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ABSTRACT 

OPTIMIZATION OF A 3 - MICRON BCCD PROCESS 
FOR HIGH DENSITY CCD REGISTERS 

by 
Mark Ratner 

In July 1991, Dr. Walter F. Kosonocky proposed a High-Frame-Rate-CCD 

Imager. The design of the imager is such that the CCD channel width be 3-microns 

and capable of handling at least 3000 - 5000 electrons per square micron. Using pro-

cess (SUPREM III) and device (PISCES IIB) simulations, charge handling capacities 

as a function of implant energy and junction depth were studied. Arsenic implants 

ranging from 100 to 200keV were driven-in to obtain junction depths between 0.40p.m 

and 0.80p.m. As a result of this work it was determined that charge handling capaci-

ties as high as 9400 electrons/µm2 were achievable with implanted doses of 1.6E12 

ions/cm2. This thesis is a description of the simulation and analysis techniques used to 

optimize the charge handhng capacity of a 31.1m wide BCCD channel. 
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Chapter 1 

INTRODUCTION 

1.1 Introduction 

The research descnbed in this thesis was conducted under the guidance and 

supervision of Dr. Walter F. Kosonocky, Distinguished Professor of Electrical 

Engineering and NJIT Foundation Chair of Optoelectronics and Sohd State Circuits. 

Furthermore, this work was done with the support of an Office of Naval Research 

(ONR) Phase I, SBIR grant to Princeton Scientific Instruments, Inc., Monmouth Junc-

tion, New Jersey with the purpose of optimizing the process for construction of high 

density CCD registers to be used in a high-frame-rate-CCD imager. 

Buned-channel charge-coupled devices (BCCD) were modeled using SUPREM 

III and PISCES IIB to determine a semiconductor process which would maximize the 

charge handling capacity of a 3-micron BCCD structure used in the high density CCD 

registers. Suprem III, a one dimensional process simulator was used to model the dop-

ing profiles of the BCCD channel region The doping profiles were then exported to 

PISCES IIB which was used to model the deices electrical charactensncs 

Chapter 2 describes the principles of charge storage and transfer in the in the 

BCCD. 

A bnef descnption of the high density CCD register. and the constraints its 

design imposes on the BCCD process are presented in Chapter 3. 
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Chapter 4 contains a description of the SUPREM III and PISCES IIB input cards 

that were most important to completing this work. 

The results of the SUPREM III process simulations and PISCES LIB device simu-

lations are discussed in Chapter 5. 

Finally In Chapter 6, the conclusions are presented and future work is discussed. 

1.2 Software Tools 

At the MIT Image Sensors/VLSI Design and Simulation Laboratory in the Elec-

tronic Imaging Center (EIC), research is being conducted in the field of semiconductor 

process and device optimization. To aid this research there exists a wide variety of 

software capable of simulating modern integrated circuit technologies. Some of the 

various tools are capable of simulating behavioral and gate level logic of VLSI cir-

cuits, semiconductor processes, or electrical characteristics of semiconductor devices. 

Among those available are three which have significance in this work, they are 

SUPREM III, SUPREM IV, and PISCES IIB. 

SUPREM III is a program which simulates the various steps used m silicon pro-

cessing, such as diffusion, deposition and ion implantation. SUPREM IV is a two 

dimensional analog of SUPREM III. Since a large numbers of simulations needed to 

be run in order to complete this work, SUPREM HI was used exclusively because it 

provides results in a matter of minutes, while SUPREM IV simulations can take up to 

tens of hours to run. 

The PISCES JIB program is a two dimensional Poisson and current continuity 

equations solver. Doping profiles from either SUPREM III or SUPREM IV may be 

exported to PISCES IIB, which then solves for the potential distributions and carrier 

concentrations everywhere in the device. 
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It should be noted that SUPREM III, SUPREM IV and PISCES IIB were created 

at Stanford University Integrated Circuits Laboratory during the 1980's and have 

served to aid in the growth of integrated circuit technology. A description of the input 

cards used in the SUPREM III and PISCES IIB simulations are given in Chapter 4 
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Chapter 2 

AN OVERVIEW of the BURIED-CHANNEL 
CHARGE-COUPLED DEVICE 

2.1 Introduction 

Since the charge-coupled device (CCD) was introduced in 1970 [1], it has been 

considered for use in a wide variety of applications, ranging from high density VLSI 

memory circuits to visible and infrared imagers [2] - [5]. 

The CCD can be thought of as a shift register consisting of closely spaced MOS 

capacitors operating in the non-equilibnum mode of deep depletion. It is a unique 

device in that it is a true integrated circuit, in other words there is no combination of 

discrete circuit elements that are the equivalent of the CCD [6]. 

In its simplest form the CCD consists of a semiconductor matenal covered by a 

thin insulator (usually SiO2 or Si3N4) and an overlying metal gate (usually polysih-

con), as shown in Fig. 2.1a for a p- type substrate. This device introduced by Boyle 

and Smith [1]. is referred to as a Surface-Channel Charge-Coupled Device (SCCD). 

since the signal (minonty earners) stored under the gates is located near the Si / SiO2 

interface as shown in the energy band diagram of Fig. 2 lb 

In the SCCD fast interface states play an important role in the charge transfer 

efficiency and operating speed of the device. Fast interface states acquire charge as 

signal is introduced to the well, but are reluctant to give them up, and empty at a 
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slower rate that depends upon the energy difference between the interface state and the 

conduction band [7] - [10], therefore limiting the speed of operation of the SCCD. 

Figure 2.1 (a) Surface channel CCD device structure for p- type substrate. (b) Energy 
band diagram of SCCD illustrating the principle of charge storage. 

The basic structure of the BCCD shown for a p- type substrate in Fig. 2.2a, con-

sists of a shallow implanted region of opposite conductivity to that of the substrate. 

The main advantage of the BCCD compared with the SCCD is that majority carrier 

charge is stored in the bulk of the semiconductor away from interface traps, as shown 

in the energy band diagram of Fig 2.2b. By avoiding the problems associated with 

interface trapping the BCCD can be operated at higher clock rates with greater charge 

transfer efficiency than the SCCD. The advantages of the BCCD do not come without 

cost, while the BCCD can operate at higher clock rates than the SCCD, its maximum 

charge handling capacity is 1/4 to 1/3 less than that of the SCCD [9]. 

5 



Figure 2.2 (a) Buned-channel charge-coupled device structure for p- type substrate. (b) 
Energy band diagram of BCCD illustrating the pnnciple of charge storage. 

2.2 Charge Storage in the BCCD 

In the BCCD potential maximums occur in the implanted region, causing elec-

trons (in the case of p- type substrate) to be stored in the bulk. Shown in Fig. 2 3 are 

typical potential profiles generated by PISCES TIB of a BCCD for empty well. full 

well and pinned well cases. 

As a negative voltage is applied to the gate of the BCCD, holes from the channel 

stops are attracted to the Si / SiO2 interface under the gate, causing the peak potential 

in the channel to decrease. If the potential applied to the gate is allowed to become 

increasingly more negative, at some point the potential of the valance band at the Si / 
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SiO2 interface reaches the the potential of the valence band in the bulk. Assuming that 

the substrate is grounded, the the holes from the channel stops "pin" the valence band 

at the interface to ground, and no further reduction in channel potential occurs. The 

gate voltage 

Figure 2.3 Typical potential profiles for the empty, full and pinned well cases. 

at which this condition is reached is referred to as the pinning voltage [7]. When the 

device is operated with an applied gate potential equal to or more negative (for a p-

type substrate) than the pinning voltage the device is said to be operating in the pin-

ning condition. 

If the voltage applied to the gate of the BCCD is suddenly changed from the pin-

ing voltage to ground, the implanted region becomes depleted of free charge. Dunng 

the time before the potential of the channel region begins to collapse due to theiiiially 

generated carriers, the well is referred to as empty. This is the case of deep depletion. 
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As charge is generated either thermally, electrically or optically the signal, elec-

trons for a p- type substrate, move to the potential maximum. The addition of nega-

tive charge causes the peak and suface potentials of the channel to become less posi-

tive. Eventually with the continued addition of charge, the peak potential of the well 

will either become less positive than the surface potential or will collapse to a value 

less than the peak channel potential of the well in the pinned condition. In the case of 

the surface potential exceeding the peak potential, charge will reach the surface and be 

trapped m fast interface states. If the former occurs charge will not be confined to the 

storage region under the gate. Therefore to store and confine charge in a BCCD two 

constraints must be set on the full well condition [10]. The first being that the peak 

potential of a full well be at least 10 kT greater than the surface potential. This ensures 

that signal will not reach the Si / SiO2 interface and be trapped m fast interface states 

and that fringing fields will be sufficent to achieve good charge transfer efficiency 

[10]. The second, that the peak potential of the full well be at least 10 kT greater than 

the peak potential of the pinned well causing charge to be confined under a given gate. 

2.3 The BCCD Equation for a Gaussian Doping Profile 

Figure 2.4a defines the vanables used to describe a gaussian doping distribution 

for the BCCD implant. while Fig 2 4b defines the variables used to descnbe the 

potential distribution in the presence and absence of free charge in the implanted 

region. According to Chatteriee and Taylor [10], for a BCCD in the empty well state, 

the buried-channel exhibits a potential maximum, O
m at a distance XP from the Si / 

SiO2 interface. O
m and XP as descnbed by the doping distributions implant parame-

ters are given by, 
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Figure 2.4 (a) Defininons of the doping profile parameters and (b) the potential distri-
bunon parameters used in the BCCD equations [1] - [6]. 
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and 

Where NA is the doping concentration of the substrate, Q is the implanted dose, Q is 

the effective dose, Rp is the effective projected range and o is the lateral straggle of 

the implanted ions. VFB is the flat band voltage VGs is the applied gate voltage, 

VBS is the potential of the Fermi Level in the bulk and Vb
i  is the contact potential of 

the junction. The remaining quantities are defined as follows, 

where C
G is the effective gate capacitance and Co. is the effective depletion capaci-

tatnce. As charge is introduced into the well the potential maximum decreases by 

©fim, and the free charge present in the well is given as a function of AOm by, 
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Since Aim 
is a monotonically mcreasmg function of signal, it is clear from equation 

[61 that the charge handling capacity, Qn is a maximum when AOm is maximized. 

Furthermore as the junction depth of the BCCD implant increases, the effective deple-

tion capacitance decreases resulting in a decrease in charge handling capacity. There-

fore for any given process there exists a particular junction depth for the BCCD 

implant that will result in a maximum in charge handling capacity. 

2.4 Charge Transport in a BCCD 

A unique quality of the CCD is that it can not only store charge but also transfer 

it from under one gate to the next. Since, the maximum channel potential in a CCD 

depends upon the applied gate voltage, the location of the potential maximum can be 

controlled by applying gate voltages in an appropriate fashion [6], [11]. Consider the 

device structure of Fig. 2 5a, the potential diagram of Fig 2.5b and the timing diagram 

of Fig. 2.5c. At time, t1 the most positive gate voltage has been applied to clock phase 

431 resulting in a potential maximum under that gate. Charge is confined under gate 

1  by virtue of the potentials applied to adjacent gates. At time t2, the potential - 

applied to 4$41 has been reduced, while the potential to clock phase 432 has been 

increased to the most positive gate voltage applied, resulting in the potential 
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Figure 2.5 (a) Cross-sectional view of three phase BCCD structure. (b) Potential 
diagrams illustrating charge transfer in a three phase BCCD. (c) Timing diagram for 
three phase BCCD. 
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maximum moving from under cl)i to under (132. This causes the free electrons to move 

from under (131 to under 02' At time t3, the potential on 01 has been removed and the 

most positive gate voltage is now applied to clock phase c132. The local potential max-

imum results in charge being confined under clock phase (132. If the cycle is now 

repeated with clock phases 4:132 and 03, charge will once again be transferred, but this 

time from under 4)2 to under (133' 

Charge transfer in CCD's is dnven by three effects [6] - [8], Self induced drift, 

thermal diffusion and dnft due to fringing fields which result from externally applied 

potentials. Self induced drift or charge repulsion becomes an unimportant effect after 

approximately 99 percent of the charge has been transferred. Therefore, the limitations 

on charge transfer efficiency are imposed by the thermal diffusion and fringing field 

effects. The time constant for theiiiial diffusion is given in equation [7], where L is 

the length of the gate and D is the diffusion constant of the camers m the channel 

region. For a device with a gate length of 31.im and channel diffusion constant of 10 

cm2/sec, the thermal time constant is approximately 10 nanoseconds. In order for 

99.99 percent of the charge transfer to occur due to thermal diffusion approximately 10 

time constants are required, thus limiting the operating frequency to about 10MHz. 

When an external voltage is applied to the gate of the CCD, electric fields are 

generated that are primarily perpindicular to the direction of charge transfer Although 

most of the externally generated field is perpindicular to the direction of charge 

transfer. there is a componenet that is generated in the direction of charge transfer. If 

we assume the simplified case of the silicon being an infinite dielectric then we can 

write the strength of the fringing field as, 
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where L is the length of the gate, tox 
 is the thickness of the gate oxide and V is the 

externally applied gate voltage. The time constant associated with the fringing fields 

can then be written as a function of Emin  and is given as, 

where µ the mobility of the free charge in the channel region and the other terms are 

as defined above. So, for a gate length of 3µm,µ of 400 cm
2
/sec, t ox  of 0.065p.m 

and an applied gate voltage of 10 volts, the time constant due to fringing fields is 

approximately 325 picoseconds. Therefore to transfer 99.99 percent of the charge due 

to the fringing fields takes about 10 time constants, hmiting the frequency of operation 

to about 300MHz. Clearly the fringing field effect is important in transfemng the final 

1 percent of charge at high frequencies of operation. 
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Chapter 3 

PROCESS CONSTRAINTS IMPOSED by the 
DESIGN of the HIGH DENSITY CCD REGISTER 

3.1 The High Density CCD Register 

The high density CCD register is a three phase vertical CCD which makes use of 

three levels of polysilicon. Although the high density register only uses three levels of 

polysihcon, the high-frame-rate-CCD imager imposes the additional requirement of 4 

levels of polysihcon in order to realize its design. The high density register uses 

polysilicon levels 2, 3 and 4 to transfer and store signal, while the level 1 polysilicon 

layer is used as an electronically controlled channel stop region that regulates the verti-

c& flow of charge. 

Honzontally each stage of the high density register consists of a 1 design rule 

channel stop region and a 2 design rule channel region, resulting in a stage width of 3 

design rules. Vertically each stage of the register consists of three gates each 1 design 

rule in length, resulting in a single stage dimension of 3 by 3 design rules as shown in 

Fig. 3.1. For a 1.5µ,m process this results in a 3p,m BCCD channel width, a 1.5p,m 

wide channel stop region and a 31.im single stage length. 

A more detailed descnption of the high-frame-rate-CCD imager will be presented 

in a later report. 
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Figure 3.1 Layout of a small section of the high density CCD register. 

3.2 Processing Considerations 

3.2.1 Lateral Diffusion 

To obtain narrow CCD channels it is necessary to maintain shallow junctions, so 

that the channel stop regions can effectviely prevent the spreading of signal from chan-

nel to channel. Typically lateral diffusion occurs at a rate of 0 61.im for every 1.0pm of 

vertical diffusion. Therefore in order to maintain channel stop widths on the order of 

0.51.im it is necessary to limit the extent of vertical diffusion to approximately 1 01.im. 

However, the width of the channel stop region is not a sufficient measure of its 

effectiveness. 

To determine if the channel stop will be effective it becomes necessary to look at 

16 



the peak channel stop potential in the pinned condition versus the peak channel poten-

tial in the full well condition. To confine charge to the channel region, the peak chan-

nel stop potential in the full well condition must be less positive than the peak channel 

potential in the pinned condition as shown in Fig. 3.2. This provides the necessary bar-

rier to confine the signal to its respective channel. 

Figure 3.2 Typical PISCES JIB simulated peak potentials of the empty, full and pinned 
well condition across the channel, where A is the barrier needed such that a channel 
stop will be effective in confining charge to the channel region. 

3.2.2 Gate Insulator 

Since each level of polysilicon corresponds to a different clock phase it becomes 

desirable to have all levels of polysilicon the same distance from the Si / SiO2 

interface. This will ensure that each clock phase will require the same applied voltage 

17 



to achieve the same effect under each gate. To accomplish this, the gate insulator is 

comprised of a Si3N4 layer over a SiO2 layer. First, the gate oxide is thermally 

grown, then the nitride is deposited. Since Si3N4 oxidizes at a rate considerably slower 

than that of SiO2, polysilicon could then be deposited, etched and oxidized without 

any further increase in the thickness of the gate insulator. 

