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Frequency Response Mechanisms for the GaAs MSM
Photodetector and Electron Detector
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Abstract—The GaAs metal-semiconductor-metal (MSM) w G
device is a very useful planar and monolithic-microwave inte- »| |- | |-
grated-circuit compatible photodetector and electron-detector. As |1
a photodetector, the MSM has been used for many applications in ))

the past, however, in this paper we demonstrate its usefulness as
an electron-beam detector as well. We present here a comprehen-
sive analysis of the primary detection mechanism (electric field
enhanced collection of generated electrons) as well as a newly iden-
tified secondary mechanism. This new mechanism is characterized
by a high detection gain, but low speed. Experimental results are
presented to verify the analysis, and possible applications are
suggested by utilizing each one of the two detection mechanisms.

Index Terms—Electron detector, GaAs, MSM device, photo de- GaAs
tector, photo tubes.

Fig. 1. Interdigital MSM device.

|. INTRODUCTION
HE GaAs metal-semiconductor-metal (MSM) device idevice as an anode for the phototube has been demonstrated suc-

a planar device composed of two back-to-back SchottFssfully by the authors [1]. _ .
junctions. It is usually constructed as an array of interdigital N this paper, we present an analysis of the MSM device,
metal electrodes deposited on top of a GaAs undoped epita>‘(|’z§]'0h is yahd for both Ilght or glectron detection. '_rhe anal-
layer grown on a semiinsulating GaAs substrate. The details¥#S considers the following two independent detection mecha-
the MSM structure are presented in Section II. The device #sMS: 1) the primary effect—electric field enhanced collection
usually operated by applying dc bias of a few volts across its i@f.charge carriers in the high eIectng field depletion region and
minals, thus establishing an electric field, which is well abov®) @ secondary effect related to the interface between substrate
the threshold for electron velocity saturation. When used a&Bd epitaxial-layer. The primary effect is relatively wideband (a

photodetector, the device is illuminated from the top by an ifeW gigahertz), butlow gain (optical responsiviti). The sec-
tensity modulated light beam. The photons are absorbed by ffary effect is narrow band (slow-megahertz range), but high

GaAs material and produce electron—hole pairs. These cha#@in and of alogarithmic nature. By suppressing one or the other
carriers induce electric current in the device, thus constitutirgé‘:mor‘_e_Can geteither alow responsivity fast detector or a high
the desired photodetection effect. responsivity slow detector. o

The same MSM device can be used also as an electron detectdf? Section Il the structure of the MSM device is presented.
Thisisachieved by bombardingthe device withabeamofhigh-eH2€ analysis of the device in the primary and secondary modes
ergy electrons. The electrons enter the GaAs material and catfggresented in Sections Il and 1V, respectively. The theoretical
impact ionization of the crystal molecules, thus creating a lar§8@lysis is verified by experimental results presented in Sec-
number of free electrons, which induce electric currentin the dén V- Discussion of the results, possible applications and con-
vice. Since each electron can ionize a large number of molecufdésions are presented in Sections VI and V.
a gain mechanism is established. Such utilization of the MSM
device can be realized in a large area phototube. Phototubes are Il. MSM DEVICE STRUCTURE

used in free-space optical communications, inter-satellite com-The MSM is constructed by placing contacts of a specific ma-
munications and microwave modulated lidar—radar systems. T@@ia| in a lateral configuration on semiconductor substrates. The
phototubes are vacuum tubes containing: a light sensitive phgrysical nature of the contact-semiconductor junction could be
tpcathode (releages free eIecFrons when |IIum|nated_), an elgc;ggtifying or ohmic, identifying the device as a photodiode or
field based focusing mechanism and an anode device, whichyighotoconductor, respectively. The geometry of an interdigital
an electron-detector (preferably with gain). The use of the MSpMs is shown in Fig. 1 and consists of metal pads and elec-
trodes deposited on bulk GaAs.

