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Analyse of the lateral surface generation in MOS structures
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In the measurements of the generation lifetime, using the method of Zerbst, an effective generation lifetime is measured. According tc
model used, this parameter includes the real generation lifetime, surface generation velocity at the depleted lateral space charge regic
the diameter of the gate. In this paper is shown that not all but part of the lateral space charge region is fully depleted during the time
measurement. A correction of the model, taking into account the contribution of surface generation velocity only on the depleted lat
space charge region to the generation process, is proposed. The influence of this correction on the generation lifetime obtained by the m
of Zerbst is shown.
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En mediciones del tiempo de vida de gendvadisando el ietodo de Zerbst, se determina el tiempo de vida de geerafectivo. De
acuerdo con el modelo usado, estegpaetro incluye; el tiempo de vida de genetacieal, la velocidad de generanien la reghn superficial
de la regdbn de carga espacial (scr) lateral y édmiietro de la compuerta. En este trabajo se muestra que no tadsesino solo una parte,
de la scr superficial lateral permanece completamentertitess de portadores durante la medida. Se propone una cameaichnodelo para
tomar en cuenta, solo la contribai efectiva de la velocidad de genefatien la scr al proceso de genefaci Se muestra tamim, la
influencia de esta corre@si, sobre el tiempo de vida de geneéscobtenida por laécnica Zerbst.

Descriptores: Estructuras MOS; tiempo de vida de genebacivelocidad de generaxi superficial.

PACS: 73.40.Ty; 73.25.+1

1. Introduction depleted surface. Another modification, which takes into ac-
count the bulk generation and the space charge in the lateral
The advance in IC (integrated circuit) complexity and the re<spreading of the depletion region around the gate area, was

cal control of IC fabrication processes and the performancgffective generation width was also proposed [6].
of semiconductor devices. L

As the generation lifetime and surface generation velocity In all the above models it is assu_med_ that the lateral part
depend directly on foreign impurities and other kind of crys-°f the surface scr (space charge region) is fully depleted dur-

talline defects they are of great importance in process and add the transient response. It is well known that surface gen-

vice characterization. It is known that the methods of carrietera;['on has a mgmmurg valrl:e ata %gplletleg surch;}e.hHe_nce,
lifetime measurements are more sensitive to the impurities oruriace generation under the gate diminishes with the time

other kind of crystalline defects than the chemical and physl-due to t:_? SE_reenlng e:eTt of tf|1e n;lnorlty carrier |n\r/1er5|0n
ical trace analysis methods [1]. ayer, while this one at the lateral surface continue at the max-

The most frequently used method for determination 01Jmum. Itis also assumed in these models that the parameters

generation lifetime and surface generation velocity in MOSOf the lateral scr are identical to the vertipal one. If so, then
structures is the transient capacitance or so called ZerbE'Pt_a” but part. of the Ie}teral scr surface \.N'” be fully depleted
method [2]. Using the model of Zerbst, Heiman [3] deriveddl_mn_g the entire transient response. Thls means that the con-
an expression for the capacitance - time (C-t) relationship fO];r|but|0n_ of the lateral surface generatlon compongnt to the
fast evaluation of the bulk generation lifetime. Schroder am?eneratlon process must be reconsidered. This will also af-

Nathanson [4] showed that when the surface generation is ect the evaluation of the generation lifetime obtained by the

significant component of the total carrier generation a modiYS€ of the above methods.

fied analysis, which takes into account the surface generation The purpose of this work is to show that during the tran-
from the lateral surface, must be used. They also showeslient response of an initially fully depleted MOS structure
that it is possible to extract surface generation velocity of anot all but part of the lateral scr is fully depleted. The con-
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tribution of the lateral surface generation velocity to the total e
generation rate is reconsidered and corrected. The influence
of this correction on the extracted generation lifetime from