The additional consideration of fringing field effects is made when determining 

the thickness of the insulating layers. To maximize fringing field effects it is desirable 

to have as thin as possible insulator, while not sacrificing its dielectric properties. In 

private conversations with Dr. Kosonocky it was determined that the thinnest effective 

insulating layers that could be fabricated would be 0.041.tm of SiO2 and 0.051.1m of 

Si3N4. 

3.2.3 Maximum Electric Fields 

As device sizes become smaller maximum electric field constraints become 

important. In modern process technologies films with excellent crystal qualities can be 

fabncated, but even the best matenals exhibit dielectric breakdown as cntical field 

strengths are reached. For good quality silicon, breakdown effects are a function of 

both applied voltages and doping concentrations Abrupt silicon pn junctions break-

down characteristics are dependent on the background doping concentrations of the 

lightly doped side of the junction as illustrated m Fig 3.3 For background doping lev-

els of 3.0E14 ions/cm2 
the critical field strength is approximately 2 0E5 V/cm [12]. In 

SiO2 and Si3N4 the cntical field strength is dependent on the quality of the matenal as 

well as its thickness. For thin oxides and nitrides the cntical field strength is approxi-

mately 1.0E7 V/cm [13], [14]. 
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Figure 3.3 Critical fields strength for an abrupt pn junctions. 

3.3 Summary of Process Constraints 

The constraints imposed by the design of the imager and the process technologies 

available result in a descnption of the process parameters. These parmeters are that the 

process have 4 levels of polysilicon, have an insulator consisting of 0.041.im of 

SiO2 covered by 0.05p.rn of Si3N4. Where one level of polysilicon is used as a con-

trollable field plate and the other levels (poly -2. -3 and -4) are used to implement the 

3-phase BCCD registers. Additionally, the junction depth of the BCCD implant must 

be limited to 1 Ot.im of vertical diffusion resulting in approximately 0 51.1m wide chan-

nel stop regions Finally, maximum electric field strengths must be limited to approxi-

mately 2.0E5 V/cm in Si and 1.0E7 V/cm in SiO2 and Si3N4 films. Figures 3.4 and 

3.5 illustrate the resulting cross-sectional structures of the CCD when the constraints of 

design and processing technology have been imposed. 
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Figure 3.4 Cross-sectional view of the BCCD along the channel with design. 
and process constraints imposed. 

Figure 3.5 Cross-sectional view of the BCCD across the channel with design. 
and process constraints imposed. 
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Chapter 4 

SUPREM III and PISCES IIB INPUT CARDS 

4.1 Introduction 

Modeling of device processes and electrical characteristics is an essential part of 

today's integrated circuit technology. Simulation is a great lime and money saver 

since, devices are not fabricated until after intensive simulations have been done and 

the desired results have been acquired SUPREM III is a one dimensional process 

simulator capable of modeling semiconductor fabrication steps such as diffusion and 

ion implantation. It is also capable of exporting its results to PISCES IIB 

Pisces IIB is a two cimensional Poisson's and current continuity equation solver. 

It has the ability to determine the electrostatic potentials and camer densities every-

where in a two dimensional semiconductor structure. 

The following sections descnbe the SUPREM III and PISCES IIB input cards 

that were most important in completing this work. It should in no way be construed as 

a complete set of instructions for either software package For a more complete 

description of the input card specifications the SUPREM III or PISCES JIB user manu-

als should be consulted. 

A complete set of SUPREM III input decks used in this work may be found in 

Appendix A. and for PISCES BB in Appendix B. 
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4.2 SUPREM III Input Cards 

4.2.1 The Initialize Card 

SUPREM III  requires information about the material choosen for the simulation. 

The information about the wafer is provided in the INITIALIZE card which may look 

as follows: 

INITIALIZE <100> Silicon Boron Concentration=3.0E14 

+ Thickness=3.0 dx=0.005 xdx=0 001 Spaces=400. 

The statement contains information about the wafer concerning its type, orientation. 

dopant concentration and dopant species. Since in silicon the <100> onentation is pre-

ferred in MOS structures. because the density of interface trap states is less than for 

the other onentations it has been used in this example. but could just as easily been 

specified as <110> or <111>. The dopant species used in this example is boron with a 

concentration of 3.0E14 ions/cm3. SUPREM III also can model wafers with dopant 

species of phosphorus, arsenic and antimony. 

The remainder of the input card tells SUPREM III how to set up the grid struc-

ture on which the simulation is to be performed. Thickness Indicates to SUPREM III 

the extent of the simulation, dx sets the spacing between successive nodes and xdx sets 

the location of the first node. The spaces command sets the total number of spaces 

between nodes to be used in a given matenal 

4.2.2 The Diffusion Card 

The DIFFUSION card is used for a variety of functions which include oxidation, 

ambient anneal and solid solubility drive in. A few typical DIFFUSION cards might 
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look as follows: 

DIFFUSION Temperature=900 Time=33 T.Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=38 WetO2 HCI%=2.0 

DIFFUSION Temperature=950 Time=15 Gas.Concentratrion= 3 .1585e20 Phosphorus 

The first statement simulates a nitrogen ambient drive in that lasts for 33 minutes and 

starts at 900°C. The temperature is ramped downward at a rate of 3 degrees per 

minute. 

The second statement shown above simulates a wet thermal oxidation in the pres-

ence of 2.0% HC1 at 800°C for 38 minutes. 

The final diffusion statement shown simulates a solid solubility drive in of phos-

phorus gas at a temperature of 950°C for 15 minutes This statement is used to change 

the electrical characteristics of polysilicon from neutral to n- type and follows a 

polysilicon deposition. 

4.2.3 The Deposition Card 

The DEPOSITION card is used to simulate chemical vapor depositions It 

requires a temperature specification, material specification and the number of spaces to 

be used in the region. A typical DEPOSITION card may look as follows- 

DEPOSITION Polysilicon Thickness=0 60 Temperature=560 Spaces=5 

In this example 0.6wn of polysilicon is deposited at 560°C. The space command has 

the same meaning as when used in the initialize card. 
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4.2.4 The Implant Card 

This card instructs SUPREM III to simulate an ion implantation step. It requires 

information about the species to be implanted, the energy of the implant, the dose and 

the implant model to be used. A typical IMPLANT card would look as follows: 

IMPLANT Arsenic Dose=1.6E12 Energy=150 Pearson 

The effect of this card is to simulate an ion implantation whose dose of arsenic is 

1.6E12 ions/cm2 at an energy of 150 keV. The card also instructs SUPREM III to 

assume a pearson distribution for the implanted species. Gaussian and two sided 

Gaussian distributions are also available. As with all of the other input cards any of 

the available species may be implanted. 

4.2.5 The Etch Card 

The ETCH card as the name implies is used to remove material from the simu-

lated structure. A typical ETCH card follows: 

ETCH Oxide ALL 

The ETCH card requires that any valid material be specified and will remove that 

material providing that it is the exposed layer in the simulated structure 

4.2.6 The Print Card 

SUPREM III will solve diffusion, oxidation and deposition equations for each 

step specified m the input deck. It is often desirable to view the results of intermediate 
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Figure 4.1 Typical SUPREM III output from PRINT input card 

steps as well as final doping profiles. The PRINT card when inserted into the input 

deck causes SUPREM III to print the status of the previous structure. Information such 

as layer thicknesses and concentrations may be written to the terminal or a file. A typi- 
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cal PRINT card follows: 

PRINT Concentration Net Active Xmin=0.00 Xmax=0.50 Filename=Outfile 

This card instructs SUPREM III to wnte information about the net active concentra-

tions of the layers that exist between the surface and 0.50iim into the structure. A typ-

ical output from a SUPREM III pnnt statement is shown in Fig. 4.1. 

4.2.7 The Savefile Card 

The final SUPREM III input card of interest to this work is the SAVEFILE card. 

The SAVEFII.F card allows the user to save a structure for further use in subsequent 

SUPREM III simulations or to write a structure which is compatible to the PISCES 

JIB format. The SAVEFILE card given below is used to write a file called outfile 

which is usable by PISCES IIB: 

SAVEFILE Filename=Outfile Export 

4.2.8 SUPREM III Output 

When the SUPREM III input cards discussed above are put together to form an 

input deck, doping profiles are generated and exported to PISCES IIB. Shown below 

in Fig 4.2 is a doping profile obtained by running a SUPREM III simulation. The 

Doping profile shown is for a structure with a Junction depth of 0.5511m, for an arsenic 

dose of 1.6E12 ions/cm2 and implant energy of 150keV 
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Figure 4.2 Doping profile obtained from SUPREM HI for a 150keV Arsemc implant 

of dose 1.6E12 ions/cm
2 

4.3 PISCES IIB Input Cards 

4.3.1 The Mesh Card 

As with most numerical simulnons. PISCES JIB requires a gnd or mesh structure 

be defined so that solutions can be found by analyzing adjacent nodes in the mesh. 

The PISCES IIB MESH card consists of three statements, the MESH defimtion card, 

the X.MESH card and the Y.MESH card. A typical MESH defintion card is shown 

below: 
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MESH Rectangular NX=60 NY=50 Fli.Diag O4'=Meshout 

The previous statement initiates the generation of a rectangular mesh with 60 vertical 

lines and 50 horizontal lines. The Fli.Dia command causes the diagonals about the 

center of the mesh to be flipped. The Outf command instructs PISCES IIB to write the 

mesh to a file in this example called Meshout, which can be used in later analysis. The 

X.MESH and Y.MESH define the locations of the vertical lines and honzontal hnes 

respectively Typical X.MESH cards follow: 

X.MESH N=1 Location=0.00 Ratio=1.00 

X.MESH N=5 Location=1.00 Ratio=1.00 

X.MESH N=10 Location=1.50 Ratio=0 75 

X.MESH N=15 Location=3.00 Ratio=1 50 

In this example the X.MESH cards define the location of the first, fifth, tenth and 

fifteenth vertical lines and the relative spacing between them The Location command 

tells PISCES IIB where to place each line that has been defined. In the example the 

first line is placed at x=0.00µm, the fifth line at x=1.00pm the tenth at 1.50p.m and the 

fifteenth at 3.00p.m. The Ratio command tells PISCES JIB how to place the lines that 

fall between the ones that are defined. In this example the lines inserted between lines 

1 and 5 are evenly spaced, this is accomplished by setting Ratio=1.0 The spacing 

between the fifth and tenth line however becomes smaller as subsequent lines are 

placed, this is done by setting ratio less than 1.0 Finally, the spacing between the 

tenth and fifteenth lines becomes larger as subsequent lines are placed, this is accom-

plished by setting the value of ratio greater than 1.0 A typical mesh that was used in 

this work is shown in Fig. 4.3. 
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Figure 4.3 A mesh generated by PISCES 11B using the MESH, X.MESH and Y.MESH 
Cards. 

4.3.2 The Region Card 

The REGION card defines the location and type of materials in a rectangular 

mesh. A typical REGION card is given below. 

REGION NL V=1 IX.LOW=1 IX HIGH=10 IY LOW=1 IY HIGH=20 SILICON. 

This card defines region 1 as silicon, located in a rectangular mesh from vertical line 1 

to vertical line 10 and from honzontal line 1 to horizontal line 20. Only one type of 

semiconductor material may be used during a PISCES 1113 simulation so any subse-

quent semiconductor region definitions must be of silicon. There is a maximum of 8 
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regions allowed by PISCES IIB and every triangle in a mesh must be in a region 

before a numerical simulation can be run. 

4.3.3 The Electrode Card 

The ELECTRODE card is used to define where electrical contacts are to be made 

to the semiconductor material. A typical ELECTRODE card is given below: 

ELECTRODE NUM=1 IX.LOW=I IX.HIGH=10 IY.LOW=1 IY.HIGH=I 

This card instructs PISCES IIB to place electrode 1 on the surface of region 1 as 

defined in section 4.3.2. 

4.3.4 The Doping Card 

To give PISCES IIB doping profiles, they must be defined using the DOPING 

card. Doping profiles can either be constructed analytically or be imported from 

SUPREM III or SUPREM IV. The following DOPING cards give example for both 

cases: 

DOPING Uniform Regton=3 Concentration=3 0E14 p.tvpe 

DOPING Gaussian Region=3 Concentration=2 0E17 n type 

+ Junction=0 040 Peak=0.025 

DOPING SUPREM3 Region=2 Infile=SUP3PRO Phosphorus 

+ X.Left=1.5 X.Right=4.5 LateralRatio=0 6 

The first DOPING card analytically defines a uniformly doped p-type region of 
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concentration 3.0E14 ions/cm2 over the entire extent of the simulation in region 3 as 

defined by a REGION card. The second DOPING card analytically defines a n-type 

gaussian doping profile with peak concentration of 2.0E17 ions/cm
2 

located 0.025µm 

microns from the surface of region 3 and a Junction depth 0.040µm from the surface 

of region 3. The third DOPING card imports a phosphorus doping profile from a 

SUPREM III file named SUP3PRO. The card instructs PISCES IIB to place the 

profile starting at the surface of region 2. in the area defined by the X.MESH cards 

from x = 1.5p,rn to x = 4.51.1m. The card also tells PISCES IIB to spread the doping 

profile laterally from the defined limits, 0.6p.m for every 1.01.tm of vertical depth, this 

adds some realism to the SUPREM III doping profiles when they are translated into 

two dimensions. 

4.3.5 The Contact Card 

The CONTACT card is used to define the material to be used for an electrode 

definition. Consider the following contact card when used in conjunction with the elec-

trode definition of section 4.3 3: 

CONTACT NUM=1 N.Poly 

This card defines the material to be used for electrode 1 as n-type polysilicon. Maten-

als such as aluminum. molybdenum, and tungsten among others may also be used to 

simulate contacts The work function of a contact may also be specified in order to add 

flexibilty to the simualtion when a particular type of contact is not defined by PISCES 

JIB. 
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4.3.6 The Symbolic Card 

The SYMBOLIC card allows the user to define the numerical technique to be used 

by PISCES JIB during the simulation. It also allows the user to define which cames 

are to be solved for explicitly during the simulation. A typical SYMBOLIC card fol-

lows: 

SYMBOLIC Newton Carriers=0 

The card shown above tells PISCES IIB to perform the analysis using Newtons 

Method for 0 carriers. This means that only the electrostatic potential is solve for 

explicitly. The carrier concentrations are then determined from the electrostatic poten-

tials. It is of interest to note that when only Poisson's equation needs to be solved that 

0 earriers may be used. If the current continuity equation also needs to be solved then 

at least one carrier must be specified. PISCES JIB also allows the Gummel Method to 

be used to numerically determine the electrostatic potential and carrier concentrations. 

The card shown above was used during this work, because for the static condition in a 

CCD ideally there is no current flow and the current continuity equation has no singu-

lar solution. 

4.3.7 The Solve Card 

The final card of interest used during this work is the SOLVE card. The SOLVE 

card is used to instruct PISCES IIB about the boundary conditions to be used during a 

simulation. A few typical SOLVE card used during this work are shown below: 

SOLVE Initial V1=0.00 V2=0.00 N.Bias=0.00 P.Bzas=0.00 Outf=SOLOUT 

32 



SOLVE Previous V1=0.00 V2=0.00 N.Bias=5.00 P.Bias=0.00 Ouif=Quasi.5 

SOLVE Previous V1=-45 V2=0.00 N.Bias=10.0 P.Bias=0.00 Ouif=Pin.4.5 

In the first example given above, PISCES IIB is told that the solution to be found 

is the initial solution. This tells PISCES IIB to make an educated guess about the elec-

trostatic potentials and earrier densities. The card also defines the boundary conditions 

to be used during the simulation. In this case the voltage applied to electrodes 1 and 2 

is set to 0 volts, and that the quasi-fermi levels for both electrons and holes be set to 

their thermal equilibnum values. The quasi-fermi levels for earners that are not being 

solved for are controlled by the N.Bias and P.Bias commands respectively. The card 

also instructs PISCES IIB to write the solutions to a file called SOLOUT. In the 

second SOLVE statement shown, PISCES IIB is instructed to use the pre\ ious solution 

as the best guess to start the numerical method. The quasi-fei nn level for electrons has 

also been raised causing the structure to become depleted of electrons. The solution to 

this simulation is written to a file called Quas1.5 In the final SOLVE statement shown 

above, the voltage applied to electrode 1 is specified as -4.5 volts and the quasi-fel iiii 

level for electrons is set to 10eV above its equilibrium value. This causes the PISCES 

IIB to deplete the structure of free electrons while applying a negative gate voltage. 

PISCES IIB also writes the solution to an output file called Pin.4 5 
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Chapter 5 

RESULTS of SUPREM III and PISCES IIB BCCD 
SIMULATIONS 

5.1 Introduction 

SUPREM III and PISCES IIB simulations were run in an attempt to optimize the 

charge handling capacity of a 3p.m BCCD. 

