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DEAR STUDENT:

REPRODUCTION OF COPYRIGHTED MATERIAL, WITHOUT PERMISSION OF THE COPYRIGHT
' OWNER, PARTICULARLY IN AN EDUCATIONAL SETTING, IS AN ISSUE OF CONCERN FOR THE
ACADEMIC COMMUNITY. UNFORTUNATELY, THE IMPRGPRIETY OF MUCH UNAUTHORIZED
COPYING IS ALL TO OFTEN OVERLOOKED BY USERS IN AN EDUCATIONAL SETTING.

ALTHOUGH COPYING ALL OR PART OF A WORK WITHOUT OBTAINING PERMISSION MAY AFPEAR
TO BE AN EASY AND CONVENIENT SOLUTION TO AN IMMEDIATE PROBLEM, SUCH
UNAUTHORIZED COPYING CAN FREQUENTLY VIOLATE THE RIGHTS OF THE AUTHOR OR
PUBLISHER OF THE COPYRIGHTED WORK, AND BE RIRECTLY CONTRARY TO THE ACADEMIC
MISSION TQO TEACH RESPECT FOR lDEAS AN FOR THE INTELLECTUAL PROPERTY THAT

EXPRESSES THOSE IDEAS.

WITH THAT IN MIND, GEORGIA TECH HAS SOUGHT PERMISSICN AND PAID ROYALTIES WHERE
APPLICABLE FOR ALL MATERIALS ENCLOSED, THE PRICE OF YOUR CLASS NOTES REFLECTS

-THOSE NECESSARY COSTS. |

Note:. This materinl comes from Questions and Answers on Copyright for the Campus

Community, Copyright 1991 National Association of College Stores, Inc. and the
Association of American Publishers,



‘GEORGTA INSTITUTE OF TECHNOLOGY
Schools of Electrical acd Computer Enginecting / Chemical Enginecring

COURSE TITLE: “WMicroelectronies Processing Laboratory”

INSTRUCTORS: Professor Paal A. Kohl (Chemical Engiaeering)
Professor Aject Rohatgi (Electrical & Computer Enginecring)
Mrs. Laureen Rose (Laboratary Instructor)

REQUIRED TEXT: Vol. ¥ Introduction to Micreelectronic Fabrication Second Edition
Richard C. Jaeger, 2002, 1998 by Prentice Halt
Modular Series on Solid State Devices '

COURSES POLICTES:

1. In the laboratory, SAFETY is of utmost concern. Although sll lab procedures are safe if
Done properly, improper procedures can result in severe injuries. Disregard for safety
~ Procedures will be grounds for expuision from the course with a grade of “D”.

i There will be a short homeworlk assignment handed ou{ sach week to be completed by the
following Jecture. Also, lahoratory notebooks may be inspected prior to each session to
insure that the session’s instructions have heen recorded.

3 For the laboratory, you will be divided into groups of iwo or three. The lab report will be a
- Group effort (i.e. — only one report is due from eack group). ALL other requirements for
the course will be INDIVIDUAL efforis.
4, Since we are on a rigid schedule, and because unsupervised independent work in the

iaboratory cannot be allowed due to safety reasons, it is extremely imporiant that students
attend EVERY lab session. If you or your pariner cannot attend a session, please notify
your instructor ASAP, In these cases, the laboratory instructor can be “hired” to process
your wafer at.a “cost” of a 10% reduction in your non-exam points for the coarse per
occurrence, éxeept as described below. '

5, There may be scheduled “cafch-up” sessions in the proposed lab schedule throughout the
semester. 1o these cases, if you can convince the laboratory instructor to open the lab, you
can make up work without the above penalty if YOU do the processing.

GRADING:

There will be one midterm exam and one final exam. The remainder of the grade will be determined
from the homework, laboratory notebook and the laboratory report.