Manuscript received November 6, 2000; revised June 21, 2001. The electrodes have a lengthwidth W, and gap spacing'.
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Fig. 2. Cross-sectional view of MSM (Deviee“thin channel” and Devicé: layer d, : undoped GaAs buffer y
“thick channel”). layer d, : S.I. GaAs substrate

forward biased and the other reverse biased, leading to reduEdg® E'ectron bombarded MSM physical layout.

dark current compared to a photoconductive detector. The . .
dopant density of the semiconductor is usually low to achie\YécebCOHS'StS ofa 10 000-A layer of undoped GaAs. Devite

full depletion of majority carriers in the region between th escrllbed as a "thin channel”de_wce san.e the total a"ct|ve.GaAs
contacts. When used as a photodetector, incident photons Yer 1S onI_y SOOOAO(O'@m’ while the "thick channel” device
energy larger than the bandgap of the semiconductor strike an active [ayer thickness of 10 OO.O A qurh. Both wafers
region of bare semiconductor and are absorbed, resultingwﬁregrown_usmgmoleculgr-beam-epnaxy(MBE)methodsfrom
the upward transition of a free electron from the valence baﬁ\&ommermal water supplier.

to the conduction band. The MSM as an electron bombarded
semiconductor device is a novel application. There are some
significant differences between the operation of the MSM Various approaches have been taken in modeling the
as a photodetector versus that of an electron detector. Fifstgquency and time response of MSM devices under optical
incident high energy electrons will not be masked by thexcitation, including Monte Carlo techniques, linear state-space
electrodes, but penetrate the metal and contribute to the ovesalhlysis, and correlation methods. This paper does not concern
device gain. Second, the carrier generation process is not dhue evaluation or development of the dynamic response of
to absorption, but to impact ionization of the semiconductddSM photodetectors. Therefore, theoretical analysis of the
material. The incident electron creates an electron—hole ppiimary photodetection process is performed using a simplified
by an inelastic collision with an atom, breaking the covalemne-dimensional (1-D) analytical transit-time limited model
bond to free an electron, and giving sufficient energy to the frgeeviously published [2]. A novel theoretical analysis of the
electron to transition from the valence band to the conductignimary electron detection process is, however, presented here.
band. Large current gains are typical because each electroin developing an accurate frequency response model of the
in the beam creates more than a thousand electron—hole ppitgary detection mechanism for electron detection, special in-
in the semiconductor. Gain occurs as the incident energetiétest was paid to the transit time of carriers generated in the
electrons excite valence band electrons to the conduction balifferent regions and layers of the active semiconductor mate-
as they penetrate the semiconductor. The amount of gainrie for the “narrow” channel device shown in Fig. 3. The device
proportional to the amount of energy of the incident electraconsists of three semiconductor layers of thicknéssl,, and

and the energy needed to generate the electron—hole pair. #heThe two active layers aré, andd,, which are undoped in-
electrons in the conduction band and the holes in the valerteemediate temperature grown (IGT-3%0) GaAs and an un-
band travel in opposite directions by the field in the depletiotioped GaAs buffer, respectively. The third layer is a semiinsu-
region, which is enhanced by an applied field. The transit &iting (SI) GaAs substrate. For our samples the total thickness
the charges constitutes a current and the recombination ofdarthe two active layers is much less than the gap between elec-
electron—hole pair at a contact signals the measurement dfales or the electrode width.

photon or electron beam induced carrier. It is important to noteThe two layers of active semiconductor have very different
that an MSM device can be used as an electron detector farameters that will effect the collection of the generated elec-
radiation levels below the damage level to the crystal, whid¢ton—hole pairs. The layer of IGT GaAs was chosen to reduce
depends on the specific material structure. the device dark current.

In this paper, we analyze and present experimental results foAtwo-dimensional (2-D) modelwasdevelopedthatdetermines
the two MSM structures shown in Fig. 2. Device a represents ttie transit-time limited frequency response of the MSM for single
high gain slow detector, while Deviderepresents the low gain or multiple active layer devicesin detailin[6] withasummary pre-
high speed detector. The wafer structure of Dewicensists ofa sentedinthispaper. However,the devicesofinterestare notstrictly
1000 A layer of Intermediate Growth Temperature (IGT-368) transit-time limited and the device capacitance mustbe accounted
GaAs grown on 4000 A of an undoped GaAs buffer layer and Disr. This is accomplished by using the transit-time limited current