Initially, SUPREM III simulations were perfolined to determine the best dopant 

species to be used for the BCCD implant, such that junction depths ranging from 

0.40i.tm  to 0.80pm could be achieved with reasonable drive-in and anneal times. 

Next, SUPREM III and PISCES IIB simulations were carried out for an 

implanted dose of 1.3E12 arsenic ions/cm
2 at junction depths ranging from 0.401.1m to 

0.80p.m at an implant energy of 100keV. These simulations provided insight into the 

maximum dose that could be implanted into a shallow junction, while observing the 

constraint set on allowable electric fields in the silicon region. 

The implanted dose was then increased to 1 6E12 arsenic ions/cm` and simula-

tions were run for junction depths ranging from 0.40p.m to 0.80pm and implant ener-

gies between 100 and 200keV. The maximum charge handling capacity and electric 

fields was determined for each of these simulations Charge Handling capcity was 

determined by operating the CCD with gate voltages between ground and the pinning 

voltage for all of the simulations run in this work. This method of operation allows for 

the storage of more signal than does that of clock voltages that range from ground to 

34 



positive values (pinning voltages for a p-type substrate are negative). 

SUPREM HI profiles were exported to PISCES IIB and given 2-dimensional 

qualities Doping profiles obtained from all of the SUPREM HI simulations run for this 

work are shown m Appendix C. 

The electrical characteristics of the BCCD were then determined using PISCES 

IIB. Figure 5.1 is an illustration of structure that was used during PISCES IIB simula-

tions of the 4im BCCD. The extent of the simulated structures was 5.0i.tm horizontally 

Figure 5 1 Pisces IIB simulated BCCD structure The shaded regions indicate BCCD 
implant regions. 

and 8 01.im vertically It was felt that if the line of symmetry for the PISCES fiB simu-

lations was choosen as the center of the channel stop region, at least two BCCD 
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channel regions needed to be simulated to account for channel stop narrowing. This 

would have resulted in the horizontal extent of the simulation being 9.0[1m. Therefore, 

the line of symmetry was choosen as the center of the BCCD channel so that the 

effects of lateral diffusion into the channel stop regions would be accounted for, while 

allowing maximum resolution of the mesh structure to be achieved. 

Potential profiles and cross-sections as well as electric field profiles for all of the 

PISCES FEB simulations done for this work are shown in Appendix D. The following 

sections of this chapter provide greater detail about the results obtained during the 

aforementioned simulations. 

5.2 Investigation of Dopants for Shallow BCCD Implants 

In order to better understand the processes of ion implantation and drive-in, 

SUPREM III simulations were performed using both phosphorus and arsenic as the 

implanted species. Ions were implanted into a silicon substrate through a protective 

oxide layer 197 angstroms thick. Next. the implanted dose was driven in and annealed 

for various times until the desired junction depth was achieved. The protective oxide 

layer was then etched, followed by a wet thermal oxidation used to grow the gate 

oxide. Finally. Si3N4 was deposited. Then using output from the SUPREM In 

PRINT statement, the percentage of the implanted dose remaining in the silicon was 

deter funned. As can be seen in Table 5 1. for shallow implants a larger and more con- 

stant percentage of arsenic remains in the substrate than does phosphorus. Therefore 

arsenic was selected as a more appropriate choice for the BCCD implant and was used 

for all subsuquent simulations, because the study was meant to be a means of compar-

ing charge handling capacities of various CCD structures as a function of implant 

energy and junction depth, not effective dose. 
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At this time it may be appropriate to note that the results of these simulations 

have led to some question. Since the segregation coefficients of both arsenic and phos-

phorus at a Si / SiO2 interface are 0.0333 in the oxide and 1.00 in the silicon, in both 

cases similar amounts of dopant should have been "plowed" into the silicon resulting 

in almost all of the implanted dose remaining in the substrate after drive-in. A possible 

explanation for larger percentages of arsenic remaining in the silicon after drive-in may 

be due to the differences in diffusion coefficients between arsenic and phosphorus. The 

diffusion coefficient used by SUPREM III for arsenic in silicon was 4.80E10lim2
/s, 

and for phosphorus in silicon, 2.31E10µm
2/s, but in SiO2 the diffusion coefficient for 

arsenic was 1.05E101.1m2Is and for phosphorus 4.56E7iim2/s. This means that in sili-

con, both arsenic and phosphorus diffuse at about the same rate, but in SIO2 arsenic 

diffuses at a much faster rate. The implications are that in a side by side comparison. 

with equal amounts of phosporus in one case and arsenic in the other, in the SiO2 

region more arsenic reaches the Si / SiO2 interface than does phosphorus in a given 

amount of time, therefore more arsenic will be "plowed" into the silicon than phos-

phorus for equal drive-in times and temperatures. This line of reasoning is valid only if 

approximately equal amounts of dopant ions lie in the SiO2 region prior to drive-m, as 

is the case for shallow implants. 

5.3 BCCD Simulations for an Implanted Dose of 

1.3E12 Arsenic Ions/cm2  

Doping profiles for an arsenic implant of 1.3E12 ions/cm2 
at 100keV,and junction 

depths ranging from 0.40p.m to 0.801.1m were simulated using SUPREM III. In turn 

each of these profiles were imported to PISCES I1B, where their electrical characteris-

tics were modeled. Shown in Fig. 5.2a, are PISCES JIB simulated potential profiles 
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Table 5.1 Dose Fraction Remaining in Silicon After Drive-In 

IMPLANT ANNEAL / DRIVE-IN 
Nitrogen Ambient 

JUNCTION DEPTH 

(lun) 

DOSE FRACTION 
REMAINING IN Si 

150keV Phosphorus 1100°C 46 Minutes 1.1808µm 0.864 

150keV Phosphorus 1100°C 16 Minutes 0.93534m 0.843 

150keV Phosphorus 1100°C 6 Minutes 0.8264 m 0.839 

50keV Phosphorus 1100°C 6 Minutes 0.6620}tm 0.730 

150keV Arsenic 1100°C 64 Minutes 0.6023i.tm  0.955 

150keV Arsenic 1100°C 46 Minutes 0.55151.1m 0.951 

150keV Arsenic 1100°C 31 Minutes 0.5028m 0.947 

100keV Arsenic 1100°C 14 Minutes 0.4008iim 0.926 

** Note: All Processes Have an Additional Drive-In of 99 Minutes at a 
Temperature of 1100°C Ramped Downward at 3°C per Minute 

for a BCCD with an implanted junction depth of 0.501.1m, as a function of signal 

charge. The potential cross-sections, across the BCCD channel for the same simula-

tion are shown m Fig. 5.2b. 

Peak and surface potentials for the empty, full and pinned solutions were deter-

mined as a function of Junction depth and are plotted m Fig. 5.3 and shown in tabular 

form in Table 5.2. The maximum charge handling capacity was then determined and 

plotted as a function of junction depth and are shown in Fig 5 4. It can be seen by 

comparing Fig. 5.3 and Fig. 5 4 that the maximum charge handling capacity is 

achieved when both constraints placed on the full well are satisfied simultaneously. In 

other words when the peak potential of the full well is both, 10kT greater than the sur-

face potential of the full well and 10kT greater than the peak potential of the pinned 

well, the charge handling capacity is maximized. 
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Figure 5.2 (a) Potential profiles simulated by PISCES IIB for a 100keV arsenic 
1 

implant for a dose of 1.3E12 ions/cm`, (b) Potential cross-sections across the 

channel region for the same simulation. 
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Figure 5.3 Full well surface potential and peak empty, full and pinned well potentials 

as a function of junction depth for a 100keV arsenic implant of 1.3E12 ions/cm` . 
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Figure 5.4 Maximum charge handling capacity as a function of junction 

depth for a 100keV arsenic implant of 1.3E12 ions/cm` 
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Table 5.2 Device Potentials as a Function of Junction Depth 

for a 100keV Arsenic Implant Dose = 1.3E12 ions km2 

Junction 
Depth 

(ltm) 

Maximum Empty 
Well Potential 

(Volts) 

Maximum Full 
Well Potential 

(Volts) 

Maximum Pinned 
Well Potential 

(Volts) 

0.40 4.738 2.488 1.000 

0.50 5.077 2.285 1.337 

0.60 5.389 2.182 1.684 

0.65 5.526 2.179 1.849 

0.70 5.679 2.278 2.028 

0.80 5.988 2.672 2.384 

Figure 5 5 shows the electric field profiles for the empty, full and pinned well 

cases of this simulation. It should be noted that the maximum electric fields were 

always achieved in the pinned condition. The maximum electric field for the cases of 

empty, full and pinned wells are shown as a function of Junction depth for a 100keV 

arsenic implant with a dose of 1.3E12 ions/cm
2
. Since the maximum electric field is a 

strong function of doping. as would be expected it is relatively constant as a function 

of Junction depth. By setting the maximum allowable electric field to 2.0E5 V/cm and 

scaling it linearly with implanted dose it was determined that to achieve the maximum 

electric field a dose of 1 6E12 ions/cm
2 was required. The method of analysis 

described above has been used throughout the remainder of this work 
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Figure 5.5 Simulated electric field profiles for 100keV arsenic implant of dose 

1.3E12 ions/cm
2 for the empty, full, and pinned well solutions 

5.4 BCCD Simulations for an Implanted Dose of 

1.6E12 Arsenic Ions/cm2 

5.4.1 Case 1 - Implant Energy of 100keV 

The first case investigated was for an 100keV arsenic implant of dose 1 6E12 

ions/cm
2 

Using Suprem III, anneal tunes were vaned to obtain junction depths rang-

ing from 0.401.im to 0 80p,m The device potentials and earner densities were then 

solved for numerically using PISCES JIB Shown in Fig. 5 6 is a plot of maximum 

empty, full and pinned well potentials as a function of Junction depth, which are also 

presented in tabular form in Table 5.3. As can be seen from this figure both constraints 
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Table 5.3 Device Potentials as a function of Junction Depti  
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Figure 5.6 Full well surface potential and peak empty, full and pinned well potentials 

as a function of Junction depth for a 100keV arsenic implant of 1.6E12 ions/cm2. 
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Figure 5.7 Maximum charge handling capacity as a function of junction 

depth for a 100keV arsenic implant of 1.6E12 ions/cm2 
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Table 5.4 Maximum Charge Handling Capacity and 
Electric Fields as a Function of Junction Depth 
For a 100keV Arsenic Implant Dose = 1.6E12 ions / cm2 

Junction 
Depth 
(gm) 

Maximum Charge 
Handling Capacity 
(electrons / gra2) 

Maximum Electric Field in: 
Silicon 
(V/cm) 

Silicon Nitride 
(V/cm) 

Silicon Dioxide 
(V/cm) 

0.40 7274 1.88E5 3.40E5 6.54E5 

0.50 8435 1.86E5 3.53E5 6.56E5 

0.55 8983 1.90E5 3.41E5 656E5 

0.60 8863 1.90E5 3.41E5 6.56E5 

0.70 8059 1.89E5 3.41E5 6.60E5 

0.80 7345 1.89E5 3.41E5 6.55E5 

5.4.2 Case 2 - Implant Energy of 150keV 

The implant energy was then increased to 150keV, in order to observe the effect 

of implanted range on the maximum charge handling capacity. A slight increase in 

charge handling capacity was observed as was suggested by Chatterjee and Taylor 

[10]. Maximum empty. full and pinned well potentials are presented in Fig. 5.8 and 

Table 5.5, and as before indicate a charge handling capacity maximum at a junction 

depth of 0.554m. This is in agreement with the results obtained and displayed graphi-

cally in Fig. 5.9. The maximum charge handling capacity was found to be 9394 

electrons/p.m` at a maximum electric field in the pinned condition of 1.91E5 V/cm. 

The charge handling capacity and maximum electric field for the pinned condition are 

reported in Table 5.6 as a function of junction depth. 
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Figure 5.8 Full well surface potential and peak empty, full and pinned well potentials 

as a function of junction depth for a 150keV arsenic implant of 1.6E12 ions/cm
2. 
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Figure 5.9 Maximum charge handling capacity as a function of junction 

depth for a 150keV arsenic implant of 1.6E12 ions/cm2 
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Table 5.5 Device Potentials as a Function of Junction Depth 

for a 150keV Arsenic Implant Dose = 1.6E12 ions /cm2 

Junction 

Depth 

(gm) 

Maximum Empty 

Well Potential 

(Volts) 

Maximum Full 

Well Potential 

(Volts) 

Maximum Pinned 

Well Potential 

(Volts) 

0.40 5.919 2.596 1.446 

0.50 6.250 2.492 1.816 

0.55 6.431 2.291  2.016 

0.60 6.628 2.488 2.229 

0.70 6.993 2.883 2.636 

0.80 7.360 3.278 3.037 

Table 5.6 Maximum Charge Handling Capacity and 
Electric Fields as a Function of Junction Depth 
For a 150keV Arsenic Implant Dose = 1.6E12 ions / cm' 

Junction 
Depth 
(Pm) 

Maximum Charge 
Handling Capacity 
(electrons / pn2) 

Maximum Electric Field in: 
Silicon 
(V/cm) 

Silicon Nitride 
(V/cm) 

Silicon Dioxide 
(V/cm) 

0.40 7859 1.92E5 3.41E5 6.56E5 

0.50 8549 1.91E5 3.41E5 6.57E5 

0.55 9394 1.91E5 3.41E5 6.57E5 

0.60 8945 1.91E5 3.41E5 6.56E5 

0.70 8099 1.90E5 3.41E5 636E5 

0.80 7380 1.89E5 3.41E5 6.55E5 
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5.4.3 Case 3 - Implant Energy of 175keV 

Once again using SUPREM III, an arsenic implant was simulated, but this time at 

175keV for junction depths ranging from 0.404m to .801.1m. In this case the maximum 

charge handling capacity was observed at 0.55µm as would be indicated by by the plot 

of peak empty, full and pinned well potentials, shown in Fig. 5.10, but no further 

increase in charge handling capacity was noted. Charge handling capacity as a function 

of Junction depth is shown in Fig. 5.11. Peak empty, full and pinned well potentials 

are also presented in tabular form in Table 5.7. In this case the maximum charge han-

dling capacity observed was 9133 electrons/µm2 at maximum electric field of 1.92 

V/cm in the pinned condition. Charge handling capacity and maximum electric fields 

in the pinned condition as a function of junction depth are reported in Table 5.8. 

Table 5.7 Device Potentials as a Function of Junction Depth 

for a 175keV Arsenic Implant Dose = 1.6E12 ions /cm2 

Junction 

Depth 

(gm) 

Maximum Empty 

Well Potential 

(Volts) 

Maximum Full 

Well Potential 

(Volts) 

Maximum Pinned 

Well Potential 

(Volts) 

0.40 6.060 2.497 1.537 

0.50 6.333 2.392 1.898 

0.55 6.489 2.390 2.073 

0.60 6.614 2.488 2.257 

0.70 7.020 2.883 2.663 

0.80 7.381 3.378 3.059 
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Figure 5.10 Full well surface potential and peak empty, full and pinned well potentials 

as a function of junction depth for a l75keV arsemc implant of 1.6E12 ions/cm2. 
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Figure 5.11 Maximum charge handling capacity as a function of junction 

depth for a 175keV arsenic implant of 1.6E12 ions/cm2
. 
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Table 5.8 Maximum Charge Handling Capacity and 
Electric Fields as a Function of Junction Depth 
For a 175keV Arsenic Implant Dose = 1.6E12 ions / cm2 

Junction 
Depth 
(gm) 

Maximum Charge 
Handling Capacity 
(electrons /µm2) 

Maximum Electric Field in: 
Silicon 
(V/cm) 

Silicon Nitride 
(V/cm) 

Silicon Dioxide 
(V/cm) 

0.40 8412 1.95E5 3.47E5 6.67E5 

0.50 8979 1.92E5 3.42E5 6.57E5 

0.55 9133 1.92E5 3.42E5 6.57E5 

0.60 8976 1.91E5 3.41E5 6.57E5 

0.70 8129 1.90E5 3.41E5 6.56E5 

0.80 7140 1.90E5 3.41E5 6.55E5 

5.4.4 Case 4 - Implant Energy of 200keV 

The final case simulated was for an implant energy of 200keV. In this case the 

plot of peak empty, full and pinned well potentials is deceiving. Although the plot 

shown in Fig. 5.12 would tend to indicate that the charge handling capacity should he 

at a Junction depth of 0.55pm it actually occurs at a Junction depth of 0.40pm as 

shown in Fig. 5.13. The peak values of potential for the empty, full and pinned well 

conditions are given in Table 5.9. 

