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While this model is useful in providing insight into the general directions that LDD 
device-design should take, it does not provide enough information to be able to predict 
the actual hot-carrier lifetimes of LDD devices designed only from the data provided by 
the model. That is, the assumption is still made that an LDD MOSFET with the 

smallest value of Eymax will yield a device structure with the highest hot-carrier 
reliability. Unfortunately, this is not always the case. Instead, other factors enter into 
the picture, as will be discussed in the section that examines the issues of hot-carrier 
reliability in LDD devices (section 9.7.2). We will also describe methods that are better 
able to predict hot-carrier hardness in LDD devices (section 9.10). These are based on 
more rigorous simulation procedures than those used in the above model. 

9.6.1.3 Model for the Series Resistance Introduced by the n· 
Region of the LDD. The value of the resistance Rn· introduced by the n· region 
of an LDD can be simply modeled if we assume that the doping concentration in the n· 
region is uniform (with a value N0 ) along the distance Ln- and to the depth of the region 
rj. In this case, we can model Rn- in an NMOSFET according to: 

(9 - 14) 

where Z is the width of the device and µn is the mobility of the electrons in the 
n· region (e.g., 800 cm2Nsec). The impact of Rn- on 10 is described in section 9.7.1.1. 

9.6.2 Overview of the Process Sequence to Form LDDs 

The basic process sequence used to form early LDD MOSFETs in simple NMOS 
technologies is shown in Fig. 9-31. The poly gate is patterned with an RIE etch 
process designed to produce a poly feature with vertical sidewalls (Fig. 9-31 b). In some 
processes the thermally grown gate oxide beyond the edges of the gate is kept in place 
after the poly etch, in an attempt to maintain a high quality interface under the sidewall 
oxide. This requires a polysilicon etch with extremely high selectivity to oxide, since 
the gate oxide is normally quite thin (e.g., I 2.5-20 nm thick). Next, the n· implant 
(also called the graded-drain, or tip implant) is carried out with phosphorus to form the 
lightly doped region of the drain. In early LDDs the doses ranged from 5x I 0 12 to 
Ix 1013 cm·2 at energies of 40-60 keV (Fig. 9-3 lc). Note that then· region at this point 
is essentially self-aligned to the gate electrode. The n· implant 1s carried out using a 
medium-current implanter with the ion beam tilted at 7° (to minimize implant 
channeling effects - see vol. I, chap. 9). 

Following then· implant step a thin oxide is thermally grown on the patterned poly 
gate using a short dry-oxidation process (this step is called poly re-ox). A conformal 
CVD oxide film is then deposited. A popular method is to decompose TEOS at 725°C, 
as this produces a film with excellent conformality, and if the poly profile is vertical , 
no re-entrant profile. A conformal deposition process produces a thicker film at the edge 
of the gate-to-active area step than on flat areas. Thus, an anisotropic dry-etch process 
will clear the oxide in the flat areas while leaving spacers at the sidewalls of the poly 
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(a) 
Thermal oxide 

(b) 

(c) 

Fig. 9-31 Basic process sequence to form an LDD NMOSFET. (a) After poly deposition; 
(b) after poly etch; (e) LOO implant; (d) spacer deposition; (e) spacer etch; (f) 11+ implant and 
passivation. 

gate (Fig. 9-31 d). If the spacers are etched to endpoint with minimal overetch, the 
spacer height will be close to the same height as the poly. For poly gate thicknesses of 
0.3 µm and a deposited oxide film thickness of -0.3 µm, spacer widths of -0.2 µm arc 
typically obtained. A discussion of spacer thickness and shape dependence, with respect 
to variations in the deposited film thickness, conformal ity, ovcretch time etc. is given 
in ref. 51. 