I1l. THE PRIMARY DETECTION MECHANISM
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response from the model as afrequency dependent current souerg high levels of radiation space charge may be formed, which
inthe equivalerRCcircuitofthe MSM. The modelassumesanapeauses interaction between holes and electrons.
pliedbiaslarge enoughtosaturate bothelectronsandholes,suchas

15V. Thereby, the carriersthatare collected atthe electrode arexsElectron Current Density

sumedtotraveltheir effective transitlength at saturation velocity. The electron current density for the IGT GaAs layer in region
Diffusion currentis neglected and currentflowis accounted forinunder the electrode is

thex direction only.
Referring to Fig. 3, the average distance an electron or hole Jn1a(Jw) = 4C1a {1 — exp(FiaW/2)
must travel before being collected at the electrode depends in Pl Pr1aW/2
which region it was generated. In region 1 under the negatig@d in the undoped GaAs layer is

electrode, a hole will be collected quickly since it has only to

travel from the creation point to the electrode. The length an Tnn(jw) = 7G [1 — exp(LusW/2) + 1} . ()
electron must travel is from the creation point plus the distance Payy PouW/2

between electrodes to reach the positive electrode. In regioRrae electron current density for the IGT GaAs layer between
both holes and electrons must travel from the creation pointge, ejectrodes is

the respective electrode. In region 3, the same transit distances

+ 1} ®)

occur as in region 1, but for opposite carriers. An approximatiogl2a(jw) — 4G2a 1 |:Jn1a(W/2) _ qG?@}
to their effective transit length is assumed where the average Poooa  Pr2.G Pr2e
distance is the semi-circumference of an ellipse with appropriate lexp(Pr2aG) — 1] (7)
radii for that region. dinth doned GaAs | .
The development of the transit-time limited frequency rédnd in the undope S layeris
sponse begins with the solution of the continuity equation. The qGa 1 qGa
continuity equations for electrons and holes, respectively, areg/n2s(jw) = Pooy | Py {Jnlb(W/Q) - PMJ
lexp( P2 G) — 1]. (8
%:EV-J,L—FG—R [exp(Pr2sG) — 1] (8)
4 The electron current density for the IGT GaAs layer in region 3
1 .
/N 5+ G-R ) under the electrode is
a - q Jsalie) = Loy L W2t 6) - e
where 3 e T PraaW/2 | Prza
. P, W/2)—1 9
PR o [exp(Pasat¥/2) =11 (9)
and in the undoped GaAs layer is
Jp = qpup. 3) P y

. G 1 G
L . . . Jjw) = + oy (W/2 4+ G) —
The contlnwty equatlons are solved in each region and Iayérzb(‘l ) Pn3b Pngbwf/2 [ Qb( / ) P }

to account for the different generation rates of each region and 3t

semiconductor parameters of each layer. The current density fexp(PazW/2) = 1] (10)

from each area contributes to the total current. Since the geng{fere; 4. represents the generation rate for that regidn.

tion rate varies sinusoidally, the device current will also. Thergyr each region is

fore, the current density will be of the fordh,¢/<* and.J,e?«*

i inui i I 1 (7

in the continuity equations. o _ P, = <_ +jw>/vn _ = <i +jwm>

The carrier generation rate for a incident beam of energetic n Le \ 7,

electrons can be expressed as

Jp fE;

Y
Goy(y) = 06046212 1240 (
o(v) gep, R < + R

wherer,, andr,. are the electron recombination lifetime and
y\2 transit timesy,, is the electron drift velocityL. is the effective
E) transit distance, an® and are the electrode width and gap
g3 dimensions. A similar set of equations for hole current density
+5.69 (E) ) (4) are presented below.

where J5 is the electron beam current densifyis the elec- B- Hole Current Density

tron backscattet; is the incident electron beam energy,is In solving the continuity equation for holes, the known
the average energy required to produce ionization,/&iglthe boundary condition is thaf,(W + G)Ay = 0 or the current
stopping distance of the incident electron in the GaAs [8]. Givdras to equal zero at the positive electrode. In solving for the
the generation rate in (4) ig-dependent, a per-unit-length accurrent density of electrons, the boundary conditions were
electron current.J,, Ay) flows in a layer of thicknesa\y. The satisfied at: = 0, W/2, andW/2+G. In solving the continuity
solution of the continuity equation is presented for electrons arduations for holes, the boundary conditions are satisfied at
holes in the six regions. It is important to note that this approach= W/2, W/2 4+ G, andW + G. The approach to the solution

of separate treatment of electron and hole currents is valid for hole current density is the same as for electron current
practical levels of light or electron illumination. Obviously fordensity, except for boundary conditions. The result for all
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regions and layers is summarized below since the derivation is

similar to electrons.