Closer examination of equation [6] would imply that the ratio of depletion capaci-

tance to gate capacitance, Ca  / CG has become the dominant effect in charge handling 

capacity, whereas in the previous cases presented the dominant effect was due to the 

change in potential, Ohm  from empty to full well conditions. The maximum charge 

handling capacity for this case was determined to be 9426 electrons/p.m with a max-

imum electric field of 1.99 V/cm in the pinned condition. The charge handling capacity 
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Figure 5.12 Full well surface potential and peak empty, full and pinned well potentials 

as a function of Junction depth for a 200keV arsenic implant of 1.6E12 ions/cm2
. 
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Figure 5.13 Maximum charge handling capacity as a function of junction 

depth for a 200keV arsenic implant of 1.6E12 ions/cm2. 
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Table 5.9 Device Potentials as a Function of Junction Depth 

for a 200keV Arsenic Implant Dose = 1.6E12 ions /cm2 

Junction 
Depth 

(Pm) 

Maximum Empty 
Well Potential 

(Volts) 

Maximum Full 
Well Potential 

(Volts) 

Maximum Pinned 
Well Potential 

(Volts) 

0.40 6.250 2.397 1.694 

0.50 6.421 2.292 1.981 

0.55 6.557 2.389 2.151 

0.60 6.715 2.587 2.316 

0.70 7.043 2.986 2.686 

0.80 7.397  3.378 3.076 

and maximum electric fields in the pinned condition are reported in Table 5.10. It is 

significant to note though at a junction depth of 0.554m the charge handling capacity 

is 9225 electrons/µm2 at a maximum electric field in the pinned condition of 1.93E5 

V/cm. 

Table 5.10 Maximum Charge Handling Capacity and 
Electric Fields as a Function of Junction Depth 
For a 200keV Arsenic Implant Dose = 1.6E12 ions / cm2 

Junction 
Depth 
(1111) 

Maximum Charge 
Handling Capacity 
(electrons / µm2 ) 

Maximum Electric Field in: 
Silicon 
(N,  /cm) 

Silicon Nitride 
(V/cm) 

Silicon Dioxide 
(V/cm) 

0.40 9426 1.99E5 3.48E5 6.70E5 

0.50 9098 1.94E5 3.42E5 6.58E5 

0.55 9225 1.93E5 3.42E5 6.57E5 

0.60 8738 1.92E5 3.42E5 6.57E5 

0.70 7871 1.91E5 3.41E5 6.56E5 

0.80 7160 1.90E5 3.41E5 6.55E5 
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5.5 A Comparison of Charge Handling Capacity 
versus Implant Energy 

It is interesting to look at the charge handling capacity for each of the cases 

presented in Section 5.5 with respect to each other. Figure 5.14 presents charge han-

dling capacity versus junction depth as a function of implant energy. In this figure it 

becomes clear that the maximum charge handling capacity for this process is dom-

inated by the effect of the difference between peak empty well and peak full well 

potentials, ®gym  as given by Fig. 2.4b , except in the case of the 0.401im junction. At 

this point one might be led to beleive that for most of the cases the tradeoff between 

the ratio of depletion capacitance to gate capacitance and Mom  reaches what might be 

referred to as a happy medium and the charge handling capacity is maximized at a 

junction depth of 0.55pin Although from this Fig. it is not clear why the 200keV 

implant at a junction depth of 0.401.im exhibits a maximum in charge handling capacity 

while for the other cases the maximum occurs at 0.55µm. To gain better insight into 

this apparent outlier in charge handling capacity, ones attention must be drawn to Fig. 

5.15. Figure 5.15 is a plot of charge handling capacity versus implant energy as a 

function of junction depth. While in the cases of 100, 150 and 175keV implants the 

charge handling capacity at a given junction depth remains relatively constant, the 

200keV case indicates a clear upward trend as a function of decreasing junction depth. 

This would lead one to belie‘e that the effect of the rano of depletion capacitance to 

gate capacitance, Ca / CG is a strong function of implanted range and on further 

inspection of equations [3] and [4], it is clear that this rano increases with projected 

range. At this point it becomes clear that this effect dominates for the case of the 

200keV implant at a junction depth of 0.40p,m. 
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Figure 5.14 Maximum charge handling capacity versus Junction depth 

as a function of implant energy. 
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Figure 5.15 Maximum charge handling capacity versus implant energy 

as a function of Junction depth. 
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Chapter 6 

CONCLUSIONS and FUTURE WORK 

6.1 Conclusions 

Making use of SUPREM III and PISCES IIB a study into the effects of implant 

energy and junction depth on the charge handling capacity of a 31.im BCCD were con-

ducted. The results of the study indicate that charge handling capacities as high as 

9426 electrons/µm2 could be achieved with a 200keV arsenic implant, a dose of 

1.6E12 ions/cm2 
and a junction depth of 0.441m. Peak potentials in the empty well 

condition were 6.25 volts and the pinning condition was achieved with an applied gate 

voltage of -5.2 volts. This resulted in maximum electric fields in the silicon region of 

1.93E5 V/cm, which were less than the critical field strengths for silicon reported in 

Shur [13]. 

This study was performed using relatively a high temperature (1100°C) dnve-in 

and anneal cycle in order to make resonable comparisons on the effects of differnt 

implant energies and junction depths. This could result in damage to the stlicon, there-

fore lower temperature heat cycles should be used when the devices are actually fabn-

cated. In order to achieve the same junction depth at 1000°C it is necessary to dnve-in 

the implant for 4 times as long as at 1100°C. 

Additionally, the results of this work should be made use of m a full two dimen-

sional simulation using SUPREM IV, in order to better understand the effects of lateral 
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diffusion and to study the effects of fringing fields on the charge transfer efficiency. 

This may be accomplished by exporting the results obtained from SUPREM W to 

PISCES IIB and runmng a transient simulation. 

Finally, it should be noted that the results of this thesis are in good agreement 

with the theory presented by Chatterjee and Taylor [10]. 

6.2 Future Work 

The information contained in this thesis is at best a preliminary study of the 

effects of implant energy and junction depth on a 3t.im BCCD. Possible direction for 

future work includes, studying the effects of double implants on the charge handling 

capacity and fringing fields m BCCD's. This technique would make use of a high 

energy arsenic implant and a lower energy phosphorus implant. 

A more detailed study of the effects of lateral diffusion on the ability of channel 

stops to confine signal to the channel region m narrow channel BCCD's is also 

required. 

Finally, the effects of a low energy boron implant at the Si / SiO2 interface 

should be studied to determine its effect on device potentials and charge handling 

capacity and as a possible means of reducing the power consumption of the BCCD 

when operated at high clock rates. 
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Appendix A 

SUPREM HI Process Simulation Input Decks 



Process Simulation used to Obtain 0.40µm Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 100keV, with 4 Levels of Polysilicon 

TITLE High-Frame-Rate-CCD Process Simualtion 

INITIALI7F <100> Silicon Boron Concentraction=3.0e14 

Thickness=3 0 DX=0.001 XDX=0 001 Spaces=400 

DIFFUSION Temperature=800 Time=38 Wet02 HCL%=2.0 

IMPLANT Arsenic Energy=100 Dose=1 6e12 

DIFFUSION Temperature=1100 Time=14 Nitrogen 

DIFFUSION Temperatur1100 Time=99 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=18 WetO2 HCL%=2 0 

DEPOSIT Nirnde Temp=560 Thickness=0 05 spaces=5 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperatur950 Time=5 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rat-5 Nitrogen 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperatur950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas.Conc=3 I 585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rat-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2.0 
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DIFFUSION 

DIFFUSION 

DEPOSIT 

DIFF USION 

DIFFUSION 

DIFFUSION 

DIFFUSION 

ETCH 

DIFF US ION 

DIFF US ION 

DIFFUSION 

DIFFUSION 

DEPOSIT 

DIFFUSION 

DIFFUSION 

DIFFUSION 

DIFFUSION 

DIFFUSION 

DIFFUSION 

DIFFUSION 

DIFFUSION 

DIFFUSION 

DIFFUSION 

DIFFUSION 

DIFFUSION 

DIFFUSION 

DIFFUSION 

DIFFI SION 

DIFFUSION 

DIFFUSION 

DIFFUSION 

DIFFUSION 

DIFFUSION  

Temperature=900 Time=10 Nitrogen 

Tempel ature=900 Time=33 T Rate=-3 Nitrogen 

Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

Temperature=950 Time=15 Nitrogen 

Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

Temperature=950 Time=10 Nitrogen 

Temperature=950 Time=30 T Rate=-5 Nitrogen 

Polysilicon All 

Temperature=800 Time=20 T Rate=5 Nitrogen 

Temperature=900 Time=3 I Vv'et02 HCL%=2 0 

Temperature=900 Time=10 Nitrogen 

Temperature=900 Time=33 T Rate=-3 Nitrogen 

Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

Temperature=950 rme=15 Nitrogen 

Time=15 Temp=953 Gas Conc=3 1585e20 Phcsphonts 

Temperature=950 Time=10 Nitrogen 

Temperature=950 Time=30 T Rate=-5 Nitrogen 

Temperature=800 Time=20 T Rate=5 Nitrogen 

Ten-iperature=900 Time=10 V et02 HCL%=2 0 

Temperature=900 Time=13 Nitrogen 

Temperature=900 Time=33 T Rate=-3 Nitrogen 

Temperature=800 Time=15 Nitrogen 

Temperature=800 Ttme=10 Wet02 HCL%=2 0 

Temperature=800 Time=10 Nitrogen 

Temperature=800 Time=40 T Rate=5 Nitrogen 

Temperature=1000 Time=30 Nitrogen 

Temperature=1000 Tinie=66 T Rate=-3 Nitrogen 

Temperature=800 Time=3C T Rate=5 Nitrogen 

Temperattue=950 Time=15 Nitrogen 

Temperature=950 Time=50 T Rate=-3 Nitrogen 

Temperature=800 Time=30 T Rate=5 Nitrogen 

Temperature=950 Time=15 Nitrogen 

Temperature=950 Time=50 T Rate=-3 Nitrogen 



Process Simulation used to Obtain 0.501im Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 100keV, with 4 Levels of Polysilicon 

I'l 1LE High-Frame-Rate-CCD Process Simualtion 

INITIALIZE <100> Silicon Boron Concentraction=3 0e14 

Thickness=3 0 DX=0 001 XDX=0 001 Spaces=400 

DIFFUSION Temperature-=800 Time=38 WetO2 HCL%=2 0 

IMPLANT Arsenic Energy=100 Dose=1 6e12 

DIFFUSION Temperature=1100 Time=40 Nitrogen 

DIFFUSION Temperatur1100 Time=99 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperature=800 Time=20 T.Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=18 WetO2 HCL%=2 0 

DEPOSIT Nitnde Temp=560 Thickness=0 05 spaces=5 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thick riess=0 6 Spaces=5 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Tune=5 N.trogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperatur950 Time=30 T Rat-5 Nitrogen 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL70=2 0 

DIFFUSION Ternperatur900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT 1)1,!ysi1icon Temperature=560 Thickness =r: 6 Sraces=5 

DIFFL SION Tenipe:ature=950 T:rne=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphor .s 

DIFFUSION Temperature=950 Time= 10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

ETCH Poisilicon All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2 0 
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DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=3 1 WetO2 HCL,c70=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Pnosphon:. 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=10 WetO2 HCL%=2 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=15 Nitrogen 

DIFFUSION Temperature=800 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperature=800 Time=10 Nitrogen 

DIFFUSION Temperature=800 Time=40 T Rate=5 Nitrogen 

DIFFUSION Temperature=1000 Time=30 Nitrogen 

DIFFUSION Temperature=1000 Time=66 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rat-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperatur950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rate=-3 Nitrogen 
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Process Simulation used to Obtain 0.54tm Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 100keV, with 4 Levels of Pol;%silicon 

TITLE High-Frame-Rate-CCD Process Simualtion 

INfitALIZE <100> Silicon Boron Concentraction=3 0e14 

Thickness=3 0 DX=0 001 XDX=0 001 Spaces=400 

DIFFUSION Temperature=800 Trne=38 WetO2 HCL%=2 

IMPLANT I' Arsenic Energy=100 Dose=1 6e12 

DIFFUSION Temp- -ature=1100 Time,---55 Nitrogen 

DIFFUSION Tempelature=1100 Time=99 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=18 WetO2 HCL%=2 0 

DEPOSIT Nitnde Temp=560 Thickness=0 05 spaces=5 

DIFFUSION Temperature=900 Tme=i0 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperan:e=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Tirne=5 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperatur950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 T:rne=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperatur950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperatur950 Time=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2 0 
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DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperatur900 Time=33 T.Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperatur950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas.Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=3I Wet02 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperatur900 Time=33 T Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thiclaiess=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFF"USION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Tune=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperatur900 Time=10 Wet02 HCL%=2 0 

DIFFUSION Temperatur900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rat-3 Nitrogen 

DIFFUSION Temperatur800 Time=15 Nitrogen 

DIFFUSION Temperature=800 Time=10 Wet02 HCL%=2 0 

DIFFUSION Temperatur800 Time=10 Nitrogen 

DIFFUSION Temperature=800 Time=40 T Rate=5 Nitrogen 

DIFFUSION Temperatur1000 Tim30 Nitrogen 

DIFFUSION Temperatur1000 Time=66 T.Rate=-3 Nitrogen 

DIFFUSION Temperatur800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperatur950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T.Rat-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T.Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rate=-3 Nitrogen 



Process Simulation used to Obtain 0.601.1m Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 100keV, with 4 Levels of Polysilicon 

TITLE High-Frame-Rate-CCD Process Simualtion 

INITIALIZE <100> Silicon Boron Concentraction=3 0e14 

+ Thickness=3.0 DX=0 001 XDX=0.001 Spaces=400 

DIFFUSION Temperature=800 Time=38 WetO2 HCL%=2.0 

IMPLANT Arsenic Energy=100 Dose=1 6e12 

DIFFUSION Temperatur1100 Time=72 Nitrogen 

DIFFUSION Temperature=1100 Tim99 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperatur800 Time=20 T.Rat5 Nitrogen 

DIFFUSION Temperatur900 Time=18 WetO2 HCL%=2 0 

DEPOSIT Nitnde Temp=560 Thickness=0 05 spaces=5 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rat.-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0.6 Spaces=5 

DIFFUSION Temperatur800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperatur950 Time=5 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperatur950 Time=30 T Rate=-5 Nitrogen 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2.0 

DIFFUSION Temperature=900 Ti me= I 0 Nitrogen 

DIFFUSION Temperatur900 Time=33 T Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas.Conc=3.1585e20 Phosphorus 

DIFFUSION Temperatur950 Time=1 0 Nitrogen 

DIFFUSION Temperatur950 Ttme=30 T Rat-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperatur800 Time=20 T.Rat5 Nitrogen 

DIFFUSION Temperatur900 Time=31 WetO2 HCL%=2.0 
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DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rat-3 Nitrogen 

DEPOSIT Polysihcon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3.1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=800 Time=20 T.Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T.Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Ternp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

DIFFUSION Temperatur800 Time=20 T.Rat5 Nitrogen 

DIFFUSION Temperature=900 Time=10 Wet02 HCL%=2 0 

DU. 1. US ION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DIFFUSION Temperatur800 Time=15 Nitrogen 

DIFFUSION Temperatur800 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperatur800 Time=10 Nitrogen 

DIFFUSION Temperatur800 Time=40 T Rate=5 Nitrogen 

DIFFUS ION Temperatur1000 Tim30 Nitrogen 

DIFFUSION Temperatur1000 Tim66 T Rate=-3 Nitrogen 

DIFFUSION Temperatur800 Time=30 T.Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rate=-3 Nitrogen 

DIFFUSION Temperatur800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Tune=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rate=-3 Nitrogen 



Process Simulation used to Obtain 0.70µm Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 100keV, with 4 Levels of Polysilicon 

TITLE High-Frame-Rate-CCD Process Simualtion 

INITIALIZE <100> Silicon Boron Concentraction=3 0e14 

+ Thickness=3 0 DX=0.001 XDX=0 001 Spaces=400 

DIFFUSION Temperature=800 Time=38 WetO2 HCL%=2 0 

IMPLANT Arsenic Energy=100 Dose=1 6e12 

DII. FUSION Temperature=1100 Time= 112 Nitrogen 

DIFFUSION Temperature=1100 Time=99 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=18 WetO2 HCL%=2 0 

DEPOSIT Nitnde Temp=560 Thickness=0 05 spaces=5 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T.Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=5 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rat-5 Nitrogen 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T.Rat-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2 0 
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DIFFUSION Temperatur900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T.Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperatur900 Time=33 T Rate=-3 Nitrogen 

DIFFUSION Temperatur800 Time=15 Nitrogen 

DIFFUSION Temperatur800 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperatur800 Time=10 Nitrogen 