. e s
the pulsed MOS C-t measurements is demonstrated. g l . %
@

!
2. Theory Cf' o

When an MOS capacitor is pulsed into a deep depletion state"¥ | T
it returns to the quasi-equilibrium inversion condition as a ) T
result of thermal carrier generation in the bulk and at the sur- 4w O e
face of the device. Let us consider an n-type MOS capacitor
pulsed in dark from accumulation into deep depletion. In this
case five generation components, shown in Fig. 1, contribute 4 | l ) p-bulk
to its return to equilibrium [7]. They are: J_

X

1) bulk generation in the scr characterized by the generaFIGURE 1. Five thermal generation components in a MOS capac-
tion lifetime, 7,; itor under deep depletion operation. (1), (2), (3) generation in the
space charge region, (4) and (5) generation in the cuasineutral re-

2) lateral scr generation characterized by the surface genq—ion'
eration velocity,So; Using Eq. (3), the Eqg. (2) can be presented in the form

3) scr generation under the gate characterized by the sur- dns _ QfWg + n;S. (4)
face generation velocitys; dt Ty

On the other hand, the relation between the inversion
4) quasi-neutral bulk generation characterized by the mifayer carrier densityp,, and the rate of change of the de-

nority carrier diffusion length[,,; and pletion layer,W, can be expressed as [8]
dns NpCoy aw
5) back surface generation characterized by the genera- (Z =—Np (1 + 756 W) TR (5)
0€s

tion velocity, S..
whereNp, is the bulk doping concentratioty,,,. is the oxide

Let us assume that at room temperature the diffusion cufapacitance, _and_s ande, are the silicon d|ele<_:tr|c constant
d the permittivity of the free space, respectively.

rent can be neglected and the wafer thickness is greater th&ll ) d .
the minority carrier diffusion length. Then the components 4 . Eq::}atlng"trlle right hla?d sides of Egs. (4) and (5), and
and 5 can be neglected. In this case the rate of change §ping the well known refation

the inversion layer carrier density, is related to the carrier Wo— 1 1 ©6)
generation in the scr by [8] =S\ ot )
dn, n; A we obtain
dt = EWg —+ mSoA—q —+ niS, (1) _i Cox 2 B 202
or dt \ C "~ geoesNp
geoesn; [ Cf > qniS ]
, X|=—— = -1+ . (1)
dCZLS = EWQ + TLiS()Wg% + nZ-S, (2) |:Cf00967—g < C Coz
[ Tg

The slope of the so-called “Zerbst” plat/dt)(C,,./C)? ver-
wheren; is the intrinsic carrier concentratiorl, = 72 is ~ SUS((Cy/C) —1) givest, and the intercept giveS. HereS
the gate area; is the radius and is the diameter of the gate 1S an effective surface generation velocity which has a maxi-
electrode A = 27rW,, is the area of the lateral portion of the Mum value, equal t6, at the beginning of the transient pro-
scr,W, = W — Wy is the generation region widtfi}’ and ~ C€SS and it decreases with the time due to the screening of
W are the width of the scr and its final value, respectively. 9-" (generation - recombination) centers by the minority car-

An effective generation lifetime can be defined as [7] riers accumulated at the interface. The relation betwgen

and minority carrier surface concentratigg, is given by [9]

1
= (1425m) @ 5= 20 (2 )i (2). ®
d ™ Ps n;
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It has been shown that there is almost a linear rise of thetarts at about0~2 sec. This fact was experimentally con-
minority carrier concentration with the time [10]. This meansfirmed by Wei and Simmons [11]. As the time passes the
that surface minority carrier concentration can be related didevice starts to stabilize. During this time the minority carri-

rectly with the time ers grow up to a value compatible to the bulk doping density
N and start to create an inversion layer until the device comes
Py = <tD> t, (9) to equilibrium.
! The minority carrier distribution with the time is pre-
wheret is the final relaxation time [9]. sented in Fig. 3 [10]. As can be seen from Figs. 2 and 3
) for a time greater thaf.01 sec, corresponding to the mea-
2.1. Lateral surface generation surement of the capacitance transient, the surface is screenec