Inregion 1, the hole current density expressions for each layer

are
. qua 1 qua
; — 2y - ——~
Jpla(Jw) Ppla + PplaW/2 |:JPQG(W/ ) Ppla :|
- lexp(Pp1oaW/2) — 1] (11)
, 9G1 1 { qub:|
o1 (Jw) = Jpo(W/2) —
plb (J ) Pplb PplbW/2 pr( / ) Pplb
- lexp(Pp1sW/2) — 1]. (12)
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Fig. 4. Simplified MSM equivalent circuit.

In region 2, the hole current density expressions for each layesing the frequency dependent current response derived from

are
. qGQa 1 qGQa
, —_ - 2 _
JT‘QG (JCU) Pp2a + Pp2aG |:JP3G(W/ + G) Pp2a :|
- [exp(FPp2a G) — 1] (13)
. qGa 1 { 9Ga }
T (jw) = b | T (W/2+G) -
p2b (JCU) Pp2b Pp2b G p3b ( / ) Pp2b
- [exp(Ppar G) — 1] (14)

Inregion 3, the hole current density expressions for each Iayer

are
. qGha [1 — exp(Fp3aW/2)
Jn3a(7 = 1 15
. G [1 — exp(PpaW/2)
Jpa(jw) = 1. 16
pau(Jw) P [ PoasW/2 + (16)

the transit-time limited model and the transfer function of the
equivalent circuit of Fig. 4, the complete frequency response of
the MSM including capacitance and transit-time effects can be
represented by

To(jw) = !

1+ jwC(Rs + Ryp) J(jw) (20)

where.J(jw) is defined in (19).

V. THE SUBSTRATEEPITAXIAL LAYER BARRIER RELATED
DETECTION PROCESS

In this section we present an analysis of a secondary detection
mechanism related to the interface between the semiinsulating
substrate and the epitaxial layer. This effect is very similar to
an effect identified and analyzed by part of the authors for the
MESFET as an optical detector [4]-[8]. For the MESFET we

As with the electron formulatiorty . represents the gener-jo meq this the “internal” photovoltaic effect. For the MSM de-

ation rate for that regior¥’, ., for each region is

1 . 1 Ter .
(ot

vice this may be termed the internal unintentional bipolar tran-
sistor effect.

The difference in the background doping level between the
epitaxial layer and the semiinsulating substrate and subsequent

wherer;, andr,. are the hole recombination lifetime and transigiffusion of electrons from the epitaxial layer to the substrate
times,v,, is the electron drift velocityL. is the effective transit gives rise to a potential barrier
distance, andV and@ are the electrode width and gap dimen-

sions.

C. Total Current Density

Vbar = (kT/Q) 111(716/715). (21)

On the epitaxial side, the space charge is created by the posi-

The total frequency dependent current density is the summi€ly charged ionized donors, left behind by the migrating elec-

tion of all individual components

Jn(jw) = Tn1a(Jw) + Tn1s(Jw) + Jn2a(Jw) + Jnos(jw)
+ Jn3a(jw) + Jn3b(jw) (17)

Jp(jw) = Jp1a(jw) + Jp1s(Jw) + Jp2a (Jw) + Jp2s (jw)

trons. In this region the space charge densityyris and its
height is denoted byA. On the substrate side, a negative charge
distribution is established due to the electrons which have dif-
fused from the epitaxial layer. These electrons tend to concen-
trate close to the physical barrier, adjacent to the ionized donors.
Therefore, it is assumed that the charge distribution is a delta