DIFFUSION Temperature=800 Time=40 T Ra:5 Nitrogen 

DIFFUSION Temperature=1000 Time=30 Nitrogen 

DIFFUSION Temperature=1000 Time=66 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rat-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rat-3 Nitrogen 



Process Simulation used to Obtain 0.80p.m Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 100keV, with 4 Levels of Polysilicon 

111LE High-Frame-Rate-CCD Process Simualtion 

INITIALIZE <100> Silicon Boron Concentraction=3 0e14 

Thickness=3.0 DX=0 001 XDX=0 001 Spaces=400 

DIFFUSION Temperature=800 Time=38 WetO2 HCL%=2 0 

IMPLANT Arsenic Energy=100 Dose=1 6e12 

DIFFUSION Temperature=1100 Time=161 Nitrogen 

DIFFUSION Temperature=1100 Time=99 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperatur900 Time=18 WetO2 HCL%=2.0 

DEPOSIT Nitnde Temp=560 Thickness=0 05 spaces=5 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Tune=33 T Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Tune=5 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T.Rate=-5 Nitrogen 

DIFFUSION Temperatur800 Time=20 T.Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2.0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperatur900 Time=33 T.Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rat-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperatur900 Tune=31 WetO2 HCL%=2 0 
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DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rat-5 Nitrogen 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DIFFUSION Temperatur800 Time=15 Nitrogen 

DIFFUSION Temperature=800 Time=10 WetO2 HCL%=2.0 

DIFFUSION Temperatur800 Time=10 Nitrogen 

DIFFUSION Temperature=800 Time=40 T Rate=5 Nitrogen 

DIFFUSION Temperature=1000 Time=30 Nitrogen 

DIFFUSION Temperature=1000 Time=66 T Rate=-3 Nitrogen 

DIFFUSION Temperatur800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T.Rat-3 Nitrogen 

DIFFUSION Temperatur800 Time=30 T.Rat5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rat-3 Nitrogen 



Process Simulation used to Obtain 0.40µm Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 150keV, with 4 Levels of Polysilicon 

TITLE High-Frame-Rate-CCD Process Simualtion 

INITIALI7F <100> Silicon Boron Concentraction=3 0e14 

Thickness=3.0 DX=0 001 XDX=0 001 Spaces=400 

DIFFUSION Temperature=800 Time=38 Wet02 HCL%=2 0 

IMPLANT Arsenic Energy=150 Dose=1 6e12 

DIFFUSION Temperatur1100 Time=7 Nitrogen 

DIFFUSION Temperature=1100 Time=99 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperature=800 Time=20 T.Rat5 Nitrogen 

DIFFUSION Temperatur900 Time=18 WetO2 HCL%=2.0 

DEPOSIT Nitnde Temp=560 Thickness=0.05 spaces=5 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperatur900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=5 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperatur950 Time=10 Nitrogen 

DIFFUSION Temperatur950 Time=30 T.Rate=-5 Nitrogen 

DIFFUSION Temperatur800 Time=20 T.Rat5 Nitrogen 

DIFFUSION Temperatur900 Time=31 Wet02 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Tune=33 T.Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas.Conc=3 1585e20 Phosphorus 

DIFFUSION Temperatur950 Time=10 Nitrogen 

DIFFUSION Temperatur950 Time=30 T.Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperatur900 Time=31 WetO2 HCL%=2.0 
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DIFFUSION Temperatur900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperatur950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperatur950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T.Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperatur800 Tfflie=20 T Rate=5 Nitrogen 

DIFFUSION Temperatur900 Time=31 WetO2 HCL%=2 0 

DIFFUSION Temperatur900 Time=10 Nitrogen 

DIFFUSION Temperatur900 Time=33 T.Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperatur950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperatur950 Time=30 T Rat-5 Nitrogen 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperatur900 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperatur900 Time=33 T Rate=-3 Nitrogen 

DIFFUSION Temperatur800 Time=15 Nitrogen 

DIFFUSION Temperatur800 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperatur800 Time=10 Nitrogen 

DIFFUSION Temperatur800 Time=40 T Rate=5 Nitrogen 

DIFFUSION Temperatur1000 Time=30 Nitrogen 

DIFFUSION Temperatur1000 Time=66 T Rate=-3 Nitrogen 

DIFFUSION Temperatur800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperatur950 Time=15 Nitrogen 

DIFFUSION Temperatur950 Time=50 T Rate=-3 Nitrogen 

DIFFUSION Temperatur800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperatur950 Time=15 Nitrogen 

DIFFUSION Temperatur950 Time=50 T.Rat-3 Nitrogen 



Process Simulation used to Obtain 0.50µm Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 150keV, with 4 Levels of Polysilicon 

TITLE High-Frame-Rate-CCD Process Simualtion 

INITIALI7F <100> Silicon Boron Concentraction=3.0e14 

Thickness=3 0 DX=0 001 XDX=0.001 Spaces=400 

DIFFUSION Temperature=800 Time=38 WetO2 HCL%=2 0 

IMPLANT Arsenic Energy=150 Dose=1.6e12 

DIFFUSION Temperature=1100 Time=31 Nitrogen 

DIFFUSION Temperature=1100 Time=99 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperature=800 Time=20 T.Rate=5 Nitrogen 

DIFFUSION Temperatur900 Time=18 WetO2 HCL%=2 0 

DEPOSIT Nitnde Temp=560 Thickness=0.05 spaces=5 

DIFFUSION Temperatur900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0.6 Spaces=5 

DIFFUSION Temperatur800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=5 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperatur950 Time=10 Nitrogen 

DIFFUSION Temperatur950 Time=30 T.Rat-5 Nitrogen 

DIFFUSION Temperatur800 Time=20 T.Rate=5 Nitrogen 

DIFFUSION Temperatur900 Time=31 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0.6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperatur950 Time=30 T Rat-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2.0 
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DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T.Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0.6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas.Conc=3.1585e20 Phosphorus 

DIFFUSION Temperatur950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0.6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=-10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T.Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=15 Nitrogen 

DIFFUSION Temperatur800 Tim10 WetO2 HCL%=2 0 

DIFFUSION Temperature=800 Time=10 Nitrogen 

DIFFUSION Temperature=800 Time=40 T.Rate=5 Nitrogen 

DIFFUSION Temperature=1000 Time=30 Nitrogen 

DIFFUSION Temperature=1000 Time=66 T Rate=-3 Nitrogen 

DIFFUSION Temperatur800 Time=30 T Rat5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperatur950 Time=50 T Rat-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T.Rate=5 Nitrogen 

DIFFUSION Temperatur950 Time=15 Nitrogen 

DIFFUSION Temperatur950 Time=50 T Rat-3 Nitrogen 



Process Simulation used to Obtain 0.55µm Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 150keV, with 4 Levels of Polysilicon 

TITLE High-Frame-Rate-CCD Process Simualtion 

INITIALIZE <100> Sihcon Boron Concentracti on=3 0e14 

+ Thickness=3.0 DX=0 001 XDX=0 001 Spaces=400 

DIFFUSION Temperature=800 Time=38 WetO2 HCL%=2 0 

IMPLANT Arsenic Energy=150 Dose=1 6e12 

DIFFUSION Temperature=1100 Time=46 Nitrogen 

DIFFUSION Temperature=1100 Time=99 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=18 WetO2 HCL%=2 0 

DEPOSIT Nitride Temp=560 Thickness=0 05 spaces=5 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0.6 Spaces=5 

DIFFUSION Temperatur800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=5 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperatur950 Tune=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rat-5 Nitrogen 

DIFFUSION Temperatur800 Time=20 T.Rate=5 Nitrogen 

DIFFUSION Temperatur900 Time=31 WetO2 HCL%=2 0 

DIFFUSION Temperatur900 Time=10 Nitrogen 

DIFFUSION Temperatur900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperatur950 Time=10 Nitrogen 

DIFFUSION Temperatur950 Time=30 T.Rat-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperatur900 Time=31 WetO2 HCL%=2 0 
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DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T.Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0.6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=3 I WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T.Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T.Rate=-3 Nitrogen 

DIFFUSION Temperatur800 Time=15 Nitrogen 

DIFFUSION Temperature=800 Time=10 WetO2 HCL%=2.0 

DIFFUSION Temperature=800 Time=10 Nitrogen 

DIFFUSION Temperatur800 Time=40 T Rate=5 Nitrogen 

DIFFUSION Temperature=1000 Tim30 Nitrogen 

DIFFUSION Temperature=1000 Time=66 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rat-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rate=-3 Nitrogen 



Process Simulation used to Obtain 0.601.tm Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 150keV, with 4 Levels of Polysilicon 

TITLE High-Frame-Rate-CCD Process Simualtion 

INITIALIZE <100> Silicon Boron Concentraction=3 0e14 

Thickness=3.0 DX=0 001 XDX=0 001 Spaces=400 

DIFFUSION Temperature=800 Time=38 WetO2 HCL%=2 0 

IMPLANT Arsenic Energy=150 Dose=1 6e12 

DIFFUSION Temperature=1100 Time=64 Nitrogen 

DIFFUSION Temperature=1100 Time=99 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperatur800 Time=20 T.Rate=5 Nitrogen 

DIFFUSION Temperatur900 Time=18 WetO2 HCL%=2 0 

DEPOSIT Nitnde Temp=560 Thickness=0 05 spaces=5 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperatur800 Time=30 T.Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=5 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperatur950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

DIFFUSION Temperatur800 Time=20 T.Rate=5 Nitrogen 

DIFFUSION Temperatur900 Time=31 WetO2 HCL%=2 0 

DIFFUSION Temperatur900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas.Conc=3 1585e20 Phosphorus 

DIFFUSION Temperatur950 Time=10 Nitrogen 

DIFFUSION Temperatur950 Time=30 T Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2.0 
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DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperatur900 Time=33 T Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0.6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas.Conc=3.1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 Wet02 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas.Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

DIFFUSION Temperature=800 Time=20 T.Rate=5 Nitrogen 

DIFFUSION Temperatur900 T1 me=10 Wet02 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperatur900 Time=33 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=15 Nitrogen 

DIFFUSION Temperature=800 Time=10 Wet02 HCL%=2.0 

DIFFUSION Temperature=800 Time=10 Nitrogen 

DIFFUSION Temperature=800 Time=40 T.Rate=5 Nitrogen 

DIFFUSION Temperature= 1000 Time=30 Nitrogen 

DIFFUSION Temperatur1000 Time=66 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperatur950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T.Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T.Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rate=-3 Nitrogen 
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Process Simulation used to Obtain 0.70pm Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 150keV, with 4 Levels of Polysilicon 

TITLE High-Frame-Rate-CCD Process Simualtion 

INITIALIZE <100> Silicon Boron Concentracuon=3 0e14 

Thickness=3 0 DX=0 001 XDX=0 001 Spaces=400 

DIFFUSION Temperature=800 Time=38 WetO2 HCL%=2 0 

IMPLANT Arsenic Energy=150 Dose=1 6e12 

DIFFUSION Temperatur1100 Tim 103 Nitrogen 

DIFFUSION Temperature,-1100 Time=99 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=18 WetO2 HCL%=2 0 

DEPOSIT Nitnde Temp=560 Thickness=0 05 spaces=5 

DIFFUSION Tenaperatur900 Tune=10 Nitrogen 

DIFFUSION Temperatur900 Time=33 T Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0.6 Spaces=5 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=5 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperatur950 Time=10 Nitrogen 

DIFFUSION Temperatur950 Time=30 T Rat-5 Nitrogen 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperatur900 Tune=31 WetO2 HCL%=2 0 

DIFFUSION Temperatur900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperatur950 Time=10 Nitrogen 

DIFFUSION Temperatur950 Time=30 T Rat-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperatur800 Time=20 T.Rate=5 Nitrogen 

DIFFUSION Temperatur900 Time=31 WetO2 HCL%=2 0 
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DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T.Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperatur950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3.1585e20 Phosphorus 

DIFFUSION Temperatur950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Tirne=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 Wet02 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperatur900 Time=33 T Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperatur950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 I585e2C Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rat-5 Nitrogen 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=10 Wet02 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DIFFUSION Temperatur800 Time=15 Nitrogen 

DIFFUSION Temperatur800 Time=10 Wet02 HCL%=2 0 

DIFFUSION Temperature=800 Time=10 Nitrogen 

DIFFUSION Temperature=800 Time=40 T Rate=5 Nitrogen 

DIFFUSION Temperatur1000 Time=30 Nitrogen 

DIFFUSION Temperature=1000 Time=66 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperatur950 Time=15 Nitrogen 

DIFFUSION Temperatur950 Time=50 T.Rat-3 Nitrogen 

DIFFUSION Temperatur800 Time=30 T Rat5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperatur950 Time=50 T.Rate=-3 Nitrogen 



Process Simulation used to Obtain 0.801im Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 150keV, with 4 Levels of Polysilicon 

TITLE High-Frame-Rate-CCD Process Simualtion 

INITIALIZE <100> Silicon Boron Concentraction=3 0e14 

Thickness=3 0 DX=0 001 XDX=0.001 Spaces=400 

DIFFUSION Temperature=800 Time=38 WetO2 HCL%=2.0 

IMPLANT Arsemc Energy=150 Dose=1 6e12 

DIFFUSION Temperature=1100 Time=149 Nitrogen 

DIFFUSION Temperature=1100 Time=99 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=18 WetO2 HCL%=2 0 

DEPOSIT Nitride Temp=560 Thickness=0 05 spaces=5 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0.6 Spaces=5 

DIFFUSION Temperature=800 Time=30 T.Rate=5 Nitrogen 

DIFFUSION Temperatur950 Time=5 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T.Rate=-5 Nitrogen 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2.0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T.Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperatur950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rat-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2.0 



DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T.Rate=-3 Nitrogen 

DEPOSIT Polysihcon Temperature=560 Thiclaiess=0.6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2.0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T.Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3.1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T.Rate=-5 Nitrogen 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=10 Wet02 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900-Time=33 T.Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=15 Nitrogen 

DIFFUSION Temperature=800 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperature=800 Time=10 Nitrogen 

DIFFUSION Temperature=800 Time=40 T Rate=5 Nitrogen 

DIFFUSION Temperature=1000 Time=30 Nitrogen 

DIFI-USION Temperature=1000 Time=66 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T Rat5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rate=-3 Nitrogen 
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Process Simulation used to Obtain 0.404m Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 175keV, with 4 Levels of Polysilicon 

I I I LE High-Frame-Rate-CCD Process Simualtion 

INMALI7F <100> Silicon Boron Concentraction=3.0e14 

Thickness=3.0 DX=0.001 XDX=0.001 Spaces=400 

DIFFUSION Temperature=800 Time=38 WetO2 HCL%=2.0 

IMPLANT Arsenic Energy=175 Dose=1.6e12 

DIFFUSION Temperature=1100 Time=3 Nitrogen 

DIFFUSION Temperature=1100 Time=99 T.Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=18 WetO2 HCL%=2 0 

DEPOSIT Nitnde Temp=560 Thicimess=0 05 spaces=5 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=5 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Ternperattu- 950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2 0 

DIFFUSION Temperat ure=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperatur950 Time=10 Nitrogen 

DIFFUSION Temperatur950 Time=30 T Rat-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=800 Time=20 T.Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2 0 
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DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysihcon Temperature=560 Thickness=0.6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas.Conc=3.1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature 800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=3 I WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DII.FUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0.6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=10 WetO2 1-1C1-%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=15 Nitrogen 

DIFFUSION Temperature=800 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperature=800 Time=10 Nitrogen 

DIFFUSION Temperature=800 Time=40 T Rate=5 Nitrogen 

DIFFUSION Temperatur1000 Time=30 Nitrogen 

DIFFUSION Temperature=1000 Tirne=66 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Tlnie=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature-=950 Time=50 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T.Rate=-3 Nitrogen 
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Process Simulation used to Obtain 0.501.1m Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 175keV, with 4 Levels of Polysilicon 

TITLE High-Frarne-Rate-CCD Process Simualtion 

INITIALIZE <100> Silicon Boron Concentraction=3 0e14 

Thickness=3.0 DX=0.001 XDX=0 001 Spaces=400 

DIFFUSION Temperature=800 Time=38 WetO2 HCL%=2 0 

IMPLANT Arsenic Energy=175 Dose,1 6e12 

DIFFUSION Temperature=1100 Time=27 Nitrogen 

DIFFUSION Temperature=1100 Time=99 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperatur900 Time=18 V+,  etL 2 HCL%=2 0 

DEPOSIT Nitnde Temp=560 Thi—imess=0 05 spaces=5 

DIFFUSION Temperature=900 Tune=10 Nitrogen 

DIFFUSION Temperatur900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Truckness=0 6 Spaces=5 

DIFFUSION Temperatur800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperatur950 Time=5 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 15 5e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

DIFFUSION Temperatur800 Time=20 T Rat5 Nitrogen 

DIFFUSION Temperatur900 Time=31 WetO2 HCL%=2 0 

DIFFUSION Temperatur900 Time=10 Nitrogen 

DIFFUSION Temperatur900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 ,..iickcness=06 S^aces=5 

DIF Ft_ SION Temperature=950 Time= I 5 N....rczer. 