Midterm Exam =20% - Laboratory Notebook = 20%
Final Exam =20% Laboratery Repert  =30%

Homework =10%



The notebook and report are d'esc:_'ibed in more detail elsewhere,

LECTURES AND LABS:

Lectares will be held on Thursday murning (%:30 - 11:00 Room 102A). Labs will be held Monday

 through Friday, Occasionally, lab time may be used for lecture if necessary. Some lab sessions may
not take the entire three hours, but others may fake every available minute. Therefore, all lab -
sessions will begin PROMPLTLY,

EXAM DATES:

The midterm and final exams will both be of the same weight and length { 1. 5 hoours ). The midtertn
will be closed book and notes, but the final will be open book and notes,

OFFICE HOURS:
Dr. Kohl: Microelectronies Research Center (Pettit Hldg.) Room 119
Fhone: 894-2393

e-mail: mui.ﬁg_h}@gb&.gat&ch._edu

Dr. May: Mmroelectrumcs Researeh Center (Pettlt Bldg.) Room 117
S : Phone: 894-9420 (home. 696-7444 EMEBQENCY ONLY}
e-mail: gary,may@ee.gatech.edu

" Dr. Allen: Microelectronics Research Center (Pettit Bldg.) Room 120
Phone: 8949419
e-mail: mark,allen(@ee.gatech.edy

Dr. Bidstrup: _ Microelectranics Research Center (Pettit Bldg.) Room 115
Phone: 884-2872

e-maik: sue bidstryp@che gatech.edu

Dr. Rohatgi: .- Microelectronics Research Center (Van Leer) Room 121
- Phone: 894-7692° _ :
e-mail: ajeet.rohatgi @ee gatech edy

Mrs. Rose: Microetectronics Research Center (Pettlt Bldg.) Room 114
Phone: 394-5031
e-mail: lanreen rosef@mire gatech.cdu



EE / ChE 4752 Microelectronics Processing Laboratory

Laboratory Instructor: M. Lanreen Rose
ngjg_igl@bg;gj,gm MRCfPetﬁtBlngoomli{l

Note: The Pettit Buﬂdmg is the Microelectronics Research Cemer Wh:lCl'l is adjacent to the Van Leer

Building ( 791 Atlantic Drive ).

Class Rules and Regnilations:

10

2,

In the lzcture sessions, pleass note: there is o eating, drinking, or smoking,

In the laboratory sessions, please note: *SAFETY™ is of the utmost concern in this class,
Although all procedures in this laboratory are sale if done properly, improper procedures can
result in severe injuries. Therefore, repeated or intsntional disregard for the safety procedures of
this course will be grounds for expulsion frod the course znd a grade of "D”, egandless of past
performance i in the course.

If anyone in this course is graduating this quarter, you are exempt from the final examination,
Howevet, you must still hand in a laboratory notebook and a laboratory report.

There is no formal homework required for this course. However, your laboratory notebooks snay

_ hemspecledpnaﬂueachlaboralmysesmontoma}mmmatymhawmdadﬂmtsesmns '

instructions in your nolebuok

Fot this laboratory course, you may be divided up into groups of two. If so, the Jaboratory report
will be a group effort (i.e., I expect to receive one Jaboratary report from gach group ). ALL
other requirements for the course are to be INDIVIDUAL efforts. If you have any questions
regarding when your fellow students can help you and when they can't, please see your instractor.



GEORGIA INSTITUTE OF TECHNOLOGY
© Micraelectronics Research Center
Microelectronics Processing Laboratory

LABORATORY NOTEBCOK
This ha.m'lout outlines whal is expecled in your labonlory o tcbook and laboratnry Teport.

Your Iabomtog notebook should contain everything that you have done in the Iaboratmy,
including results of tests and device perfonnance. Since everyone has been bringing their laboratory
notebook to every lab, your notebook should have in it ( among other things ) condsnsed versions of the
procedures used, any observations, anomalous or otherwise, you observed during the processing,
intermediate characterizations such as oxide thickness’, sheet resistivities, and calculated junction depths,

and the results of testing your transistors and resistars.

The following criteria ( in order of importance ) will be used in grading your laboraiory notebook;

(1) COMPLETENESS - is everything there?