+ Jpaa (jw) + Jpap(jw) (18) function at the barrier. Following the analysis in [4], the expres-
sion for the potential barrier is
J(Gw) = Ju(jw) + Jy(iw). (19) 2
The previous section dealt with the solution of the continuity Voar = qne 87/ (2€). (22)
equation for electrons and holes in all six regions of the MS'\AIternatively, we can solve faa
The average current densities were found by integrating over
the physical dimensions and the total average current density A = [26Viar /(qne )] ? (23)

is found by combining the responses of the individual compo-
nents. The total current densif}( jw) is used as the frequencye = o¢,. is the dielectric permitivity of GaAs. Thus, for given
dependent current source for the MSM equivalent circuit.  doping densities the barrier potential can be calculated from (21)
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and the barrier height is calculated from (23). The above expregiere, forG;, L, see Fig. 1n is the number of fingers,,, =
sions are valid for the “dark” status, namely, no type of excit&:. P,,: /hr = T, AP, /hc is the absorbed photon flux per
tion is applied to the device (except dc). When the MSM deviamit area per unit timeg is the light absorption coefficient,

is either illuminated by light or bombarded by electron flux, genz. = d; + d is the epitaxial layer height, amd; is the barrier
eration of electron—hole pairs takes place in the device volumeightunder illumination (see derivation below). For the elec-
(the penetration depth of both light and electrons depends toon bombardment case, the calculation is based on the gener-
light wavelength and electron beam energy level, howeverated electron and hole density expression derived in Section Ill
typical value is around Lm for GaAs). If the epitaxial layer [(3)-(4)]. The above density expression needs to be integrated
thickness is substantially bigger than the penetration depth thexer the barrier regioly = a. toy = a. + A;) to calculate

is no generation of electon-hole pairs in the barrier region, atite total amount of electrong/ (and holes”) collected in the

the only detection mechanism is the primary effect presenteddarrier per unit time per unit area. The result is

Section lll. This applies to some degree to device tyick

channel) in Fig. 2. On the other hand, for epitaxial layers thin N =P = (JpfE;)/(qe,R)F(ac, &) (27)
compared to the penetration depth, electron—hole pair genera-

tion occurs in the barrier region (in addition to the bulk of th#&here

device). In this case, in addition to the primary detection mech-

anism, there exists another phenomenon, which increases sub- £'(ae, A;) =0.64; +(3.105/R) [(ae + A - ag}

stantially the current via the device. This can be explained as fol- 9

lows: The barrier region is a high field region due to the built-in — (4.133/R )[(ae +80)° - af}

ellgctric. field, S0 the electron—hole pairs. generated by the ex- +(1.4225/R%) [(ae FAN - a;}}' (28)
citing signal (light or electron flux) establish a current between

the epitaxial layer and the substrate (the electrons flow into thgqming that all the electrons and holes are collected (due to

epitaxial layer and the holes flow into the substrate). This Cyiyg high electric field in the barrier region), the expression for
rentis in fact the base current of a “parasitic” bipolar transistqf,e pase current is

The MSM anode finger acts as the collector, the cathode finger
acts as the emitter and the substrate adjacent to the barrier acts _ (275 1)/ (epR)[Ew(n—1)GL+ EnnWLF(ae, A;).
as the base. This “transistor” has no base contact, so that current ' (29)

cannot be applied to it electronically, however, the illuminatioftne variables are same as for (4) and Fig. 1, exé&pis the
generates the base current for the transistor. This base curreffdgjent electron beam energy in the window regions Epds
amplified by the transistor and manifests itself as a “collectofje incident electron beam energy in the metalized regions.
current contributing directly to the MSM device current. Due Erom (24) itis obvious that for a given device the detected cur-
to the amplifying effect of the transistor, this “parasitic” effeCtantvia the device is proportional fg.... Looking at the expres-
may in fact be stronger than the primary effect, as shown Ryynsin (26) or (29) fof,..., 0ne may conclude that the detection
measurements in Section V. On the other hand, this parasifigchanism is linear sinck... seems to be proportional to the
transistor has a long pase, so that it is very slow, and the.refgl,f@nm amplitudé £}, or J3). This conclusion however is incor-
this secondary effect is much slower compared to the primagyt, since the nonlinear dependencéigf. on the signal level
effect (megahertz operation versus gigahertz operation).  enters via the barrier height; which is a function of the signal
We denote the MSM current due to this effecthys,, Since  |evel. This can be demonstrated by deriving the equation for the
itis the current contribution due to conduction via the substraig, rier heightunderillumination. The currdit.. viathe barrier