DIFFUSION Time=15 Temp=950 Gas Conc=3 15S5e20 Phosphorus 

DIFFUSION Temperatur950 Time=10 Nitrogen 

DIFFUSION Temperatur950 Time=30 T Rat-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2 0 
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DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0.6 Spaces=5 

DIFFUSION Temperatur950 Time=15 Nitrogen 

DIFFUSION Time=15 Tem950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Terriperature=950 Ti me=10 Nitrogen 

DIFFUSION Temperature=950 Ti me= 30 T Rate=-5 Nitrogen 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=10 Vvet02 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=15 Nitrogen 

DIFFUSION Temperature=800 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperature=800 Time=10 Nitrogen 

DIFFUSION Temperature=800 Time=40 T Piate=5 Nitrogen 

DIFFUSION Temperature=1000 Time=30 Nitrogen 

DIFFUSION Temperature=1000 Time=66 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Tine=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 N'..,:.-.- ze:i 

DIFFUSION Temperatur950 Time=50 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rate=-3 Nitrogen 



Process Simulation used to Obtain 0.55pm Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 175keV, with 4 Levels of Polysilicon 

111LE High-Frame-Rate-CCD Process Simualtion 

INITIALITh <100> Silicon Boron Concentraction=3.0e14 

Thickness=3 0 DX=0.001 XDX=0 001 Spaces=400 

DIFFUSION Temperatur800 Time=38 WetO2 HCL%=2 0 

IMPLANT Arsenic Energy=175 Dose=1 6e12 

DIFFUSION Temperature=1100 Time=41 Nitrogen 

DIFFUSION Temperature=1100 Time=99 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperature=800 Time=20 T.Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time= 18 WetO2 HCL%=2 0 

DEPOSIT Nitnde Temp=560 Thickness=0 05 spaces=5 

DIFFUSION _Temperature=900 Time= I 0 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=5 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperatur950 Time=30 T Rate=-5 Nitrogen 

DIFFUSION Temperatus800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperatur900 Tune=31 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=9a5 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polys:Lcon Ter:7e-ature=56C,  Thickness=0 6 Spaces=5 

DIFFUSION Temperature=;`_' Time=15 Nitrogen 

DIFFUSION Time=15 Ternr.s=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=1 0 Nitrogen 

DIFFUSION Temperatur950 Time=30 T Rare=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperatur900 Time=31 WetO2 HCL%=2 0 

93 



DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas.Conc=3.1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T.Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=3 I WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 o Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=10 WetO2 HCL%=2 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=15 Nitrogen 

DIFFUSION Temperature=800 Time=10 WetO2 HCL°10=2 0 

DIFFUSION Temperature=800 Time=10 Nitrogen 

DIFFUSION Temperature=800 Time=40 T Rate=5 Nitrogen 

DIFFUSION Temperature=1000 Time=30 Nitrogen 

DIFFUSION Teniperatur1000 Time=66 T Rate=-3 Nitrogen 

DIFFUSION' Temperature=8:,0 Time=30 T Rate,--5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rate=-3 Nitrogen 

94 



Process Simulation used to Obtain 0.60pm Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 175keV, with 4 Levels of Polysilicon 

TITLE High-Frame-Rate-CCD Process Simualnon 

INMALI7F <100> Silicon Boron Concentraction=3 0e14 

Thickness=3.0 DX=0 001 XDX=0.001 Spaces=400 

DIFFUSION Temperatur800 Tune=38 WetO2 HCL%=2.0 

IMPLANT Arsenic Energy=175 Dose=1 6e12 

DIFFUSION Temperature=1100 Time=57 Nitrogen 

DIFFUSION Temperature=1100 Time=99 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperature=800 Time=20 T.Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=18 WetO2 HCL%=2 0 

DEPOSIT Nitnde Temp=560 Thickness=0 05 spaces=5 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Foisl.icon Teniperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperatur800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=9f Time=5 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperatur950 Time=10 Nitrogen 

DIFFUSION Temperatur950 Timv=30 T Rate=-5 Nitrogen 

DIFFUSION Temperatur800 Time="20 T Raxe=5 Nitrogen 

DIFFUSION TemperaturQ00 Tinie=31 WetO2 HCL%=2 0 

DIFFUSION Ternperature=90C Time=10 Nitrogen 

DIFFUSION Temperature=900 T.me=33 T Rate=-3 Nitrogen 

DEPOSIT Poi \,El'icon Temperature=560 Tni,:mess=0 6 Sna,:es=5 

D1FFUS1 O" Temperature=c-50 Tnrie=15 IN,trozen 

DIFFUSION Time=1 5 Temp=9.50 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperatur950 Time=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=800 Tinie=20 T.Rate=5 Nitrogen 

DIFFUSION Temperatur900 Time=31 WetO2 HCL%=2.0 
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DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T.Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0.6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas.Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T.Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas.Conc=3.1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Tirne=30 T.Rate=-5 Nitrogen 

DIFFUSION Temperature=800 Time=20 T.Rat5 Nitrogen 

DIFFUSION Temperature=900 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperatur900 Time=33 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=15 Nitrogen 

DIFFUSION Temperature=800 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperature=800 Time=10 Nitrogen 

DIFFUSION Temperature=800 Time=40 T Rate=5 Nitrogen 

DIFFUSION Temperature=1000 Tun30 Nitrogen 

DIFFUSION Temperature=1000 Time=66 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rat-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rate=-3 Nitrogen 
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Process Simulation used to Obtain 0.70gm Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 175keV, with 4 Levels of Polysilicon 

I I ILE High-Frame-Rate-CCD Process Simualtion 

INITIALIZE <100> Silicon Boron Concentraction=3 Oeld 

Thickness=3.0 DX=0 001 XDX=0 001 Spaces=400 

DIFFUSION Temperatur800 Time=38 WetO2 HCL%=2.0 

IMPLANT Arsenic Energy=175 Dose=1.6e12 

DIFFUSION Temperature=1100 Tini97 Nitrogen 

DIFFUSION Temperature=1100 Time=99 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperature=800 Time=20 T.Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=18 WetO2 HCL%=2 0 

DEPOSIT Nitnde Temp=560 Thickness=0.05 spaces=5 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=5 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rat-5 Nitrogen 

DIFFUSION Temperatur800 Time=20 T.Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=566 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time= I 5 Nitrczer. 

DIFFUSION Time=15 Temp=950 Gas Conc=3 I58,5e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2.0 
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DIFFUSION Temperatur900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T.Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0.6 Spaces=5 

DIFFUSION Temperatur950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas.Conc=3 1585e20 Phosphorus 

DIFFUSION Temperatur950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T.Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=3 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperatur950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T.Rate=-5 Nitrogen 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rat-3 Nitrogen 

DIFFUSION Temperatur800 Time=15 Nitrogen 

DIFFUSION Temperatur800 Time=10 WetO2 HCL%=2.0 

DIFFUSION Temperatur800 Time=10 Nitrogen 

DIFFUSION Temperature=800 Time=40 T Rate=5 Nitrogen 

DIFFUSION Temperature=1000 Time=30 Nitrogen 

DIFFUSION Temperatures Time=66 T Rate=-3 Nitrogen 

DIFFUSION Temperature=82.C. Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rat-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T Rat5 Nitrogen 

DIFFUSION Temperatur950 Time=15 Nitrogen 

DIFFUSION Temperatur950 Time=50 T Rat-3 Nitrogen 



Process Simulation used to Obtain 0.804m Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 175keV, with 4 Levels of Polysilicon 

I I LE High-Frame-Rate-CCD Process Simualtion 

INMALI73.  <100> Silicon Boron Concentraction=3.0e14 

Thickness=3 0 DX=0 001 XDX=0 001 Spaces=400 

DIFFUSION Temperatur800 Time=38 WetO2 HCL%=2 0 

IMPLANT Arsenic Energy=175 Dose=1 6e12 

DIFFUSION Temperature=1100 Time=143 Nitrogen 

DIFFUSION Temperature=1100 Time=99 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperatur900 Time=18 WetO2 HCL%=2 

DEPOSIT Nitnde Temp=560 Thickness=0 05 spaces=5 

DIFFUSION Temperature=900 Time=10 Niuogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperatur800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperatur950 Time=5 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperatur950 Time=10 Nitrogen 

DIFFUSION Temperatur950 Time=30 T Rate=-5 Nitrogen 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperatur900 Time=31 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Pc:ys,licon Teraperature=560 Thickness =0 6 Spaces=5 

DIFFUSION Teniperature=950 Time=15 Nitrogen 

DIFFUSION T.me=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperatur950 Time=10 Nitrogen 

DIFFUSION Temperatur950 Time=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperatur900 Time=31 WetO2 HCL%=2 0 
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DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0.6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3.1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thiekness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=15 Nitrogen 

DIFFUSION Temperature=800 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperatur800 Time=10 Nitrogen 

DIFFUSION Temperature=800 Time=40 T Rate=5 Nitrogen 

DIFFUSION Temperature=1000 Time=30 Nitrogen 

DIFFUSION Temperature=1000 Time=66 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T Rate=5 ;:oger,  

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rate=-3 Nitrogen 
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Process Simulation used to Obtain 0.400n Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 200keV, with 4 Levels of Polysilicon 

I I I LE High-Frame-Rate-CCD Process Simualtion 

INITIALIZE <100> Silicon Boron Concentraction=3.0e14 

Ttuckness=3 0 DX=0 001 XDX=0 001 Spaces=400 

DIFFUSION Temperature=800 Time=38 WetO2 HCL%=2 0 

IMPLANT Arsenic Energy=200 Dose=1 6e12 

DIFFUSION Temperature=1100 Time=25 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=18 WetO2 HCL%=2 0 

DEPOSIT Nitnde Temp=560 Thickness=0 05 spaces=5 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION - Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thicluiess=0 6 Spaces=5 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=5 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Ternperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=45: T me=15 °ger: 

DIFFUSION Tirne=15 Temp=950 Gas Conc=3 15S5e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Ternperature=950 Time=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=8CMJ Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperatur900 Time=31 WetO2 HCL%=2 0 

DIFFUSION Temperatur900 Time=10 Nitrogen 
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DIFFUSION Temperature=900 Time=33 T.Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thicimess=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas.Conc=3.1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T.Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T.Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Tluckness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas.Conc=3.1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=10 WetO2 HCL%=2.0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=15 Nitrogen 

DIFFUSION Temperature=800 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperature=800 Time=10 Nitrogen 

DIFFUSION Temperature=800 Time=40 T Rate=5 Nitrogen 

DIFFUSION Temperature= 1 000 Time=30 Nitrogen 

DIFFUSION Temperature=1000 Time=66 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rate=-3 Nitrogen 
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Process Simulation used to Obtain 0.50µm Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 200keV, with 4 Levels of Polysilicon 

TITLE High-Frame-Rate-CCD Process Simualtion 

INITIALIZE <100> Silicon Boron Concentraction=3.0e14 

Thicicness=3.0 DX=0.001 XDX=0.001 Spaces=400 

DIFFUSION Temperature=800 Time=38 WetO2 HCL%=2.0 

IMPLANT Arsenic Energy=200 Dose=1.6e12 

DIFFUSION Temperature=1100 Time=21 Nitrogen 

DIFFUSION Temperature=1 100 Time=99 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperature=800 Time=20 T.Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=18 WetO2 HCL%=2 0 

DEPOSIT Nitride Temp=560 Thickness=0 05 spaces=5 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=800 Time=30 T Rat5 Nitrogen 

DIFFUSION Temperature=950 Time=5 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T.Rate=-5 Nitrogen 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Tluckness=0 6 Spaces=5 

DIFFL SION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2.0 
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DIFFUSION Temperatu900 Time=10 Nitrogen 

DIFFUSION Temperatur-900 Time=33 T.Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0.6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas.Conc=3.1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperatur800 Time=20 T.Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=31 WetO2 HCL%=2.0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T.Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rate=-5 Nitrogen 

DIFFUSION Temperatur800 Time=20 T Rat5 Nitrogen 

DIFFUSION Temperature=900 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rat-3 Nitrogen 

DIFFUSION Temperatur800 Time=15 Nitrogen 

DIFFUSION Temperatur800 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperatur800 Time=10 Nitrogen 

DIFFUSION Temperatur800 Time=40 T Rate=5 Nitrogen 

DIFFUSION Temperature=1000 Time=30 Nitrogen 

DIFFUSION Temperature=1000 Time=66 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperatur950 Time=50 T Rat-3 Nitrogen 

DIFFUSION Temperatur800 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=50 T Rat-3 Nitrogen 



Process Simulation used to Obtain 0.55µm Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 200keV, with 4 Levels of Polysilicon 

111LE High-Frame-Rate-CCD Process Simualtion 

INITIALIZE <300> Silicon Boron Concentraetion=3 0e34 

Thickness=3 0 DX=0.091 XDX=0 001 Spaces=400 

DIFFUSION Temperature=900 Time=39 Wet02 HCL%=2 

IMPLANT Arsenic Energy=200 Dose=3 6e32 

DIFFUSION Temperature=1199 Time=36 Nitrogen 

DIFFUSION Temperature=1199 Time=99 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperature=569 Time=29 Rate=5 Nitrogen 

DIFFUSION Temperature=909 Time=39 Wet02 HCL%=2 0 

DEPOSIT Nitride Temp=569 Thickness=9 90 spaces=0 

DIFFUSION Temperature=560 Time=36 Nitrogen 

DIFFUSION Temperature=569 Time=33 T Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=569 Thickness=9 6 Spaces=0 

DIFFUSION Temperature=569 Time=30 T Rate=0 Nitrogen 

DIFFUSION Temperature=900 Time=0 Nitrogen 

DIFFUSION Time=39 Temp=900 Gas Conc=3 3080e29 Phosphorus 

DIFFUSION Temperature=900 Time=30 Nitrogen 

DIFFUSION Temperature=900 Time=30 T.Rat-0 Nitrogen 

DIFFUSION Temperature=560 Time=20 Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=39 Wet02 HCL%=2 9 

DIFFUSION Temperature=900 Time=39 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=900 Thickness=3 6 Spaces=5 

DIFFUSION Temperature=900 Time=39 Nitroger 

DIFFUSION Time=39 Temp=900 Gas Conc=3 3090e29 Phosphorus 

DIFFUSION Temperature=900 Time=36 Nitrogen 

DIFFUSION Temperature=900 Time=39 T Rate=-0 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=900 Time=29 T Rate=0 Nitrogen 

DIFFUSION Temperatur900 Time=33 Wet02 HCL%=2 9 
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DIFFUSION Temperatur=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0.6 Spaces=0 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas.Conc=3.1585e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperatur900 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=3: WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Tune=10 Nitrogen 

DIFFUSION Temperatur900 Time=33 T Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=900 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=900 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=39 T Rate=-5 Nitrogen 

DIFFUSION Temperatur900 Time=20 T Rat5 Nitrogen 

DIFFUSION Temperature=900 Time=10 WetO2 HCL%=2 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T.Rate=-3 Nitrogen 

DIFFUSION Temperatur560 Time=15 Nitrogen 

DIFFUSION Temperatur900 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperatur900 Time=10 Nitrogen 

DIFFUSION Temperatur800 Time=40 T Rate=5 Nitrogen 

DIFF USION Temperature=1000 Time=39 Nitrogen 

DIFFUSION Temperature=1000 Time=66 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=39 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 T.me=15 Nitrogen 

DIFFUSION Temperature=900 Time=50 T Rat-3 Nitrogen 

DIFFUSION Temperature=900 Time=39 T Rat5 Nitrogen 

DIFFUSION Temperature=900 Time=15 Nitrogen 

DIFFUSION Temperature=950 Time=00 T Rate=-3 Nitrogen 



Process Simulation used to Obtain 0.60gm Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 200keV, with 4 Levels of Polysilicon 

TITLE High-Frame-Rate-CCD Process Simualtion 

INITIALIZE <100> Silicon Boron Concentraction=3 0e14 

Thickness=3 0 DX=0 001 XDX=0 001 Spaces=400 

DIFFUSION Temperature=900 Time=39 WetO2 HCL%=2 0 

IMPLANT Arsemc Energy=200 Dose=1 6e12 

DIFFUSION Temperature=1100 Time=51 Nitrogen 

DIFFUSION Temperature=1100 Time=99 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperature=900 Time=20 T Rate=0 Nitrogen 

