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in this paper Io-JE discuss the electrical characteristics, the present 
.. s tate o+-the-art". the analysis of trapping and detrapplng phenomena and 
the results o ·f our 1nvestigatl.ons on HgI2 crystal. We present also a 
calculation of the carrier drift-mobility, both cutting the crystal parallel 
and perpendicular to c-axis. Some X and gamma spectra obtained are 
presented and di scussed wi th an eval uati on of the total noi S8 ~of our 
detection set-up. 

The wide bandgap of mercuric Iodide in combInation With the high atomIc 

I1Lhnber of this compound makes it an attractive material as semiconductor 

flucl eat- detector which operates at room temperature. 

l'Iost studies performed \\lith HgI2 and reported in literaturJ
1

-
51

, deal With 

the spec troscop i c behavIour of Hg I, detector ~\lhen IrradIated with 

radioisotopes which emit gamma or X-ray yielding low fluences of up to It~ 

phot.ons sec:1 em -2 • 

At present poor carriet- rnobJ.lity, for holes in particular (JL = 4 cmll J V*sec' 

and poor hoi e colI ect ion ( L"IIe have esti mated an upper-l i ml thaI e e+ f 1 cenc'y 
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co llectJ o n 0.7:52), are serious limitations for h igh energy photon 

s pectroscopy. 

We have carr i e d out systemati c measurement s on electrical 

characleristics ~ pol arization effect, trap densi ty and photoconduct lon in 

o rd e r to eva luate HgI2 as useful radiation detector, besides h ave 

ln vestigated new way of arrangeme nt for improving its performances~ a bove 

a ll to ove rcome its poor hole mobility. 

Ihl S report presents t he res ult s of our research fin a lized to s tud y t h e 

poss ibilit y of HgI2 applications in relativel y new fi elds , a s a survey 

dOS imeter with a very good scnsivity and s p atia l reso luti onffi~ 

Ihe Ilg [ , c ry s tal s in ves tigated in thi s work h ave been estracted from 

lngot s by L O .M. technology (temperature osci ll ating method) in a 

Crysta l s of 1 cm 2 surface area and thl ck nesses ranging 

200 Ilm to 9(10 Ilm h ave been u sed. 

pJatelets h as been contro l J e d with a short 

etcl-d ng In 20 t::: I s olution. The 

e l ect rodes are reali zed o n eac h pl ate l et 

s urface by vacuum evaporation of a thin film 

uf F'd or gold 500 A ) a nd upon a 25 Ilm 

t hichness s ilver wire i s bonding by 

Hydr Qco t 1 ag (sandwich arrangement) Samp le 

surface are passlve d by in s ulating and 

protectlve coat ing Humi Sea l. 

F'hotoel ec tr·on i c thecnlques h ave been 

~n de 1 y Lt sed for Hg I, whic h i s a good 

photoconductor. In the early stages of its 

deve l o pement , in order to evaluate it s 

per-+ormances as an X-ray detector. ~Je 

1 i ghted the detector by a photon 

rhickness uniformity of eac h 

A.U. 

250 

200 

150 

100 

50 

a \ 
400 500 600 700 

FIG . i -Spectral r esponse of 
photoconduct I v it y f or the 
samn l e N-8-2 at 23 C. 
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monocromatic beam of about 1-3 jtWatt/cm 2 coming out from a Xenon lamp and 

UptiCS MCI-04 minimonochromator (reso~ution of about 10 A ) and we measured 

the photocurrent in function of the wavelength. In Fig.l it is shown the 

excitonic peak which we have found as spectral response of the 

photoconductivity, in good agreement with the measurements of ref.8-9~ No 

particular differences were found with respect to the thickness 0+ the 

samples which was used, and to the luminous intensity at least as far as the 

genera l behaviour of the effect as a function of the wavelength. The 

s h ape of the excitonic peak gives also a good indication of both chemical 

and cr istallographic purity of the detector. 

