC gain and zero offset
corrections from data file 5005TF.DAT. The 5005TF module calls

the MASTER module. The 5005TF.DAT record format is:

"500STF. DAT"

"<ADC unit serial number>"

<TOF gain>,<TOF zero offset>

<LET gain>,<LET zero offset>

EOF

c. Module MASTER.

The MASTER executable module implements the main menu. Based

on the selected option (0-9) it calls modules: 0) SYSCAL, I)

DEFDUT, 2) SETTST, 3) TABCAL, 4) RADTST, 5) DISDAT, 6) PRTDAT, 7)

STODAT, 8) CLRDAT, and 9) RCLDAT. There is also an option to

exit to DOS. The system status flags are displayed and control

the selection of options. The system status information is
stored in the STATUS.DAT file. The record format of the

STATUS.DAT file is:

"STATUS. DAT"

" 0 CALIBRATE SYSTEM", "<status flag: _(uncalibrated)' or

(calibrated)'>","<active SYSCAL version or _new'>",<highest
SYSCAL version number 000 - 999>

" 1 DEFINE DUT MATERIAL LAYERS","<status flag: _(undefined)'

or _(defined)'>","<active DEFDUT version or _new'>",<'highest.
D EFDUT version number 000 - 999>

" 2 SET TEST PARAMETERS","<status flag: _(clear)' or

' (set)'>","<active SETTST version or _new'>",<highest SETTST
version number 000 - 999>

".<status flag: _(not ready)'" 3 CALCULATE LOOK UP TABLE",

(ready)' or _(calculated)'>" "<active TABCAL version or _new'>"! l

C' '<highest TAB..A], version number 000 - 999>

" 4 BEGIN RADIATION EXPOSURE" "<status flag: _(not ready)'t I

(ready )' or, (acquired) '>" ,"<active RADTST version or

_new'>",<highest RADTST version number 000 - 999>

" 5 DISPLAY TEST DATA","<status flag: _(not ready)' or

' (ready) '>" ,"new" , 0

" 6 PRINT DATA SUMMARY", "<status flag: _(not ready) ' or

(ready) '>", "new". , 0

F_7



" 7 SAVE TEST DATA","<status flag: _(not ready)' or
(ready) '>.","new" , 0

!

" 8 CLEAR TEST DATA","<status flag: _(not ready)' or
. _(ready)'>" "new" 0

" 9 RECALL TEST DATA", "<status flag: _(not ready)' or
(ready]'>" "new" 0• , t D

EOF

d. Module STATUS.

T!le STATUS executable module reads the STATUS.TMP file, updates
the records of the STATUS.DAT file, and calls the executable module

specified in the STATUS.TMP file. The record format of tl_e
STATUS.TMP file is:

"STATUS TMP"

"<module to be called after updating the STATUS.DAT file>"

<record numb_.r of the STATUS.DAT file to be updated>

"<status flag>"

"<active file version or _new'>"

<highest file version number 000-999>

EOF

e. Module SYSCAL.

The SYSCAL executable module implements a menu for obtaining
the system calibration data and updates the SYSCAL.DAT file, and
creates the STATUS.TMP file. Either the MASTER or ADCCAL modules

are then called by the STATUS module. If the ADCCAL module is to

be called (to calibrate the ADC unit) then the SYSCAL module
omits the last two records from the SYSCAL.DAT file. The record

format of the SYSCAL.DAT file is:

"SYSCAL. DAT"

<calibration source light fission fragment peak channel number>

<calibration source heavy fission fragment peak channel number>

<test source light fission fragment peak channel number> _,

<test source heavy fission fragment peak channel number>

<light fission fragment peak channel number after first TFD>



<heavy fission fragment peak channel number afte r• first TFD>

<light fission fragment peak channel number after second TFD>

a <heavy fission fragment peak channel number after' second TFD>

<collimator area in sq. cm>

<separtion between, TFD in cm>

<TOF light peak voltage>,<LET light peak voltage>

<TOF heavy peak voltage>,<LET heavy peak voltage>

EOF

f. Module ADCCAL.