DIFFUSION Temperature=900 Time=18 WetO2 HCL%=2 0 

DEPOSIT Nitnde Temp=560 Thickness=0 05 spaces=0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=0 

DIFFUSION Temperature=900 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=5 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=39 T Rate=-5 Nitrogen 

DIFFUSION Temperatur800 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=39 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=900 Thicluiess=0 6 Spaces=.5 

DIFFUSION Temperature=900 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=900 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Ttme=39 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperatur900 Time=20 T Rate=0 Nitrogen 

DIFFUSION Temperatur900 Time=39 WetO2 HCL%=2.0 
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DIFFUSION Temperatur900 Time=10 Nitrogen 

DIFFUSION Temperatur900 Time=33 T.Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=0 

DIFFUSION Temperature=950 Tune=15 Nitrogen 

DIFFUSION Time=15 Temr950 Gas.Conc=3.1595e20 Phosphorus 

DIFFUSION Temperature=900 Time=1 0 Nitrogen 

DIFFUSION Temperature=950 Time=30 T.Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=560 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperatur900 Time=39 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=0 

DIFFUSION Temperature=900 Time=15 Nitrogen 

DIFFUSION Tune=15 Temp=900 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=39 T Rate=-5 Nitrogen 

DIFFUSION Temperature=900 Time=20 T Rate=0 Nitrogen 

DIFFUSION Temperatur900 Time=10 WetO2 HCL%=2 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rat-3 Nitrogen 

DIFFUSION Temperature=560 Time=15 Nitrogen 

DIFFUSION Temperature=900 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperature=800 Time=10 Nitrogen 

DIFFUSION Temperature=800 Time=40 T Rate=5 Nitrogen 

DIFFUSION Temperature=1000 Time=39 Nitrogen 

DIFFUSION Temperature=1000 Time=66 T Rate=-3 Nitrogen 

DIFFUSION Temperature=830 Time=30 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=15 Nitrogen 

DIFFUSION Temperature=900 Time=50 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=39 T Rate=0 Nitrogen 

DIFFUSION Temperature=900 Time=15 Nitrogen 

DIFFUSION Temperature=900 Time=50 T Rate=-3 Nitrogen 



Process Simulation used to Obtain 0.70pm Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 200keV, with 4 Levels of Polysilicon 

I II LE High-Frame-Rate-CCD Process Simualtion 

INITIALIZE <100> Silicon Boron Concentraction=3 0e14 

Thickness=3 0 DX=0.001 XDX=0.001 Spaces=400 

DIFFUSION Temperature=900 Time=39 WetO2 HCL%=2 0 

IMPLANT Arsenic Energy=200 Dose=1 6e12 

DIFFUSION Temperature=1100 Time=99 Nitrogen 

DIFFUSION Temperature=1100 Time=99 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperatur900 Time=20 T.Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=19 WetO2 HCL%=2 0 

DEPOSIT Nitnde Temp=900 Thickness=0 05 spaces=0 

DIFFUSION Temperature=900 Time=i0 Nitrogen 

DIFFUSION Temperature=900 Time=33 T.Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=0 

DIFFUSION Temperature=900 Time=39 T Rate=0 Nitrogen 

DIFFUSION Temperature=900 Time=5 Nitrogen 

DIFFUSION Time=15 Temp=900 Gas Conc=3 1595e20 Phosphorus 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=39 T Rate=-5 Nitrogen 

DIFFUSION Temperature=900 Time=20 T.Rate=0 Nitrogen 

DIFFUSION Temperature=900 Time=39 WetO2 HCL%=2 0 

DIFFUSION Temperature=560 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Paysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=900 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=39 T Rate=-5 Nitrogen 

ETCH Pol).silicon All 

DIFFUSION Temperature=800 Time=20 T Rate=0 Nitrogen 

DIFFUSION Temperature=900 Time=39 WetO2 HCL%=2 0 
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DIFFUSION Temperatur900 Time=10 Nitrogen 

DIFFUSION Temperatur900 Time=33 T.Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=-0 6 Spaces=5 

DIFFUSION Temperatur950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas.Conc=3.1595e20 Phosphorus 

DIFFUSION Temperature=950 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperature=900 Time=20 T.Rate=0 Nitrogen 

DIFFUSION Temperature=900 Time=39 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T.Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0.6 Spaces=0 

DIFFUSION Temperature=900 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=900 Gas.Conc=3 1595e20 Phosphorus 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=39 T Rate=-5 Nitrogen 

DIFFUSION Temperature=900 Time=20 T Rate=0 Nitrogen 

DIFFUSION Temperature=900 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperature=560 Time=1 0 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rat-3 Nitrogen 

DIFFUSION Temperature=900 Time=15 Nitrogen 

DIFFUSION Temperature=900 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=800 Time=40 T Rate=0 Nitrogen 

DIFFUSION Temperature=1000 Time=39 Nitrogen 

DIFFUSION Temperature=1000 Time=66 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Tinie=39 T Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=15 Nitrogen 

DIFFUSION Temperature=900 Time=50 T.Rate=-3 Nitrogen 

DIFFUSION Temperature=900 Time=39 T Rate=0 Nitrogen 

DIFFUSION Temperatur900 Time=15 Nitrogen 

DIFFUSION Temperature=900 Time=50 T.Rate=-3 Nitrogen 



Process Simulation used to Obtain 0.801.im Junction Depth for an Arsenic 

Implant, Dose = 1.6E12 ions/cm2 at 200keV, with 4 Levels of Polysilicon 

TITLE High-Frame-Rate-CCD Process Simualtion 

INITIALI7F <100> Silicon Boron Concentraction=3 0e14 

Thiclmess=3.0 DX=0.001 XDX=0.001 Spaces=400 

DIFFUSION Temperatur900 Time=39 WetO2 HCL%=2.0 

IMPLANT Arsenic Energy=200 Dose=1.6e12 

DIFFUSION Temperatur1100 Tim135 Nitrogen 

DIFFUSION Temperature=1100 Tim99 T Rate=-3 Nitrogen 

ETCH Oxide All 

DIFFUSION Temperature=560 Time=20 T Rate=0 Nitrogen 

DIFFUSION Temperature=900 Time=19 WetO2 HCL%=2.0 

DEPOSIT Nitnde Temp=560 Thickness=0 05 spaces=0 

DIFFUSION Temperature=560 Time=10 Nitrogen 

DIFFUSION Temperatur900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperatur900 Time=39 T.Rate=5 Nitrogen 

DIFFUSION Temperature=900 Time=5 Nitrogen 

DIFFUSION Time=15 Temp=900 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=950 Time=30 T Rat-5 Nitrogen 

DIFFUSION Temperatur560 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperatur900 Time=39 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T Rat-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0 6 Spaces=5 

DIFFUSION Temperature=900 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=900 Gas Conc=3 1585e20 Phosphorus 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=30 T Rate=-5 Nitrogen 

ETCH Polysilicon All 

DIFFUSION Temperatur900 Time=20 T Rate=0 Nitrogen 

DIFFUSION Temperatur900 Time=39 WetO2 HCL%=2 0 
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DIFFUSION Temperatw900 Tim10 Nitrogen 

DIFFUSION Temperature=900 Time=33 T.Rat-3 Nitrogen 

DEPOSIT Polysihcon Temperature=560 Thick ness=0.6 Spaces=5 

DIFFUSION Temperatur-950 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=950 Gas.Con3.1595e20 Phosphorus 

DIFFUSION Temperature--950 Tnne=10 Nitrogen 

DIFFUSION Temperature=950 Time=39 T.Rat-5 Nitrogen 

ETCH Polysihcon All 

DIFFUSION Temperature=900 Time=20 T Rat5 Nitrogen 

DIFFUSION Temperatur900 Time=39 WetO2 HCL%=2 0 

DIFFUSION Temperature=900 Time=10 Nitrogen 

DIFFUSION Temperatur900 Time=33 T Rate=-3 Nitrogen 

DEPOSIT Polysilicon Temperature=560 Thickness=0.6 Spaces=0 

DIFFUSION Temperatur900 Time=15 Nitrogen 

DIFFUSION Time=15 Temp=900 Gas Conc=3 1595e20 Phosphorus 

DIFFUSION Temperatur900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=39 TRate=-5 Nitrogen 

DIFFUSION Temperatur900 Time=20 T Rate=5 Nitrogen 

DIFFUSION Temperatur900 Time=10 WetO2 HCL%=2 0 

DIFFUSION Temperatur900 Time=10 Nitrogen 

DIFFUSION Temperatur900 Time=33 T Rate=-3 Nitrogen 

DIFFUSION Temperature=900 Time=15 Nitrogen 

DIFFUSION Temperatur800 Time=10 Wet02 HCL%=2.0 

DIFFUSION Temperatur900 Time=10 Nitrogen 

DIFFUSION Temperature=900 Time=40 T Rate=0 Nitrogen 

DIFFUSION Temperature=1000 Time=30 Nitrogen 

DIFFUSION Temperatur1000 Time=66 T Rate=-3 Nitrogen 

DIFFUSION Temperature=800 Time=39 T Rate=0 Nitrogen 

DIFI USION Temperatur900 Time=15 Nitrogen 

DIFFUSION Temperatur900 Time=00 T Rat-3 Nitrogen 

DIFFUSION Temperatur900 Time=39 T Rate=5 Nitrogen 

DIFFUSION Temperatur950 Time=15 Nitrogen 



Appendix B 

PISCES I1B Device Simulation Input Decks 



PISCES TIB Input Deck used to Import SUPREM III Output File 

MESH RECTANGULAR NX=60 NY=50 DIAG FLI OUTF=DOSE/D3 9/MESH.3.9 

X.M N=1 LOCATION= 0 0000 RATIO=1.00 

X.M N=60 LOCATION= 5 0000 RATIO=1.00 

Y.M N=1 LOCATION=-0.0995 RATIO=1.00 

Y M N=2 LOCATION=-0.0405 RATIO=1 00 

Y M N=6 LOCATION=-0.0395 RATIO=1.00 

Y M N=7 LOCATION=-0 0010 RATIO=0.50 

Y M N=11 LOCATION= 0 0000 RATIO=0 00 

Y M N=23 LOCATION= 0 3250 RATIO=1 00 

Y M N=37 LOCATION= 0 6000 RATIO=1.00 

Y.M N=42 LOCATION= 1 5000 RATIO=1.00 

Y.M N=50 LOCATION= 9 0000 RATIO=1.25 

REGION NUM=1 IX LOW=1 IX HIGH=60 IY LOW=1 IY HIGH=4 NITRIDE 

REGION NUM=2 IX LOW=1 IX HIGH=60 IY LOW=4 IY HIGH=10 OXIDE 

REGION NUM=3 IX LOW=1 IX HIGH=60 IY LOW=10 IY HIGH=50 SILICON 

ELEC NUM=1 IX LOW=1 IX.1-11G H=60 IY.LOW=1 IY HIG H=1 

ELEC NUM=2 IX LOW=1 IX HIGH=60 1Y LOW=50 IY HIGH=50 

DOPING SUPREM3 X LOW=0 00 X RATIO=0 00 START=0 000 

+ INFILE=DOSE/D3 9/3.9 BORON 

DOPING SUPREM3 X.LOW=0 00 X.RATIO=1 75 START=0 000 

+ INFILE=DOSE/D3 9/3 9 ARSENIC RATIO LATERAL=0 6 

DOPING SUPREM3 X LOW=3 25 X RATIO=0 00 START=0 000 

• INFILE=DOSE/D3 9/3 9 ARSENIC RATIO LATERAL=0 6 

CONTACT NUM=1 N POLY 

SYMB CARRIERS=0 

INTERFACE QF=1 0E10 S N=1 0E4 S P=1 0e4 

MODELS TEMP=300 

SOLVE INIT N BIAS=0 0 P BIAS 0 OUTF=DOSE/D3 9/3 9 OUT 

END 
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PISCES IIB Input Deck used to Depelte the Structure of Free Electrons 

TITLE DEPLETE STRUCTURE 

MESH 1NFILE=DOSE/D3.9/MESH 3.9 

CONTACT NUM=1 N.POLY 

SYMB CARRIERS=0 

METHOD ITLIMIT=60 

INTERFACE QF=1E10 S N=1 0E4 S.P=1 0e4 

MODELS TEMP=300 

LOAD INFILE=d0SE/D3 9/3 9.0UT 

SOLVE V1=0.0 V2=0.0 N.BIAS=1 0 P.BIAS PREVIOUS OUTF=DOSE/D3.9/QF 1 

SOLVE VI=0.0 V2=0 0 N.BIAS=2 0 P.BIAS) PREVIOUS OUTF=DOSE/D3.9/QF 2 

SOLVE V1=0 0 V2=0 0 N BIAS=3.0 P BIAS) PREVIOUS OUTF=DOSE/D3 9/QF 3 

SOLVE V1=0 0 V2=0 0 N.BIAS=4 0 P BIAS PREVIOUS OUTF=DOSE/D3 9/QF 4 

SOLVE VI =0 0 V2=0 0 N BIAS=0 0 P BIAS=0 PREVIOUS OUTF=DOSE/D3 9/QF 5 

SOLVE V1=0 0 V2=0 0 N BIAS=6 0 P BIA.S0 PREVIOUS OUTF=DOSE/D3 9/QF 6 

SOLVE V1=0 0 V2=0 0 N BIAS=7.0 P BIAS PREVIOUS OUTF=DOSE/D3 9/QF 7 

SOLVE V1=0 0 V2=0 0 N BIAS=9 0 P.BIAS=0 PREVIOUS OUTF=DOSE/D3 9/QF 9 

SOLVE V1=0 0 V2=0 0 N BIAS=9 0 P BIAS I) PREVIOUS OUTF=DOSE/D3 9/QF.9 

SOLVE V1=0 0 V2=0 0 N BIAS=10 0 P BIAS=0 PREVIOUS OUTP=DOSE/D3 9/QF 10 

END 
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PISCES IIB Input Deck used to Determine the Pinning Voltage 

TITLE FIND PINNING VOLTAGE 

MESH INFILE=DOSE/D3 9/MESH.3.9 

CONTACT NUM=1 N.POLY 

SYMB CARRIERS=0 

METHOD ITLIMIT=100 

INTERFACE QF=1.0E10 S. N=1 0E4 S .P=1.0E4 

MODELS TEMP=300 

LOAD INFILE=DOSE/D3.9/QF 10 

SOLVE V1=-1.0 V2=0 00 N.BIAS=10.0 P.BIAS=0.0 PREVIOUS OUTF=DOSE/D3.9/PIN 1 

SOLVE V1=-2 0 V2=0 00 N.BIAS=10.0 P.BIAS.0 PREVIOUS OUTF=DOSE/D3 9/PIN 2 

SOLVE V1=-3 0 V2=0 00 N BIAS=10 0 P BIAS =0 0 PREVIOUS OU 1'14=DOSE/D3.9/PIN 3 

SOLVE V1=-4 0 V2=0.00 N BIAS=10.0 P BIAS =0 0 PREVIOUS OUTF=DOSE/D3 9/PIN 4 

SOLVE V1=-5 0 V2=0 00 N BIAS=10 0 P BIAS) 0 PREVIOUS OUTF=DOSE/D3 9/PIN 5 

SOLVE V1=-6 0 V2=0 00 N.BIAS=10 0 P BIAS=0 0 PREVIOUS OUTF=DOSE/D3.9/PIN 6 

SOLVE V1=-7 0 V2=0 00 N BIAS=10 0 P BIAS 0 PREVIOUS OUTF=DOSE/D3 9/PIN 7 

SOLVE V1=-9 0 V2=0 00 N.BIAS=10.0 P BIAS) 0 PREVIOUS OUTF=DOSE/D3 9/PIN 9 

SOLVE V1=-9 0 V2=0 00 N BIAS=10 0 P BIAS 0 PREVIOUS OUTF=DOSE/D3 9/PIN 9 

SOLVE V1=-10 0 V2=0 00 N.BIAS=10 0 P BIAS=0 0 PREVIOUS OUTF=DOSE/D3.9/PIN 10 

END 
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PISCES IIB Input Deck used to Extract Integrated Electron Concentrations, 
Solutions and Electric Field Quantities 

111LE EXTRACT 

MESH INFILE=DOSE/D3.9/MESH.3 9 

CONTACT NUM=1 N.POLY 

INTERFACE QF=1 0E10 S N=1.0E4 S.P=1.0E4 

MODELS TEMP=300 

LOAD INFILE=DOSE/D3 9/PIN 5.2 

LOAD INFILE=DOSE/D3 9/QF 3 

LOAD INFILE=DOSE/D3 9/QF.9 

EXTRACT ELEC1RONS X MIN=0 25 X.MAX=4 75 Y MIN-=0.00 Y MAX=9 0 

PRINT QUE X.MIN=0 25 X MAX=4.75 Y.MIN=0 000 Y.MAX3 000 

PRINT POINTS X MIN=4 74 X MAX=4 75 Y MIN=O 00 Y.MAX=9.00 

PRINT SOLUTION X MIN=4 74 X MAX=4 75 Y MIN=0 00 Y MAX=9 00 

END 
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PISCES IIB Input Deck used to Plot Various Quantities 