In Fig.2 it is shown an I-V characteristic of a 350 P.ffi thickness HgI2 

sample, cut ortogonally to crystallographic-axis. Before taking the 

measurements we have pol ar ized the samples during 24 hours with 900 volt 

bias voltage to reach the steadiest condition. The first section of the 

I-V r haracteri s tic is~ with a good approximation, ohmic, then around 400 

volt the curve clearly changes its slope. fhe reason of this effect 

remains till now obscure. As the bias voltage is stepped up, working 

where the I -V characteristic is ohmic to be sure to avoid injection ,effect 

1000 

100 

100 V(V) 1000 

FIG.2: I-V Log-Log characteristic of 
350 p.m sampl e cut ortogonally to c-axis 

from electrods and SCLC 

phenomena. the current at first 

increases and then decays with a 

time costant varying from 1 to 

1000 SEC. By integrating this 

trap charging current (the value 

obtained has, of course, a 

dime n s ion of a charge) we have 

estimated the trap density of 

about 1014 -3 e m 

We have taken I - V 

characteristics f r om samples with 
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f-lb. ::. : I-V Log - Log charilcteristi c of 
UB'-, J.l.1II thick Hg]2 cut per p end icul ar ·ly 
to the layers. 

three differ-ent types of 

e lectrodes: palladium, carbon a nd 

gold. "'Je h ave not not iced any 

relevant di fferenc e between 

sampl es with carbon or palladium 

c ontacts , but the samples with 

gold contacts have a very high 

d a rk cut- rent: it seems that gold 

contacts caLIse a s trong c h arge 

injection, al so at relatively l o w 

b i as '10 1 tage . 

In Fi g . 3 it 1 5 shawn a n I - V 

c h aracteristic of a 880 

thi ckness HyI2 platelet, cut perpendicul arly to t he layers u sing an acid 

saw fed by 10'l. k I s olution. 

rhe measured dark current is roughly highe r' , compared to Fig.2. Using a n 

~c ld saw, we make relevant irregularity on th e I-Ig12 surface (about 50 Jlffi 

after a good etching in K I solution) and this i s surely t Il e cause of a n 

Inomogenous electriC tield with a ssoci ated point - effects that carry in 

charge injections. Ion s K + may e i ther get exchanged l ... i t h Hg or di tfuse 

irlto the crysta l. 

c- V measurement s on operat ing 

detectors s howed no dependence of 

capacit ance on bias voltages for 

fieLds up to 8.1*104 V/c m. and we 

h,;-,ve a vallie for t he dielectric 

const~nt oi Er=9.1. 

11gl2 detec tors were exposed to 

collimated alpha particles of an 

Am-241 source in a vacuum chamber 

v (mV) 

18 

10 

2 

o 100 500 1000 t (ns) 

FIG.4:Electroni c si gnal coming from 
Sefor-ad S R 205 tast preamp. e x pOSIng 
HgI 2 detector cut parallel to c - a x is 
at an Am-24 1 alpha s ourc E' . 
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and the pulses coming from a fast preampli fi er Saf arad Mod. SR 205 were 

recorded by a storagE CRT. The pulse rise -time was accurately measured by 

tracklng the tangent to the pulse in its origin on the time axis (Fig. 4). 

rrom the relation 

dQ d 

fJ.= * (I) 

dt EQ 
'-0 

dQ 
where is equal to the pulse rise-time tangent,d is the 

dt 
'-0 

distance by the electrodes and we calculated Qo,considering the pulse heigth 

after a long time to permit the detrapped charge to be collected, we 

measured the drift mobility of electrons and holes in the directions 

parallel and perpendicular to c-axis; all the results obtained are shown in 

Tab.1 together with the results quoted in literature and obtained not only 

by the time of flight 
(10) 

method , but also by Pl"tE effect (ref. 11) . The 

comparison of values quoted in the first three columns can give an either 

good check of the precision of the method used. 

0.8 
C; , 

0 a 
0; 

0.6 .3 
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0.1 

o 150 500 750 1000 1250 v (Vi 

FIG.5:Charge collection efficency vs. bias 
voltage of a .350 Jlm HgI 2 detectm- exposed to 
5.4 MeV particles. We can see that d~/dE, 
for E 0, very well fits the curve as 
far as E = 3 * 103 V/cm 
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Th e va lues are the max imum 

5,3 MeV 

Incident on cathode 

de 0.35 "'" 

A= 23 "",2 

3 4 5 6 18 ' 
lOO/Y 

., 
FIG.6:Pulse rise-time and 
normal ized charge colI ecti c 'n 
as a function of bias 
in H'll, detector N - 8 -2' . 
for alpha particles. 

o nes which have been obtained,however fluctations among the various sampleg 

no more than few percents as far as electron mobilities are concern'kd. 

