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Abstract ~ Deep submicrometer MOS devices often need
special structures to optimize their performance. The HALO
structure, or pocket implant, is usually adopted for PMOS
to reduce off-state leakage current and enhance on-state
drive current. This paper studies the tilt angle effect of
HALQ implant on device performance. It is found that
device with higher tilt angle gives reduced body effect and
increased source resistance as compared to those with low
tilt angle, and the effect of resistance and body effect
compensates each other, resulting equivalent DC
performance for different tilt angle. We suggest that based
on this equivalence of DC performance, high tilt angle
should be adopted for HALO devices due to their lower
junction capacitance.

I.INTRODUCTION

Halo structure is a promising architecture for sub-
quarter micron technology [1-3]. Several previous works
reported that HALO with high tilt angle greatly improves
device  performance  with  acceptable  off-state
leakage(I,¢)[1]. There also exist works claiming that
HALO implant will seriously degrade performance (I45ar)
due to increased source resistance[3]. The performance
limit of HALO devices and determination of tilt angle
hence is a critical issue and open problem. In this paper, a
new investigation on tilt angle of HALO PMOS is
presented. It is found that tilt angle of HALO implant
does not affect the final device performance (L4, and Iogr)
if proper dose is adopted. This performance equivalence
of various tilt angle is due to the self compensation
between body factor and source resistance. Based on this
result, high tilt angle should be adopted because of its
small junction capacitance.

I1. EXPERIMENT

The process flow used in our experiment is summarized
in Table I, and the symbol “ * ” in the Halo-implant block
denotes the parameter to be adjusted. The simulated
device cross-section with doping concentration contours
is shown in Fig.1, and split conditions are shown in Table
11. The effect of various tilt angles, including of 0°, 15°,
30° and 40°, are studied with various HALO implant
doses to explore their performance limit. All HALO
implants are with energy of 130 KeV. The gate length is
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TABLE |
ProCEss FLow

PROCESS STEP PROCESS CONDITIONS

P-type formation | <100>: Boron concentration:1.3e¢15¢cm™

material/dose/energy:

N-well formation 5
Ph/1.3el3cm™“/460keV

material/dose/energy:

Channel implant <
Ph/2e12cm™/40keV

Gate oxide thickness:55 A

Poly deposition thickness:0.1 um\length:0.18 um

material/dose/energy/tilt :

Halo implant
As/*em2/130keV/*degree

LDD implant material/dose/energy:BF,/1el3cm™/25keV

Spacer formation length:0.08 um

material/dose/energy:

N
P" S/D implant BF»/2¢15c¢m™2/30keV
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MEDICI|[5] are used in this analysis. To obtain reliable
process simulation, all implantation model parameters,
damage model and diffusion model parameters have been
calibrated with SIMS data[6], with both as-implant
profile calibration and after-annealing profile calibration.
Lateral scattering parameters were determined by Monte-
Carlo analysis. For device simulation, mobility
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Fig. 1 The Halo PMOS cross-section.



TABLE I1
SpLiT CONDITION

HALO implant condition

on the above observation, we suggest that tilt angle of
HALO implant does not affect ultimate device
performance. This statement is further verified in Fig.
2(b)-(c). Here, we define a novel figure of merit
parameter S=(8l4:/0log), indicating the sensitivity of
drive current versus off-state leakage current. Note that
the parameter S can be further decomposed into two
parameters S; and S, (8=S,x8;), with §;=(814,,/6Dose)
and S;=(8Dose/dly¢). It is clearly shown in Fig. 2(b)-(¢)
that $;(40%)=-4.1x10""7, §,(15%)=-3x10""7, $,(40%)=
-5.26x10"and S,(15%=-7.2x10"". Hence | $,(40°) |
> 8,(15° | , and | S,(40°) | < | S,(15°) | in
Fig.2(b)-(c). As a result, S(15°) is approximately equal to
S(40°), pointing out that HALO with tilt angle of 15° and
40° lie in the same lg,,~Io¢ trend line, demonstrating the
fact that tilt angle does not affect final performance.

The equivalence of device performance for various tilt
angle is further explored by analyzing two electrical

Gamma and

split number dose #/cm™ tilt degree
A 3el2 0°
B Tel2 0°
C 9¢12 0°
D lel2 15°
E 3el2 15°
F Sel2 15°
G lel2 30°
H 2el2 30°
1 3el2 30°
J 5.2e12 30°
K 8.5ell 40°
L lei2 40°
M 2el2 40°
N 3el2 40°
model parameters, including both vertical field

degradation and velocity saturation[S], have been cal-
ibrated with devices from a 0.25um technology with
0.18um, gate oxide thickness of 554, LDD dose of
10"*/cm® with 25KeV, and nitride spacer of 0.08um. The
process simulator TSUPREM4 [4] and device simulator
similar thermal cycles. To define the device performance
target, we extract the off-state leakage current I ¢ from
bias on V= -0.1V,V4,= -1.8V,and on-state drive current
Lisar from V= -1.8V,V4=-1.9V,