I I ILE PLOT QUANTITIES 

OPT PLOTDEV=SAVE 

MESH INFILE=DOSE/D3 9/MESH.3.9 

CONTACT NUM=1 N.POLY 

INTERFACE QF=1E10 S.N=1.0E4 S.P=1.0e4 

MODELS TEMP=300 

LOAD INFILE=DOSE/D3.9/3.9.0UT 

LOAD INFILE=DOSE/D3.9/QF 5 

LOAD INFILE=DOSE/D3 9/QF 2 

PLOT. ID ABS LOG DOPING X.S=4 75 X.E=4.75 Y S=0 00 Y.E=6.00 PAUSE 

PLOT 1D ABS LOG DOPING X S=0 00 X E=4 75 Y.S=0.00 Y.E=0 00 PAUSE 

PLOT.2D JUNCTION DEPL.EDGE L DEPLE=3 X MIN=0.00 X MAX=4.75 Y MIN=-0 0995 

PLOT 2D GRID X MIN=0 00 X MAX=4 75 Y MIN=0 00 

+ NO FILL L JUNCT=2 BOUNDARY 

CONTOUR POTEN NC=20 

LOAD INFILE=DOSE/D3.9/QF.9 

PLOT ID POTEN X.S=4.75 X E=4 75 Y S=0 00 Y E=6 00 

LOAD INFILE=DOSE/D3 9/QF I 9 

PLOT.1D POTEN X.S=4 75 X E=4.75 Y.S=0 00 Y.E=6 00 UNCH 

LOAD INFILE=DOSE/D3 9/PIN.5 2 

PLOT 1D POTEN X S=4 75 X E=4 75 Y S=0.00 Y E=6 00 UNCH PAUSE 

LOAD INFILE=DOSE/D3 9/QF 9 

PLOT 11) POTEN MIN=-0 5 MAX=5 0 X S=0 25 X E=4 75 Y S=0 00 Y E=0 00 

LOAD INFILE=DOSE/D3 9/QF 1 9 

PLOT 1D POTEN X S=0 25 X E=4 75 Y S=0 00 Y E=0 00 INCH 

LOAD INFILE=DOSE/D3 9/PIN 5 2 

PLOT 1D PO FEN X S=0 25 X E=4 75 Y S=0 00 Y E=0 00 UNCH 

END 
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Appendix C 

SUPREM III Doping Profiles 
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SUPREM III Doping Profile for a Junction Depth of 0.40tim using a 

100keV Arsenic Implant. Dose=1.3E12 ions/cm2 

SUPREM HI Doping Profile for a Junction Depth of 0.501.1m using a 

100keV Arsenic Implant, Dose=1.3E12 ions/cm2 
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SUPREM III Doping Profile for a Junction Depth of 0.60µm using a 

100keV Arsenic Implant, Dose=1.3E12 ions/cm2 

SUPREM 111 Doping Profile for a Junction Depth of 0.70i.tm  using a 

100keV Arsenic Implant, Dose=1.3E12 ions/cm2 
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SUPREM III Doping Profile for a Junction Depth of 0.80µm using a 

100keV Arsenic Implant, Dose=1.3E12 ions/cm2 
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SUPREM III Doping Profile for a Junction Depth of 0.40pm using a 

100keV Arsenic Implant, Dose=1.6E12 ions/cm2 

SUPREM III Doping Profile for a Junction Depth of 0.50m using a 

100keV Arsenic Implant, Dose-1.6E12 ions/cm2 
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SUPREM III Doping Profile for a Junction Depth of 0.554m using a 

100keV Arsenic Implant. Dose=1.6E12 ions/cm2 

SUPREM III Doping Profile for a Junction Depth of 0.60pm using a 

100keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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SUPREM III Doping Profile for a Junction Depth of 0.70µm using a 

100keV Arsenic Implant, Dose=1.6E12 ions/cm2 

SUPREM HI Doping Profile for a Junction Depth of 0.80Rm using a 

100keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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SUPREM III Doping Profile for a Junction Depth of 0.40µm using a 

150keV Arsenic Implant, Dose=1.6E12 ions/cm2 

SUPREM HI Doping Profile for a Junction Depth of 0.501.1m using a 

150keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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SUPREM III Doping Profile for a Junction Depth of 0.551.1m using a 

150keV Arsenic Implant, Dose=1.6E12 ions/cm2 

SUPREM HI Doping Profile for a Junction Depth of 0.601.tm using a 

150keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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SUPREM III Doping Profile for a Junction Depth of 0.701im using a 

150keV Arsenic Implant, Dose=1.6E12 ions/cm2 

SUPREM HI Doping Profile for a Junction Depth of 0.80pm using a 

150keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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SUPREM III Doping Profile for a Junction Depth of 0.40p,m using a 

175keV Arsenic Implant, Dose=1.6E12 ions/cm2 

SUPREM III Doping Profile for a Junction Depth of 0.501im using a 

175keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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SUPREM III Doping Profile for a Junction Depth of 0.55µm using a 

175keV Arsenic Implant, Dose=1.6E12 ions/cm2 

SUPREM HI Doping Profile for a Junction Depth of 0.601im using a 

175keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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SUPREM III Doping Profile for a Junction Depth of 0.70µm using a 

175keV Arsenic Implant, Dose=1.6E12 ions/cm2 

SUPREM HI Doping Profile for a Junction Depth of 0.801.tm using a 

175keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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SUPREM III Doping Profile for a Junction Depth of 0.40p.m using a 

200keV Arsenic Implant, Dose=1.6E12 ions/cm2 

SUPREM HI Doping Profile for a Junction Depth of 0.501.im using a 

200keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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SUPREM III Doping Profile for a Junction Depth of 0.5511m using a 

200keV Arsenic Implant, Dose=1.6E12 ions/cm2 

SUPREM III Doping Profile for a Junction Depth of 0.60p.m using a 

200keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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SUPREM HI Doping Profile for a Junction Depth of 0.701.1m using a 

200keV Arsenic Implant, Dose=1.6E12 ions/cm2 

SUPREM III Doping Profile for a Junction Depth of 0.801.1m using a 

200keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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Appendix D 

PISCES IIB Potential and Electric Field Profiles 



PISCES HB Potential Profile for a Junction Depth of 0.40pm using a 

100keV Arsenic Implant, Dose=1.3E12 ions/cm2 

PISCES HB Surface Potential Cross-Section for a Junction Depth of 0.40pm using 
1 

a 100keV Arsenic Implant, Dose=1.3E12 ions/cm' 
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PISCES IIB Potential Profile for a Junction Depth of 0.50µm using a 

100keV Arsenic Implant, Dose=1.3E12 ions/cm2 

PISCES HB Surface Potential Cross-Section for a Junction Depth of 0.50µm using 

a 100keV Arsenic Implant, Dose=1.3E12 ions/cm2 
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PISCES ID Potential Profile for a Junction Depth of 0.60pm using a 

100keV Arsenic Implant, Dose=1.3E12 ions/cm2 

PISCES IIB Surface Potential Cross-Section for a Junction Depth of 0.644tm using 

a 100keV Arsenic Implant, Dose=1.3E12 ions/cm2 
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PISCES IIB Potential Profile for a Junction Depth of 0.7011m using a 

100keV Arsenic Implant, Dose=1.3E12 ions/cm2 

PISCES IIB Surface Potential Cross-Section for a Junction Depth of 0.70iim using 

a 100keV Arsenic Implant, Dose=1.3E12 ions/cm2 
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PISCES IIB Potential Profile for a Junction Depth of 0.801.1m using a 

100keV Arsenic Implant, Dose=1.3E12 ions/cm2 

PISCES TIB Surface Potential Cross-Section for a Junction Depth of 0.801.1m using 

a 100keV Arsenic Implant, Dose=1.3E12 ions/cm2 



PISCES IIB Potential Profile for a Junction Depth of 0.40[1m using a 

100keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Surface Potential Cross-Section for a Junction Depth of 0.40pin using 

a 100keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES IIB Potential Profile for a Junction Depth of 0.501.tm using a 

100keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Surface Potential Cross-Section for a Junction Depth of 0.501im using 

a 100keV Arsenic Implant, Dose=1.6E12 ions/cm2 

142 



PISCES HB Potential Profile for a Junction Depth of 0.55pm using a 

100keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Surface Potential Cross-Section for a Junction Depth of 0.55µm using 

a 100keV Arsenic Implant, Dose=1.6E12 ions/cm
2 
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PISCES HB Potential Profile for a Junction Depth of 0.601.1m using a 

100keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Surface Potential Cross-Section for a Junction Depth of 0.60).im using 

a 100keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES IIB Potential Profile for a Junction Depth of 0.70Rm using a 

100keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES 11B Surface Potential Cross-Section for a Junction Depth of 0.74im using 

a 100keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES LIB Potential Profile for a Junction Depth of 0.80µm using a 

100keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES HB Surface Potential Cross-Section for a Junction Depth of 0.80µm using 

a 100keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES IIB Potential Profile for a Junction Depth of 0.401.im using a 

150keV Arsenic lmnlant. Dose=1.6E12 ions/cm2 

PISCES IIB Surface Potential Cross-Section for a Junction Depth of 0.44im using 

a 150keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES IIB Potential Profile for a Junction Depth of 0.50µm using a 

150keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Surface Potential Cross-Section for a Junction Depth of 0.50µm using 

a 150keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES IIB Potential Profile for a Junction Depth of 0.551.tm using a 

150keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Surface Potential Cross-Section for a Junction Depth of 0.541m using 

a 150keV Arsenic Implant, Dose=1.6E12 ions/cm
2 
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PISCES IIB Potential Profile for a Junction Depth of 0.60µm using a 

150keV Arsenic Implant. Dose=1.6E12 ions/cm2 

PISCES IIB Surface Potential Cross-Section for a Junction Depth of 0.60pm using 

a 150keV Arsenic Implant. Dose=1.6E12 ions/cm2 
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PISCES IIB Potential Profile for a Junction Depth of 0.70µm using a 

150keV Arsenic Implant. Dose=1.6E12 ions/cm2 

PISCES 11B Surface Potential Cross-Section for a Junction Depth of 0.70)..tm using 

a 150keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES IIB Potential Profile for a Junction Depth of 0.801.im using a 

150keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Surface Potential Cross-Section for a Junction Depth of 0.801.1m using 

a 150keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES IIB Potential Profile for a Junction Depth of 0.40pm using a 

175keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES 11B Surface Potential Cross-Section for a Junction Depth of 0.40pm using 

a 175keV Arsenic Implant, Dose=l.6E12 ions/cm2 
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PISCES 1IB Potential Profile for a Junction Depth of 0.50gm using a 

175keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Surface Potential Cross-Section for a Junction Depth of 0.50µm using 

a 175keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES IIB Potential Profile for a Junction Depth of 0.55p.m using a 

175keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Surface Potential Cross-Section for a Junction Depth of 0.55pm using 

a 175keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES UB Potential Profile for a Junction Depth of 0.6011m using a 

175keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES HB Surface Potential Cross-Section for a Junction Depth of 0.604m using 

a 175keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES IIB Potential Profile for a Junction Depth of 0.7011m using a 

175keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Surface Potential Cross-Section for a Junction Depth of 0.70m using 

a 175keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES 11B Potential Profile for a Junction Depth of 0.80µm using a 

175keV Arsenic Imvlat,t. Dose=1.6E12 lons/cm2 

PISCES IIB Surface Potential Cross-Section for a Junction Depth of 0.80µm using 

a 175keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES IIB Potential Profile for a Junction Depth of 0.40µm using a 

200keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Surface Potential Cross-Section for a Junction Depth of 0.401.1m using 

a 200keV Arsenic Implant, Dose=1.6E12 ions/cm
2 
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PISCES IIB Potential Profile for a Junction Depth of 0.501.im using a 

200keV Arsenic Implant. Dose=1.6E12 ions/cm2 

PISCES IIB Surface Potential Cross-Section for a Junction Depth of 0.50[im using 

a 200keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES LIB Potential Profile for a Junction Depth of 0.55µm using a 

200keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES UB Surface Potential Cross-Section for a Junction Depth of 0.551im using 

a 200keV Arsenic Implant, Dose=1.6E12 ions/cm
2 
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PISCES BB Potential Profile for a Junction Depth of 0.60µm using a 

200keV Arsenic Implant. Dose=1.6E12 ions/cm2 

PISCES HB Surface Potential Cross-Section for a Junction Depth of 0.60pm using 

a 200keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES IIB Potential Profile for a Junction Depth of 0.70j.im using a 

200keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Surface Potential Cross-Section for a Junction Depth of 0.701im using 

a 200keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES IIB Potential Profile for a Junction Depth of 0.80m using a 

200keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Surface Potential Cross-Section for a Junction Depth of 0.8011m using 

a 200keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES IIB Electric Field Profile for a Junction Depth of 0.40m using a 

100keV Arsenic Implant, Dose=1.3E12 ions/cm2 

PISCES IIB Electric Field Profile for a Junction Depth of 0.50p.m using a 

100keV Arsenic Implant, Dose=1.3E12 ions/cm2 
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PISCES IIB Electric Field Profile for a Junction Depth of 0.60µm using a 

100keV Arsenic Implant, Dose=1.3E12 ions/cm2 

PISCES IIB Electric Field Profile for a Junction Depth of 0.70pm using a 

100keV Arsenic Implant, Dose=1.3E12 ions/cm2 
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PISCES IIB Electric Field Profile for a Junction Depth of 0.801.1m using a 

100keV Arsenic Implant, Dose=1.3E12 ions/cm2 
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PISCES JIB Electric Field Profile for a Junction Depth of 0.404m using a 

100keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Electric Field Profile for a Junction Depth of 0.54im using a 

100keV Arsenic Implant. Dose=1.6E12 ions/cm2 
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PISCES IIB Electric Field Profile for a Junction Depth of 0.551.im using a 

100keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Electric Field Profile for a Junction Depth of 0.60pm using a 

100keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES HB Electric Field Profile for a Junction Depth of 0.70µm using a 

100keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Electric Field Profile for a Junction Depth of 0.80i.tm  using a 

100keV Arsenic Implant. Dose=1.6E12 ions/cm- 
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ItI3CES rIli Electric Field Profile for a Junction Depth of 0.40 :m using a 

ISOkeV Arsenic Implant, Dose=l.6E12 ionsicm2 

PISCES 11B Electric Field Profile for a Jurwti911 Depth of 0.50pm using a 
q 

150keV Arsenic Implant, Dosf =1.6E12 iunsicm- 
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PISCES IIB Electric Field Profile for a Junction Depth of 0.551.tm using a 

150keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Electric Field Profile for a Junction Depth of 0.601im using a 

150keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES IIB Electric Field Profile for a Junction Depth of 0.70µm using a 

150keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Electric Field Profile for a Junction Depth of 0.80µm using a 

150keV Arsenic Implant. Dose=1.6E12 ions/cm2 
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PISCES IIB Electric Field Profile for a Junction Depth of 0.401.tm using a 

175keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Electric Field Profile for a Junction Depth of 0.501.tm using a 

175keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES IIB Electric Field Profile for a Junction Depth of 0.551.im using a 

175keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES I-1B Electric Field Profile for a Junction Depth of 0.60µm using a 

175keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES IIB Electric Field Profile for a Junction Depth of 0.70pm using a 

175keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Electric Field Profile for a Junction Depth of 0.801..tm using a 

175keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES IIB Electric Field Profile for a Junction Depth of 0.401.im using a 

200keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Electric Field Profile for a Junction Depth of 0.50pm using a 

200keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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PISCES IIB Electric Field Profile for a Junction Depth of 0.55µm using a 

200keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Electric Field Profile for a Junction Depth of 0.60µm using a 

200keV Arsenic Implant. Dose=1.6E12 ions/cm2 
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PISCES IIB Electric Field Profile for a Junction Depth of 0.701.1m using a 

200keV Arsenic Implant, Dose=1.6E12 ions/cm2 

PISCES IIB Electric Field Profile for a Junction Depth of 0.801im using a 

200keV Arsenic Implant, Dose=1.6E12 ions/cm2 
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