It should also be noted that to account for variations m the spacer oxide layer 
thickness, some overetch is needed in the etch step that creates the spacer. During the 
overetch time the spacer shape is altered (i.e., its thickness and height from the lop of 
the poly gate will change). In addition, the field oxide and the silicon m the source/dram 
regions arc also etched. Excessive overetching of these regions 1s undesirable from 
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device isolalion and junclion leakage viewpoints, respectively. Figure 9-32 shows a 

SEM photograph of an NMOS transislor wilh an oxide spacer at the conclusion of the 

spacer etch process, where the n+ gate and drain regions have been decorated with a 

selective etch (lhe ,,- region is not visible). Note that the silicon in the drain has been 

slightly etched during the spacer overetch as shown by lhe depression in lhe silicon 

surface to the right of the gate. Leakage of the source/drain junctions, localized in lhe 

junction directly beneath the spacer edge has been reported in oxide-spacer LDDs. This 

problem has been attributed to the silicon loss and etch damage in the substrate arising 

from lhe spacer etch,52-53 and 10 defects formed by the subsequent ,,+ implant and 

anneal. (The shape of the oxide spacer produced by the spacer etch process has also been 

reported to impact the formation of lhese defects.54) 

After the oxide spacers are formed, a high dose n+ source/drain implant is carried out 

with a high-current implanter. Typically, arsenic is implanted at a dose of about 5x I 015 

cm·2 and al energies of 40-80 keV. This forms the low-resistivity drain region, which is 

merged with the lightly doped,,- region. Because the spacer serves as a mask for the As 

implant, the heavily doped n+ region is self-aligned to the sidewall spacer edges and is 

thus offset from the gate edge. Since lhe edge of the 11+ region is further away from the 

channel lhan would be the case in a conventional drain structure, lhe depth of the 

heavily-doped region of lhe drain can be made somewhat greater without adversely 

impacting lhe device operation (e.g., 0.3 µm deep versus 0.18 µm deep). The increased 

junction depth lowers both the sheet resistance and the contact resistance of the drain. 

Deeper junctions also provide belier protection against junction spiking. An anneal is 

then perfonned to cause the,,- dopant lo sufficiently diffuse laterally under lhe gate edge 

and to activate lhe implanted 11+ dopants. (Actually, the entire lhermal budget after 11-

implant determines the degree of lateral diffusion, and this is often dominated by the 

interlevel dielectric densification and renow step, e.g., 950°C for 20 min.) 

By introducing lhc sidewall spacer after the 11- implant to laterally offset the 11+ 

implant, the LDD structure offers more freedom in optimizing lhe 11- length than lhe 

DOD structure. Thal is, the n- length is controlled by lhe lateral spacer dimension and 

lhermal drive cycle, and is made independent from lhe 11+ junction depth. If a salicide 

Fig. 9-32 SEM photograph of an NMOS transistor with an oxide spacer at the conclusion 

of the spacer etch process, where the ,,+ gate anti drain regions have been decorated with a 

selective etch (the 11- region is not visible).67 Reprinted with permission of Semiconductor 

International. 
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process is being implemented, an oxide spacer is also needed to prevent shorting of the 
gate and the source/drain regions, and this structure is intrinsic to the LDD approach. 
However, as we shall describe in the next section, the conventional LDD has other 
problems and disadvantages, and improvement in hot carrier resistance in the basic LDD 
structure is obtained only by trading off device performance. 

9.7 PERFORMANCE AND HOT-CARRIER LIMITATIONS 
OF THE CONVENTIONAL LOO 
As emphasized earlier, the reason LDDs are incorporated into submicron MOSFETs is 
to increase their hot-carrier reliability. It would be ideal if this benefit could be obtained 
without degrading the other performance characteristics of the device. However, the 
introduction of an LDD generally does cause some performance degradation, primarily 
by causing a reduction in the drive current of the MOSFET. An example of this effect is 
illustrated in Fig. 9-33,55 which compares the drain current in conventional and LDD 
MOSFETs as their gate length and n- dose is varied. The LDD MOSFETs exhibit 
smaller 10 values. To make matters worse, if LDD MOSFETs are poorly designed they 
may even be more susceptible to hot-carrier degradation than comparable non-graded­
drain MOSFETs. 
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Fig. 9.33 Drain current in LDD MOSFETs with various gate lengths.55 (© 1984 IEEE). 




