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lon Implant 477

- Common Ion
Process Step DOPQHI Implant or Remarks
Species Diffusion
Fp-Channel Threshold P Ton Implant Implant phosphorus to adjust MOS Vi
Voltage (V;) Adjust threshold voltage.
G. n-Channel B Ton Implant Boron is implanted more laterally than
Punchthrough source/drain implants to keep electric field
of drain from punching through n-channel
and reaching source region.

H. n-Channel V¢ B Ton Implant Implant boron through oxide layer to

Adjust adjust MOS threshold voltage.

/ .
1. n-Channel ylghtly As Ion Implant Low-dose implant of arsenic in region

Doped Drain (LDD) adjacent to the n-channel to improve
electrical performance by reducing the
peak electrical field and therefore hot
carriers, which minimizes interface
charges trapped in the gate oxide.

J. n-Channel As Ior Implant Higher implant dose of arsenic to form

Source/Drain (5/D) n-channel source and drain.

K. p-Channel LDD BF, Ion Implant Low-dose implant of boron in region
adjacent to the p-channel to improve
electrical performance between drain and
channel region.

L. p-Channel S/D BF, Ion Implant Higher implant dose of boron to form
p-channel source and drain,

M. Silicon Si Ion Implant Implant with nondopant atom Lo
amorphize silicon to reduce transient
enhanced diffusion (TED) and channcling
effects.

N. Doped Polysikcon PorB Ton Implant or Doping of polysilicon gate clectrode (o

Diffusion make conductive.
0. Doped SiO, PorB Ton Implant or Doped oxide to obtain material benefits
Diffusion (e.g., create better flow and serve as getter).

*Adapted from E. Rimini, Jon Implantation: Basics to Device Fabrication, (Boston: Kluwer Academic Publishers,
1995).

Ion implantation typically follows photolithography in the general process flow (sce
Figure 17.2 on page 478); although, there may be some processes that call for the use of an etched-
oxide layer to serve as a mask during either diffusion doping or ion implant. In this case, wafers
could flow from etch to diffusion or ion implant. Ion implantation plays a crucial role in chip per-
formance improvement because of the need for smaller dimensions. Transistor performance is in-
creasingly dependent on precise doping profiles in the silicon that are achievable only with ion

implant.

Doped Regions

Recall from Chapter 4 that a wafer is uniformly doped with dopant atoms during the Cﬂm"tﬂ”‘h
process to create a p-type or n-type wafer. The type of dopant depends on the manufacturer”s spes:
ification. During wafer fabrication, dopants are selectively introduced to create the devices on the
individual wafers. The selective introduction of dopants into masked openings on the waler forfn
a doped region where dopants reside within the silicon crystal structuse (e Figure 173 on puge
478). The doped region is characterized by its dopant profile, which determunes the amennt o
dOpamactua]]yaddedinthedopedmgjonasafuncﬁmof&pﬂl
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