(2) AUTHENTICITY — did you actually record things ‘as they happened® { good ar d.u:l ¥ou
copy things in later ( not as good }? Are pages of your notebook dated? Your
observations can be recorded on the sheets that have comments / notes. If you used

these instead of your notebook, are these dated and taped ( or stapled ) into your .

notebook?
{3) NEATHNESS — The notebook is a handwritten item, so I don’f expect it 1o be 45 neatas
your report. However, Ido expect to be able to read and follow it without 100 much

effort dec:phcnng cither lmndwnung or logic,

Each mdrmiua] smdcnt should hand in a Iabural:ory nmebook The lal:n:u'altn:u'jr notcbnok is 20% of; ]rour -
grade.

LABORATORY REFPORT

Your jaboratory report should be a condensed version of the laboratory experiments, with some additicnal
explanations, observations and calcunlations. The report will be divided into sections (called “sections”
below) which will generally correspond to specific processing step in the fabrication of the CMOS FETs, in
the order you performed them (e.g. characterization, field oxidation, etc.).

Each section should contain:

A. Summary of the theory or concept behind the processing step. If the processing step is
n.-.pcated more than once (¢.g. oxidation), the theory or summary need only appear once,
: m the fi rst sectmn This shauld take.less than cne to two typed pages

B. Resulis the results of the laborator}' shcruld be presentcd ina Ioglcal easily read ﬁarm
c. Comment on Sections A, and B above. Compare what actally happened te 1;=-;;1‘1'at was

supposed to happen. For example, in an oxidation step you could compare the actugl
oxide thickness to the calculatad one.

D. Specific caleulations or questions wilf be requfréd for each section. They will be
distributed in lecture.

The individual sections uf the report will be handed in soon after that processing step is performed. You
will be asked 1o answer specific questions for each section. The individual sections will be graded and



retumed to you for the final report, you should combine scctions 1 6. Correcting errors in previous
sections prior to final submission will improve your overall grade.

Remember, the laboratary report must be TYPED. If there are complex equations which you wish to
include, and cannot easily render them on your typewriter or word processor, i is OK to write them in
NEATLY by hand. o
SECﬁONS:

1. Characterization and Field Oxidation

2,  Photolithography

3 Boron Diffusion

4, Gate Oxidation and drive-in ( calculations and discussion only )

5. Metallization

6, Device Characterization / Final Report

GRADING:

Your grade will depend on a midiesm exam { 20% ), a final exam (20%). Yaur laboratory notebook will
- be {20% ) and your Iaboratory report { 30% ). ‘The remainder of the grade will be determined from the
. homework ( 10% ), which is more detailed in accompanying handouts. -

EXAMS:

The exam will be designed to be completed in an hour, and you will have the full class time to work on it
"The final exam will be the same weight and length. The format of the midterm exam and final exam will
be apen book and notes. Partial credit will be given on all exams. Please note that academic honesty is of
paramount importance 1o insure that the class and grading is fair to all studeals. Academic dishonesty wiil
not be tolerated, If you have any questions regarding wha is and is not allowed, please sec your instractor

prior to the exam,

There will be no make-up exams for this course. A grade of zero will be given for any missed exam for
which there havs been no arrangements made beforehand, unless you have wiitten medical excuse,



GEORGIA INSTITUTE OF TECHNOLOGY
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AR Ry UTS:

The following set of handouts contains material which will be needed for the laboratory sessions.

They inchude:
' A, Laboratory Safety and Clean Room Procedures.
B. Laboratory Sessions and Description.
C. Equipment Operating Procedures.
The Laboratory Safety and Clean Room Procedureg handouts should be read prior to first entering the lab,

and referred to throughout the quarter. Familiarity with the material included will be expected at 21l times
when you are in the lab. Safety and cleanliness are of the utmost imponiarce.

The processing sequence has been divided into several Laboratory Sessions. The handouts for each session
will serve as a detailed description of the procedures for each day in lab. The procedures you will follow in
your Laboratory Session should be recorded in your laboratory notebagk prior to the beginning of the Iab

session.