Ho!e mobility fluctuations are more heavily from sample to samp.le: 

partlcularly varied from 9 up to 19 cm 2V-\.ec:1 This fact can be easily 
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~ttrlbued to different dafnages introduced lnto the samples by cutting 

operatIon and the highest value can be safety considered as a rapresentation 

value for hole mobility in our samples. The fact that hole mobilit y along 

the layer is higher than along c-axis is a fact that strongly dIf+erentiates 

(101 
Hg I, with respect to other layer compounds and even if it s hould be likely 

attr ibuted to different scattering mechanisms for electrons and holes In HgI 2 

Its origin remains relatively obscttre at this point. We h ave carrIed out 

systematic measurements of JlT: product for both carriers, cutting the 

crysta l s parallel and ortogonally to c-axis,follovllng d].++erent methods 

(see Tab _ I I ) . 

Tab. I 

Comparision of values 
ho l e Phd rlft mobility 
war-!.:. by T. O. F .('0 and 

Present work 

r. O. F. 

P.E.H . 

of electron Peand 
obtained by present 

P.E.M.1S1 method 

fl'l fl" 

101 67 4.5 19 

100 65 4.0 

23 

1 abo II 

P" ca lculation for holes 
and electrons~tor detector 
cut and to c - ax~s. 

--------------------------
<Jle"e ).L 4 * lO-tm 2 IV 

(flh "h)1- 6 * lu- ttm 2 IV 

<J1. e "e ) II 2 * 1 0-1:m 2 IV 

(Ilh"h)h 1. :2 * lU-'i:m 2 IV 

We have plotted 1] versus bias voltage app lied (see Fig. 5 ) and detector 

thic~ness expOSing the detectors cut perpend icular to c-aX1S to an alpha 

source of Am-2'11~ u si ng Hetch 's relation: 

d 

* (I - e fl"E (2) 

fl" E 

d 

where d is the detector thickness. 

Calculating d~/dE for E=O and assuming, in good approxlmation~ that d1J/dE 

ver y well flts the curve from E=O up to E= 3*1U 3 V/cm~ we have found the 

hole mobili ty- l ifetime product J1.h"h equal to 1. 2 * 10 5 cm 2 /V. 

Another method of deter-mining transport and tr a pPlng parameters make s use 

of a lpha partlcule spectra and charge-pulse shape analisys. Fig.6 shows 
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the !)-90 'l. rise time, and the normalized charge collectIon, In(Qo/Q). 

as a function of lOO/V for electron transport a t room temperature. The 

ratIO Qo/O is deter-minated from the alpha peak position in the spectrum. 

Assuming the followIng hypothesis: a) electron trapping 15 assumed to 

h~ve the dependence exp(-t/~E), b) detrapping is thought negllgeable and c 

d uniform dr1ft field exists in the HgI 2 detector, then J1.e "e product may be 

deter-minated directly from Fig.b. The injected charge decays as 

-t I t:e 
Q(t) = [Joe (3) 

\",here t:~1= (,&"+)1 + ("of~ ,,+ is the trapping-time and "0 is the detrapping-time . 

Wi th a transi t ti me TR = d/ J.t E the colI ected charge may be expressed as 

In 
Q 

Thus the slope of the line in Fig.6 

15 d.2 /J.l
e

'Ce ,andJLe'Ce is 2*10-~m2/V -for 

a detector cut perpendicularly to c-

axl.s. For a detector cut parallel 

to c-axis we have found Ilh"h = 6.187 

* 1 O-f!:m? IV and "" ~4 * 10-
5 

em' IV r-e e 

(all these resLIl ts are quoted in 

Tab. 11) The electron trapPIng time 

may also be determined from the pulse 

shape of the fast rise-time component 

of the collected charge. 

detrapping is neglected and a uniform 

field and trapping are assumed, the 

transient response is given b 
(12) 

Y : 

0' , 
I 

0' 

en 
0 
-' 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

o o 100 200 300 

150 ns 

400 
t(ns) 

FIG.7: Charge pulse transl.ent 
analisys used to determine electron 
trapping tIme for Hg1 2 sample N-8-2 . 