This current can be expressed as region under illumination is in fact lowering the barrier potential.
Using the well known expression for the currentin a diode the ex-
Lowr = Blbase (24)  pression for the barrier voltage under illumination is
whereg is the common emitter current gain of the “bipolar tran- Viari = M(ET/q) In(Tpase/Is + 1). (30)

sistor” (Sze [9]) and},.s. IS the effective base current
I, is the reverse saturation current of the barrier diode, and can
B =1/[cosh(Wg/L,) —1]. (25) Dbe expressed as

The effective “base width W g is estimated as the average dis- I, = Js[(n — )G+ nW]L (31)
tance of travelforthe electrons from*“collector”to “emitter”in the
substrate. For light illuminatiod s = G (gapwidth). For elec- WhereJ; is the reverse saturation current density of the barrier
tronillumination the effective base width is somewhat bigger, bdiode. The relation between the barrier height and barrier po-
the same value can be used as areasonable estimate. The bastegdigl is given in (22), and use of that equation in conjunction
rent expression can be derived by calculating the total current With (30), (31) produces the following nonlinear equation for
the barrier due to the excitation. For light illumination, the calcihe barrier height under illumination
lation follows the one presented in [4]. The result is

A? = 2eny (KT/¢*n) In[Dhase/(Jo[(n — 1)G + nW]L) + 1].

Ihase = 2¢GL(n — 1) Fpp exp(—afae + A)ad,  (26) (32)
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Photoresponse Comparison

1600 60
1400 » " 50
1200 /

1000 - ~ - 40

800 f¥=zz==zooo — 30
600 //éfi?/

Photocurrent (uA)

400 O e e > 2
/ —a— Thin Device: 10V Bias 10
200 i/v —e—Thick Device: 10V Bias
0 | | 0
0 100 200 300 400 500

Input Optical Power (uW)
Fig. 5. Thin and thick device photoresponse versus optical power (thick-right scale, thin-left scale).

Depending on the excitation type, either (26) (light) or (2%ig. 2(a) and “Thick device” to Fig. 2(b). For both devidés =
(electrons) is used fak,.s. in (32). In either case this equationd pm,G = 5 pm and the active area is 3@® x 300.:m. Note
is solved numerically ford;, the barrier height under illumi- that the curve for the thin device relates to the left scale and for
nation, using standard Newton—Raphson techniques. From (88 thick device to the right scale. Avery pronounced observation
it is clear that the dependence Af, on the signal level is of from Fig. 5 is the fact that the photo response ofttfie device
a logarithmic nature, thus the effect considered here is highgmore than an order of magnitude higher compared to that of the
nonlinear and of a compressive nature. thick device. This fact clearly indicates that in addition to the pri-
The dynamic properties of this detection mechanism are domary effect (Section Ill) there exists some other effect, since for
inated by the response time of the unintentional bipolar trative primary effect the higher response is fortthiek device, in
sistor. The charging and discharging of the barrier region is obntrast to the measurements. The explanation to this “contradic-
course also a limiting factor to the speed of this effect, howevéign” is that for the thick device the barrier is deep in the device,
the transistor response is the most limiting one. It is known frogo that the secondary effect is small compared to the primary ef-
basic transistor theory [9] that the transit time of the minoritiect. In contrast, for the thin device the secondary effect is dom-

carriers via the base is expressed as inating the response, as expected from the model in Section IV.
) Another observation from Fig. 5is that for the thick device the re-
5 = Wg/(2Dp) (33)  sponse is close to linear, which fits the primary effect model. In

contrast, keeping in mind the different scales, for the thin device

whereWpg is the base width anfd g is the diffusion coefficient - . . e .
N . the response is of a compressive nature (logarithmic like), which
of the minority charge carriers at the base. In our case the effec-