The ADCCAL executable module is used to calibrate the TOF and

LET voltage pulse heights. This is accomplished by

identification of the light and heavy mass fission fragment

peaks. The user has the option of reviewing previous calibration

data from the ADC unit, or acquiring new calibration data. If

the user opts to review the previous data, stored in file

ADCCAL.DAT, then a two dimensional plot of the TOF and LET

voltage pulse heights is constructed with the number of events

represented by the single digit exponent of the number of counts
recorded in the ADCCAL.DAT file for each voltage pair. If the

user opts to acquire new calibration data, then tl_e ADCCAL module

initilizes the Metrabyte PDMA-16 board, sets up a DMA transfer
for two 16-bit words, and waits for the transfer to occur. (The

ADC unit must have the upper right-hand switch set to the _CAL'

position.) When a particle event occurs the ADCCAL module writes

the voltage pair to the ADCCAL.DAT file and increments the

number of counts for the voltage pair. When i00 events have

occured, the ADCCAL module updates the two dimensional plot

display for the user. The user terminates the data acquisition

mode by pressing the space bar. Then the ADCCAL module locates

the peak values of the voltage pair counts for the heavy and

light fission fragments, appends the values to the SYSCAL.DAT

file, and calls the STATUS module. The record format of the
ADCCAL.DAT file is:

"ADCCAL.DAT"

<TOF voltage>,<LET voltage>

EOF



go Module DEFDUT.

The DEFDUT executable module implements the "DEFINE DUT LAYERS"
and the "DEFINE CHEMICAL COMPOSITION" menus for user definition

of the materials that comprise the DUT. The user may specify the

mass density and thickness for up to i0 layers of the DUT, and

define a chemical compound for each layer consisting of up to i0

different c,lemical elements. The last layer to be defined is

assumed to be the active layer in which all charge collection
will occur for the single event mechanism• The DUT definition is

stored in tl_e DEFDUT.DAT file, which has the following record
format:

"DEFDUT.DAT"

"<layer identification, default "">",_mass density>,<thickness>

<atomic number, default 93>,<atoms per molecule>

. . (i0 records)

(The above format is repeated i0 times•)

EOF

h. Module SETTST.

The SETTST executable module implements the "SET TEST

PARAMETERS" menu, stores the test parameters in the SETTST.DAT

file, and calls the STATUS module• The SETTST.DAT file has the

following record format:

"SETTSToDAT"

"<test id, default "">"

<angle of incidence>

"<degrader id, default "">"

<PL for degrader>

<PH for degrader>

<atomic number, default 93>,<atoms per molecule>

• . (10 records)

EOF

i. Module TABCAL.

6O



The TABCAL executable module calculates the look up table

which associates the TOF and LET voltage pairs with the surface,

average effective, and exit LET values for each fission fragment

in the active DUT layer. The first step of the calculation is toA

determine tile thicknesses of the gold cover layer of the test
source, the first TFD, the second TFD, and the degrader foil (if

, present). This is accomplished by matching the measured energy

losses of the average heavy and light fragments (stored in the

SYSCAL data file) with a thickness that gives the correct energy

loss. The technique used is a binary search to select

thicknesses that give the energy loss to less than 1% of the

measured values. The energy loss is calculated from integration

of the stopping power using a twelve point Gaussian quadrature.

The thicknesses for the heavy and light fission fragments are

then averaged to obtain an estimated thickness for the gold layer
in the test source, the first and second TFDs, and the degrader
foil.

The next step is to generate the ensemble of all possible

fission fragments from A=77 to A=ITI by simulated fissions that

yield one to seven neutrons for each mass number. The atomic

number of each fission fragment is estimated from the most

probable charge• Each fission fragment is propagated through the

gold cover layer, the first and second TFDs, the degrader foil,

and the layers of the DUT. The surface, average effective, and

exit values of LET are calculated for each fission fragment in

the last layer of the DUT (assumed to be the active layer for

single events). The TOF and LET voltage pulse heights are

estimated from a linear relationship between the pulse heights

for the peak values of the heavy and light mass fragments, and

the velocities of the average heavy and light fragments between

the TFDs (TOF pulse height) and the average velocity of the

fragments in the second TFD (LET pulse height). The pulse

heights and LET values are stored in the TABCAL data file, which
has the record format:

" 000" to " 999">""<"TABCAL"+highest version number suffix, .