C! (t) Q [ l-exp( - t I,;)] (5) 

T 
R 

IhlS indicates that the trapping time may be determined from a plot of 

In[Q( 00) - Q(t)] versus t. This is shown in Fig.7 where is determi ned 

to be 3(10 nsec. 
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The differences between this value and the one determined by charge 

collection and transit time measurements ( 1980 nsec. against 300 ) may be 

an indication that the trapping and/or the electric field is not really 

uni form. 

Since the pulse shape measurement at fixed bias is very dependent upon 

field and trapping homogeneity~ the fiT; values based on charge collection 

are more meaningful. 

The number of pair-s created in the semiconductor- fluctuates following 

Poisson'statistic~ and the energy resolution ~ ~EF considering only this 

effect is! 

H.V. 
BIAS 
SJPPLY 

SPEC!' • 
AMPL. 

FIG.S: Block diagram of the detection set-up 

0 
G 5 

C, FET 
5 

R 5 
5' 

rIG_9: First stage of Seforad SR-205 
preampl i ·f i er. 

(6) 

wllere F is the upper - limit 

Fano factor that for HgI 2 

has been evaluted equal to 

and £ is the average 

enet-gy to crea te a pair 

hole - electron 4 ',' eV ). 

We have estimated that this 

effect contributes of the 

total FWHM of gamma and X-

ray peaks in order- to 8-13% 

in the energy range fr-om 50-

1311 l<eV and 10-50 KeV 

resf"1Ectively. 

Ihe nOlse done by the lncompleted charge collection 6Ec associated to the 

trapping effect. have evalutated using the empirIcal formula proposed by 

Henke
t12! Because in the case of Hg 12 fie 15 strongly different fr-om fi

h 
.• 6tc 

has not gaussian behaviour: 

A ( 1 - '1 ) E,' (eV) (7) 
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~..,here E, is the incident energy in MeV and A is an empirical 

constant. At general Henke~s formula is valable only for a collection 

effi c iency "1 

(~=4. 1*10: 

equal to 0.99, and using this value it has been estimated 

In Fig.8 it is shown a block diagram 0+ the 

electronic chain used. In Fig .. 9 it is shown the first stage of the SR 2 0 5 

SEFORAO preamplifier. The electronic noise 0+ all the detection chain 

(electronic and HgI 2 crystal) is given, following Radeka~s formula,by: 

T 
( 6E)' 

" 
6E )' +1. 18*10' Id 

"0 
+0 . 1 r; * (C; +2Cd Co ) .. (eV) (8 ) 

6En (eV) is the intrinsic noise of the preamplifier without 
o 

detector, 

Id (pA) is the detector reverse current~ 

(usee.) is the RC constant of time,as5uming the integration and 

differentiation constant of time to be equal~ 

l " (OK) is the room temperature~ 

rs (ohm) is the equivalent resistance in series to the first stage 0". 
the preamplifier~ 

is the detector capacitance (in our case the detector is 

directly joined to the JFET of the preamplifier without any cable ) ~ 

is the source-gate capacitance of the preamplifier fir s t 

s tage ~El. 

Obviously 6En is completely independent from the incident radiation a nd 

l'le have evaluated its valUe in " the range ""rom 850 up to 1100 eV depending 

fl-om the capacitance of the detector. As the noise components are each 

other independents~ the estimate of the total noise is given by: 

(9 ) 

a nd for a samples 3 50 p.m thick ~ .... ith a capacitance of 4.8 pF (at 1 MHz) and 

a reverse current equal to 680 pA at 900 V bias voltage~ we have found 

=2 .9 !(eV a s a theoreti c al value~ in good agreement with the E
FWHM 

= ~ .1 keV 

that we h ave found applying a pulse at our e xperimental apparatus ( with the 

d etector insert ) . In Fig. 10 it is shown the collection ef f icency ~ 

ver s u s the incoming r adiation and we can notice that ~ varies rapidl y a t 
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low e n ergy ~ in particular if the bias voltage is not too much high (below 