tive base width can be estimated at approximatelvthe oa Mdthmdicates that the secondary effect is the dominant one for this de-
: . app atelythegap vice. More measurements of this type are depicted also in Fig. 6.
TypicallyGisinthe orderof afew microns, while foramicrowav

transistor (cutoff frequency around 20 GHz) the base width ﬁ-|owe_verl, in this figure we haV(_a usgd a log scale for both axes.
ig. 6 indicates clearly the logarithmic nature of the secondary ef-

few hundred angstrom{500 A). Since the transittime is propor- . . .
tional to the square of the base width we can expect for our devfgct in the thin device.
q P o0 demonstrate the existence of the secondary effect related to

(G = 5 pim) a cutoff frequency of about 2 MHz. the epitaxial layer-substrate interface, we have measured the in-
duced photo voltage across the MSM terminals when illuminated
withanunmodulated lighwithout applying any dc voltage The

The theory and models presented in Sections Il and IMsultsofthis measurementare depictedin Fig. 7 for both devices.
were tested by a series of measurements. The results of thBlseresults showaninduced photo voltage, whichis dependenton
measurements are presented here. Due to practical constratre®ptical power. Ascanbe seen, forthethickdevicethereis prac-
the measurements were performed with 850 nm light extieally no photo voltage for low optical power levels. For high op-
tation only. The following two types of measurements wertcal powerlevels, enough electron—hole pairs are generatedinthe
performed 1) constant illumination (unmodulated light) and Darrier regionto cause the secondary effect, and aphoto voltageis
open-circuit photovoltage. created. Forthethindevice, photovoltageis observed evenforlow

Fig.5depictsthe photo currents ofthe MSM devices forarangewer level since the barrier region is not so deep and much more
of input optical power levels. The term “Thin device” refers taccessible to the light.

V. EXPERIMENTAL RESULTS
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Photoresponse Comparison
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Fig. 6. Photoresponse comparison using log—log scale.

Open Circuit Photovoltage Comparison
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Fig. 7. Photovoltage comparison.

VI. DISCUSSION requiring linear and fast detector it is desirable to enhance the pri-
mary effect (following the analysisin Section lll) and suppressing

The MSM device can be used as both a photo detector andlag secondary effect. The suppression of the secondary effect
electron detector. We have identified two basic detection meatan be done in a similar manner to the one used for suppressing
anisms: the primary effect related to the electric-field enhancedbstrate currentin MMICs. The method is to insert a buffer layer
collection of the electron—hole pairs and the secondary effect ttween the substrate and the epitaxial layer during the process of
lated to the reduction of the barrier between the epitaxial laygrowing the epitaxial layer. The buffer layer is made up of a large
and the substrate. The latter effect is causing current flow via thember of quantum wells. This can be achieved for example by
substrate. The primary effect is the “normal” expected respon$4BE or MOCVD growth of monolayers of alternating GaAs and
which has been analyzed in the past for photodetectors, and ani@&aAs. Such a buffer layer prevents substrate current, since the
lyzed here for the case of electron-detector. The secondary effgiedrge carriers attempting to flow between substrate and epitaxial
is a newly identified detection process in the MSM. The primaigiyer are trapped in the quantum wells.
effect is basically linear, while the secondary effect is of a loga- For applications requiring a response of a compressive na-
rithmic nature. In addition, the primary effect is relatively fasture, such as a logarithmic response it is possible to enhance
even for a large area detector (gigahertz range), while the stéie secondary effect and suppress the primary effect. This can
ondary effect is very slow (megahertz range). be achieved by reducing the height of the epitaxial layer. This

Due to the large difference between the two effects both @auses both reduction of the primary effect (by decreasing the
magnitude and speed, it seems that it would be undesirablestdume of the carrier collection) and increase of the secondary
have both effects in the same device. Normally, one would like &ffect (by decreasing the distance between the barrier and the
enhance one ofthe effects and suppressthe other. For applicatinace). One should keep in mind however that the secondary
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effectis very slow. Some improvement can be achieved in spe
by reducing the gap siz&. This causes a reduction in the transi
time via the “base” and, thus, increases the cutoff frequency.
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