Let us first to analyze the processes in an MOS capacitor ju% the minority carriers with concentration compatible with

after a depleting voltage pulse is applied on the gate. Collin§aat of the doping one. This means that the value of sur-

and Churchill [10] showed that in that case the surface under ce generation will be quite low compa_red to that at the d_e-
the gate inverts in a very short time (of the ordet of? sec) pleted surface. The change of the effective surface generation

! 3 L vaith the minority carrier surface concentration and with the
compared with the observed capacitance relaxation time (Qume during the equilibration period, according to Egs. (8)
the order of10 - 100 sec). Then the simple assumption for ' ' )

. L ) and (9) is presented in Figs. 4 and 5, respectively. As can
the volume concentration of minority carriers at the surfac ' ; T
. . e seen from these figures the effective surface generation is
after the first milliseconds,

very sensitive to the surface carrier concentration and drops
(10) very rapidly with the time.

However, as it was already pointed out, in the models

is no longer valid at the surface under the gate of the Mosabove it is assumed that the parameters of the lateral scr are

capacitor. As they have shown, after the pulse is applied threﬁientical to the vertical one. This means that the distribution

d!stlnct.reglons, _shovyn in Fig. 2 [1(.)]’ can be revealed: t.h.eof the minority carriers along the lateral part of the scr is the
dielectric relaxation time, the depletion time, and the equili-

bration ti During the initial dielectric relaxation ti same as that presented in Fig. 3, but the origin of the coordi-
thra |or(1j |mef.107lf£|n19079e n! Iath 1eee ”(.:t relaxa Iondlmle :)n nate system is at thg;-S; O, interface and the vertical axe is

€ order o - sec, the majorily carriers depiete, 4 the edge of the gate electrode. This means that during the
building up the depleted surface scr.

? N 9 1no time of measurements, on a part of the lateral surface, minori-

During the erlenon time on the order uf _10 _ S€c, ty carrier concentration will be much greater than the intrinsic
surface potential is relatively constant. The equilibrium tiMe carrier concentration. For this part of the lateral surface area
surface generation will be lower than that corresponding to

dielectri depleti ilibrati . .
. reloation e | A oration the fully depleted surfaces,. Indeed, from Fig. 3 itis seen
[ time
ng
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FIGURE 2. ng, ps and surface potentiah,, versus time foraMOS  FIGURE 3. Logarithm of minority carrier concentration versus
capacitor pulsed from flat band to inversion. depth with the time as parameter [10].

Rev. Mex. i&.50 (1) (2004) 1-5



P. PEYKOV, T. DIAZ,

100 4

s

104

S(p.) (cm/sec)

T T T
3x10" 4x10® 5x10"

p, (cm®)

T T
1x10"™ 2x10"

FIGURE 4. Effective surface generatiof, as a function of minor-
ity carrier surface concentratiops, for So = 1000 cm/sec.
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FIGURE 5. Effective surface generation as a function of time for
So = 1000 cm/sec and; = 50 sec.

that for atime> 1 sec to a distance of approximat@ly25,:m
from the surface (or from the edge of the gate electrode) th
concentration of the minority carriers is greater thanThis
part is approximately /4 of the scr ¥V ~ 1um).

At the rest of the lateral sc{ 3W/4) surface genera-

tion velocity must be that corresponding to the fully depleted

surfacej.e. Sy. According to this approximation and taking

into account the contribution only of the depleted surface to

the generation current we can write Eq. (3) in the form
SSng

-1
Tg<1+ d > .

Before to proceed further it will be useful to calcul
versusr, with Sy as parameter, using Eq. (3). The result is

7_/
g

(11)

presented in Fig. 6. As can be seen from the figure, for ap-

proximatelyr, > 5 x 1075 sec atS, = 100 cm/sec and for
74 > 107 sec atSy = 1000 cm/sec,r; does not depend on
the 7,. According to Eg. (3) [or Eq. (11)], this is due to the

fact that the second term in these equations becomes mucl.