15(J Vol t )_ For a n incident radiation upon 100 f<eV becomes constant and 

depends only on the bias vol t age,because the holes not completely 

col lec ted. In I':- j g. I I we have plotted versus the incident 

raLilation energy E. Our e:{peri menta l curve is roug hl y different from the 

theor-et i cal o n e
(14

) (see Fig. 1 2 ) a nd this ca n be attributed to the hol e 

t r ap fJing effect a nd to the pol arization effect. In the Co-57 gamma spectr a 

1} ( %) 

100 

~ 
1500 V 
800 V 
300 V 

60 
50 V 

20 
I 

100 200 300 400 500 E (1:eV) 

FIG.10: Collection e ffi cen cy in function of the i n coming radiation E. 

s h ot.'Jn in Fjg. 1 _' 
"-' the p h otoe l ectric peak behaviour presents strong 

asymmetries ~ ca u sed by th e difference of the ~~ between hol es and e lectrons. 

This difference invo l ves a s patial variation in the collection e ·f f i cency 

that carry i n an indetermination in the electronic s~gna l high~ and this is 

th e princ ipal cause of the FWHM of the peak_ In low energy x spectra 

<Fi l)S. 14 - 15 where the sign a l i s due only · to electron collection~ we do 

not see any relevant asymetry~ so tIle photo~lea~ is not widened by strong 

trapping effect. But a l so in t hi s case the e x perlmental ~WHI'l is dl++erent 

fr-om the theoretic a l ValLIE' that we have a - prIori calcul a ted (1.e. 1 n the 

case 1 n F-l g_ we have an experi mental FltJHM of ~ KeV aqainst 

th eoret 1 cal pr-edictlon of 2.9) and this fact suggests u s that we are in 

pt-esence of polarization effect. When the bias voltage is switched to 
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zero, after irradiating the detector, the pol ari ty o ·f the output reverses. 

lhis effect decays in about one minute until, finally, small pulse of both 

polarity are observed. rhis effect is a proof of the presence of an indLtCed 

dipole electric field that is caused by electron traps that are filled when 

the 

rhe 

voltage is applied and subsequently empty slm~ly at zero voltage bias . 

presence of weak pulses of both polarity at zero bias indicate both 

conctats have a local electric field From these facts we assume that a 

potential barrier is formed when the conctats are applied, giving rise to a 

positive space charge. In Fi g. 16 it is shown the gamma peak of Cs-l::~ 1 

s ource at 662 l(eV : it is not particularly good and this is another proof of 

the high hole trap density in the detector. It is not possible to improve 

the collection efficency increasing the bias voltage by the presence of 

der.harge effects 

field up to 4 *104 

and charge injection from the conctats for an electric 

Volt/em that worse the spectra at all energies. 

crystals present good peformances as gamma and X ray detector in a 

energy range varyi ng from 10 KeV up to 1.5 NeV and they can work at room 

ten.perature \o'Jith good results,making them a good t.aol for dosimetrlc 

applications, in an energy range wider than ionization chambers. 10 

I mprove the Hg12 detector performances it is necessary to be careful at the 

following effects: 

- to riduce the trap density that gives origin to polarization effect and 

decreases the charge collection. 

- to riduce the reverse current,which is the principal cause of the 

detector acting above allan a better terhnique of cutting the 

d e t e ctors 

noise, 

from Hg1 2 

dark 

ingot, because surface stresses generate a direct 

lncreasement 0+ current. 

- to 

avoid 

optimize the metal 

dead zones under 

semiconductor conctat it 1S very important to 

the electrodes where the charge induced by the 

inc ident radiation is not collected. 

- to choose an electric chain as noiseless as possible , with a JFEr a s 
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Ilr"s t stage of the preamplifier .that has only Johnson noise. 

I he Hgl 2 car r-I. er nlobll1ty I S an handycap to Its emp l oy (see lab. 1}, so 

W~ tl~ve stud I ed the possibilIty of bUIldIng detectors cut perpendicularly to 

I hI::' I ayers, where we have Found a better hole mobility sec . ) . 