<TOF volts>,<LET volts>,<surf. LET>,<avg. eff. LET>,<exit LET>

• . (665 records) . .

EOF

j. Module RADTST.

The RA[]I:_r executable module is use(] to acquire single event

data for a DUT. The total cross section vs. surface, average

effectiveL, or exit LET develops as the single event data

accumulates. The RADTST module first loads the look up table

ca]culated by the TABCAL module. Then the PDMA-]6 board is

]nitia]i}_ed, a DMA transfer of three 16-bit words is set up, and



the module waits for a transfer to occur. (The ADC unit must

have the upper right-hand switch set to the 'DUT' position.)

When a particle event occurs the RADTST module uses the look up

table to associate LET values with the TOF and LET pulse heights,

writes the voltage pair, LET values, and single event code (SEC)

to the RADTST data file, and calculates the single event cross

section for the LET values and the SEC. (The SEC &HFFFF is used

to code the event that no single event was detected in the [)UT.)

The user terminates the data acquisition by pressing the space
bar. The record format of the RADTST data file is:

" 001" to " 999">""<"RADTST"+highest version number suffix, .

• "<SEC>" <surf LET>,<avg. eff LET>,<TOF volts>,-.LET volts>, , . .
<exit LET>

o

EOF

k. Module DISDAT.

The DISDAT executable module allows the user to review single
event data stored in the RADTST data files. The module will

display the cross section vs. surface LET, average effective LET,

or exit LET for any single event code. Prior to executing the
DISDAT module the user may change any parameters in the SYSCAL,

DEFDUT, or SETTST data files• These changes will result in the

creation of a temporary, higher version of the RADTST data file.

Upon exiting the DISDAT module the user is given the option of
saving the new version of the RADTST data fi].e.

i. Module PRTDAT.

The PRTDAT executable module is used to print a report of the

current system data: SYSCAL, DEFDUT, SETTST, and a table of the

fluence, total number of single events, and the single event

cross section for any SEC as a function of the surface, average

effective, or exit LET in i MeV-sq.cm/mg increments.

m. Module STODAT.

The STODAT executable module implements the "SAVE TEST DATA"

menu, and calls either the STOCAL, STODEF or STOTST modules based j_
on the user's selections.

n. Module STOCAL.

The STOCAL executable module copies the current SYSCAL.DAT
and ADCCAL.DAT files into the S YSCAL and ADCCAL data files w:ith



the highest version numbers.

o. Module STODEF.

The STODEF executable module copies the current DEFDUT.DAT

file into the DEFDUT data file with the highest version number.

p. Modul_e STOTST.

The STOTST executable module copies the current SETTST.DAT
file into tl%e SETTST data file with the highest version number.

q. Module CLRDAT.
&

The CLRDAT executable module implements the "CLEAR TEST DATA"

menu and call the CLRCALt CLRDUT, CLRTST, and CLRSYS modules
based on the user's selections.

z

r. Module CLRCAL.

The CLRCAL executable module replaces all records of the
SYSCAL.DAT data file with default values.

s. Module CLRDUT.

The CLRDEF executable module replaces all records of the
DEFDUT.DAT data file with default values.

t. Module CLRTST.

The CLRTST executable module replaces all records of the
SETTST.DAT data file with default values.

u. Module CLRSYS.

The CLRSYS executable module copies the records of the
STATUS.CLR file into the STATUS.DAT file.

v. Module RCLDAT.

The RCLDAT executable module implements the "RECALL TEST

DATA" menu and calls the RCLCAL, RCLTST, RCLDUT and RCLRAD
modules based on the user's selections.

w. Module RCLCAL.



The RCLCAL executable module copies the records of the user
selected version of the SYSCAL data file into the SYSCAL.DAT

file.

x. Module RCLDUT.

The RCLDUT executable module copies the records of the user
selected version of the DEFDUT data file into the DEFDUT.DAT

file.

y. Module RCLTST.

The RCLTST executable module copies the records of the user
selected version of the SETTST data file into the SETTST.DAT

file.

z. Module RCLRAD.

The RCLP_D executable module updates the STATUS.DAT file
to make the user selected version of the RADTST file available

for the DISDAT and PRTDAT modules.
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