III.RESULTS AND DISCUSSIONS

In Fig.2(a), a scatter plot of I, versus I, for various
tilt angle and implant doses are presented. It is observed
that all splits lie on one unified trend line, indicating that
different tilt angle will eventually give identical DC
performance, i.e., same I45,, with similar I ¢, provided that
proper HALO implant dose has been adopted. Based

3.0
X »
7t
~ 25 e
g Unified trend ling  —— gl
nified trend line Ve
2 )/;
« 2-0 [’ -’
S e’
L 15 e
2 . stilt=0 ®tile=15
1.0 .
. & (ilt=30 tilt=40
-
05

1.E-15 1E-14 1E-13 1E-12 1E-11 1LE-10 LE-09 1E-08 1E-07 1E-06 1.E-05
-LoglO{logs] (A/pm)

Fig. 2(a) The I ¢ versus Iy, with different tilt and dose.

parameters: (body factor parameter)
Rs(source resistance). The motivation for analyzing
Gamma and Rs is based on the fact that the doping
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Fig.2 (b) The pocket implant dose versus I4,;.
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distribution in devices with 40° HALO and 15° HALO is
obviously different, and the performance equivalence
should be due to a self-compensation of several different
mechanisms, which will be discussed as follows. The
body factor parameter Gamma is calculated by taking the
average depletion charge density in the Gamma-
calculation-box near drain as shown in Fig. 3,and using
the following equations

\2gs, N, /C ox

where N_d is the average depletion charge and define as

il

7 1

N ,dxd
JIN . dxdy .

X

J
” dxdy
Xy

In (1), C’,, is the gate oxide capacitance, g is unit charge
density, and & is the Silicon dielectric constant. The
source resistance Rs is evaluated based on distribution of
quasi-Fermi potential ¢qr and the formula Rs=(8¢¢ /14sa).
Here, 8¢ is the weighted mean of ¢4r with current density
as the weighting parameter[7], and define as

sor= 2 Pa)

>
Note that Rs is divided into three
Re=R+R,+R;, denoting diffusion resistance,
crowding resistance, and drain-channel junction crowd-
ing resistance respectively. Obviously R; dominates Rs

(€))

sections and
drain

and is used in our analysis here. Also note here that
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Fig.3 The leakage current path, three regions for calculate
resistance and the gamma calculation box.
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TABLE 1II
THE CORRELATION OF RESISTANCE AND GAMMA

split R1(Q) R2(2) R3(Q) TotalRes.(Q) gamma(V'?)
A 5.28 268 1526 1799 0.3794
B 3.41 161 2486 2650 0.5320
C 2.25 115 3379 3497 0.5947
D 4.95 366 1111 1482 0.3022
E 244 300 1599 1902 0.4419
F 421 195 2101 2300 0.5466
G 491 365 1137 1507 0.2753
H 454 269 1437 1711 0.3342
I 493 290 1665 1959 0.3858
J 391 180 2288 2472 0.4789
K 491 355 1123 1483 0.2529
L . 485 356 1157 1518 0.2613
M 4.44 259 1479 1743 0.3109
N 3.99 271 1725 2000 0.3548

leakage current path is on the surface, and HALO pocket
on the surface is required reduce this I, Comparing
splits E(15°) and N(40°) in Fig. 4, we find that similar Iy,
is shown with same dose (both 3x10'%/cm*). Note that
here the calculated Gamma for 40° is much lower than 15°
due to fact that the HALO pocket for 40° is localized near
device surface, resulting a smaller Gamma. The
phenomenon that HALO implant is placed near surface
squeezes the channel, thinning the conduction layer near
source and drain junction, resulting higher source
resistance as shown in Table III, where R; of split N is
higher than R3 of split E. The correlation of I, and R; is
shown in Fig. 5, demonstrating the strong influence of R;
on degrading l4,,. Considering the effects of both Gamma
and Rs, we suggest that devices with 40°-HALO shows
smaller gamma and higher Rs as compared to the devices
with 15°-HALO, and finally giving similar performance
(Tgsar Jogr) as the 15°-HALO. Fig.6 shows the threshold
voltage versus dose with differential tilt angles.
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Fig. 4 The gamma versus lyg,,.



Again higher sensitivity of threshold voltage versus
implant dose is shown for devices with higher implant tilt
angle, demonstrating that HALO doses near surface (from
the high tilt angle) strongly influences threshold voltage.

IV.COCLUSION

In summary, we investigate the influence of tilt angle of
HALO implant on optimizing PMOS performance based
on process and device simulation. The result indicates
that different tilt angle of HALO implant results similar
performance if proper dose is adopted, and this
conclusion is different from existing works[1,2,3]. This
results is further verified by the extracted body factor
parameter Gamma and resistance R3, with the effects of
these two parameters compensating each other. Based our
study, large tilt angle of HALO implant should be adopted
to get reduced parasitic capacitance and enhanced device
performance.
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Fig. 5 The resistance with different tilts.
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Fig. 6 Threshold voltage versus dose.
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