~
~

greater than, i.e, 7, =~ 7, (surface lifetime;r; = d/4S))
andr, practically does not depend op.

AND M. ACEVES

S, =100 cm/sec
—§, = 1000 cm/sec
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FIGURE 6. Effective generation lifetime versus generation life-
time for Sy 100 (dash line) andl000 (full line) cm/sec and
d=6x10"%cm?.

Taking into account these results and according to the
models given by Egs. (3) and (1L, as a function ofr,
was calculated. The results are presented in Figs. 7 and 8.
According to Fig. 7, forSy; = 1000 cm/sec, with the increase
of the measured effective generation lifetime the difference
in the real generation lifetime between the two models in-
creases. While for low values of the effective generation life-
time the difference can be neglected, for high value%of
(= 107" sec) the error can be more than one order of magni-
tude. With the decrease 6f, the difference between the two
models decreases and f&y = 100 cm/sec it is very small, as
can be seen from Fig. 8.

3. Conclusions

In the measurements of the generation lifetime, using the
method of Zerbst, an effective generation lifetime is mea-

sured. According to the model used, this parameters include
€he real generation lifetime as well as surface generation ve-
locity on the depleted lateral scr.

— eq.(11)
eq. (3)
$,=1000 cm/sec

10% 4

10° 4

107 4
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FIGURE 7. 74 as a function Ofr; , according to the two models
(Egs. (3) and (11)) fo5y = 1000 cm/sec.

Rev. Mex. .50 (1) (2004) 1-5



(sec)

T

ANALYSE OF THE LATERAL SURFACE GENERATION IN MOS STRUCTURES 5

10° 3

1 — eq.(3)
109 | eq. (11)
E S, =100 cm/sec

10° 5

10° 5

107

10 A—rr —— ————————ry
107 10° 10°

rg‘ (sec)

FIGURE 8. 74 as a function ofr;, , according to the two models
given by Egs. (3) and (11) fas, = 100 cm/sec.

LSSV R

Using the transient analysis of the vertical scr [10] it has
been shown that not all of the lateral scr is fully depleted dur-
ing the measurement time. A correction of the model, taking
into account the contribution of surface generation at the de-
pleted lateral scr, is proposed. The influence of this correction
on the real generation lifetime is shown.

According to the analysis it is important to interpret with
care the measured effective generation lifetime because the
real one can differ from it. The interpretation must be done
carefully mainly in the cases of; high effective generation
lifetime, small diameter of the gate electrode and high sur-
face generation velocity. The analysis above can be useful in
process and device characterization.

Acknowledgment

The authors thank to CONACyYT Mexico, for the financial
support.

. K.M. Eisele and E. Klausmanolid St. Tech10(1984) 177.
. M. Zerbst,Z. Angew Phy22 (1966) 30.

. F.P. Heiman|EEE Trans. Electron. De¥eD-14(1967) 781.

. D.K. Shroder and H.C. NathansoBplid State Electronl3

(1970) 557.

. K.S. Rabanni, J.L. Pennock and L.R. Lan8nlid State Elec-

tron. 21(1978) 1577.

. K.S. Rabanni and L.R. Lamlgolid State Electror21 (1978)

1171.

7. D.K. ShroderSolid State Electror27 (1984) 247.
8. D.K. Shroder|EEE Trans. Electron. De¥eD-19(1972) 1018.

9. T. Changhua, X. Mingzhen and H. Yandor&plid State Elec-
tron. 42 (1998) 369.

10. T.W. Collins and J.N. ChurchilllEEE Trans. Electron. Dev.
ED-22(1975) 90.

11. L.S. Wei and J.G. Simmonsolid State Electronl8 (1975)
853.

Rev. Mex. i&.50 (1) (2004) 1-5