8ul lhe crysta l s cut In thIS way are very f,.-a9i1e and the s pectr a anallSYS 

have riol confirmed a n Impr-ovP-I1H?nt to the previous s i tuatIon, probably by the 

wOI -s e e l e c tron ~ l obil lty 

s tudying t h e poss ibilit y to bU Il d s urvey dosimeter t h at 

P::r' I O l L s Hq12 pe t- f or-mances as gamma and X- ray detector. 

rllIIt., -KeV fWIII~ -KeV,----------------, 

40 -

30 _ 

20 _ 

10 -

10 10
2 
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3 
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! Ir,_ 11: Ue ll t-\v l tJur o f ~FWHMflf tile pec=t l : 
II, fllflctlon 01 the IncI dent r.:\r!lal l on 
"" nf:t el )' r.:. 

COUIIU 

. '''''' 122 kef 

10. 150 tHAHt([lS lOO 

25 -

20 
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10 -

5 -

OL-____ ~~~~~~~~---J 
30 40 100 20 

Inc iden t Radiation - Energy KeV 

1- 1G . 1 'L= r',eoretic.:al cal cu I atl on by 
~ lontQcar l0 ~[ot hod of detector 
E'ne l~gy r-eS111utlon E FWHM as a func 
t l on o f r~dlation energy. 

Fig.13: Co-57 Gamma source. 
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Fig.16: Cs-137 Gamma source. 



• 14 • 

At..:!' NU"JLE.DGE 

~Ie ar"e grateful to Mr. AIda CROS ETHJ, who i s the responsable of 

mecC' S tH-- emelll instrument efficency, for his precious help 

realization of the present work. 

HEFERENCES 

H. L. MaIm I EEE Trans. Nucl. Sci. NS19, No.3, (1972),263. 

2 s. P. Swierkowski, 6. Armantrout and R. Wichner , Appl. Phys. 

No. 2'3, (1973),81. 

during 

Lett. 

3 - J. Llacer, K. Watt, M. Schieber, R. Carlstone and W. Schnapple, 

IEEE Trans. Nucl. SeL, NS 21, No.6, (1974),305 

4 - J. D. Ponpon, R. Stuck, P. Siffert, Meyer, c. Schieber and 

T.Schwad, IEEE Trans. Nucl. Sci., NS 22,(1975),178. 

5 M. Slapa, G. T. Huth, W. Seibt, Ho Schiebert and P. T. Randtke, IEEE 

Trans. Nu c l. Sci __ , NS 23, (1976),102. 

6 C. Hanfredotti, Nucl. Inst,.-. and Meth .• No 22, (1984),345 

7 M. Schieber, W. Schnapple and L. Van der Berg, J. Cryst. Growth, 33, 

<19761, 125 

B - c. De Blasi, S. Galassini, C. Manlredotti, G. Hicocci, L. Ruggero and 

A. Tepore, Nucl. lnstr. and Meth., 150, (1978),103. 

9 - A. Friant, J. Mellet, C. Baliou and T. Hohammed Brahin, IEEE Trans. on 

Nucl. Science, NS 27, (1980),7. 

10 - R. Hinder, G. Ottaviani and C. Canali, J. Phys. Chern. Solids, 37, 

(19761, 417. 

11 - C. Manlredotti, R. Murri and L. Vasanelli, Solid State Comunications, 

21, (1977),53. 

12 - Semiconductor Detectors, by G. Bertolini and C. Cache, (North Holland, 

19681, Chap. 5. 

13 U. Fano, Phys. Rev., 72, (1947), 26. 

14 C. Manlredotti and U. Nastasi, Rapp INFN/TC-83/2 

15 v. Radeka, Int. Symp . on Nuclear Electronics, Versailles, France, 

September 1968. 

16 G. Ottaviani and K. R. Zanio, Phys. Rev. a, Vol 4, No. 2, (1971~,422. 

17 s. P. Swerkowski, G. A. AimantrOl~t and R. Wicher, IEEE Trans. Nucl. 

Sci., NS 2 1, No.1, (197 4),302. 

the 

the 