‘Your Laboratory Notebook should be a bound volume of pages, which are numbered in ascending order
and cannot be detached from the notebook. Record in this aotebook al laboratory procedures as well ag
any and alf cbservations, measurements, and results which you obiain. Neatness, fogical order, but above
all, completeness is of the utmost concern. I you make 2 mistake in your notebook, DQNOT erase it, but
cross it out lightly so that it can still be read In addition to your notebook, a typed Laboratoty Report will

- be collected at the end of the course,

Bring 0 each Iab period:
. All past Sessions — as they will be referred to
The present Session -
The next Session — in the unlikely event that we get slightly ahead

Before each Iaboratory period read the Lab Seésion notes to be used that day, and recard them into your
Laboratory Noteboak.

Finally, there are a number of Equipment Procedures written for specific pieces of equipment to be used in
the course, These Procedures will be referenced in the Laboratary Session whenever they are applicable.
Be sure 1o bave read all Procedures for any given day’s Laboratory Session in preparation for the Iab

period.



GEORGIA INSTITUTE OF TECHNOLOGY
- Microelectronics Research Center
Microelectronics Processing Laboratory

LABORATORY SAFETY:

The chemicals and equipment used in this Isboratory are not toy. They are of research level and quality,
and must be used with intelligence and respect. Instruction sheets for the operation of major pieces of
equipment have been provided. Refer to these handouts as necessary when using the equipment, Any
machines that are not used by the course should not be handled by unqualified nsers.

Chemical safety is also very important. The majority of this handout is dedicated to chemical conerns.
Depending on your background, these notes will gither be a reminder of past concerns, or rew material
which you may have never seen before. In either case, read them carefully, such that you fully understand
them. If you have any questions, please ask your instructor.

The lab facility is small for the number of users, Therefore, it is imporiant to respect other’s workspace in
the lab. As there will be up to six ot more studenis in each lab group, the class must be especially :
concerned. The course shares the 1ab space with advanced undergraduate and graduate student researchers.
Remember that your actions in the lab could affect someone else’s work, 5o it is important to follow
instructions, both writter and oral. _

Safety as well as cleanliness requires the use of pmlecuve clothing. These should be warm af all timpes
while in the laboratory;

Lab Coat
Bouffant Cap
Shoe Covering ( boaties )

Safety glasses ~- Prescription eyeglasses are acceptable. Wearing of contact
lenses is discouraged. Contact lenses greatly increase the likelihood of pérmanent ¢ye damage
should a chemical splash contact the eye, as the chemical can becoms trapped beiwesn the lens
and the eye. If you do wear contact lenses, be sure to notify your instructor, so that proper care
can be given if necessary, _

A supplemental handout describes the safety guidelines in the “search™clean room downstaiss. Be sure
that you review that docnument as well as these handouts, as many of the safety guidelines and concemns are
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Microelectronics Research Center
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SAFETY GUIDELINES: .
. NOOPEN-TOE SANDALS, BARE FEET, or SHORTS allowed In e lab,

2. All work with acids and solvents mustbe done undcrmcxlwusthood This includes
opening of bottles,

3. Never pour excess chemicals back into the original boftle. Discard any excess acid into
the sinks with the tap running, and discard organic solvents into the solvent waste boltle
under the fume hood.

4, Persons handling chemicats should wash hands after use,

. Food or beverages are not allowed inside the laboratory.

6. Never use laboratory glassware as drinking glasses.

7. Clean up your wﬁrk area during and after use, DO NOT leave hazards for 6tlmrs.

8. Malerial Safety Data Sheets are available .m the Jab for all chemicals used. The instructor
will be familiar with these, in case of accidental contact You should be familiar with

safety procedum' in case of a spﬂ] ofa parhcular chemical.
9. - Familiarize yourself with the location of chemical showers and eye washes.

10.  Emergency procedures are posted near the telcphone in the lab. To reach CAMPUIS
POLICE DIAL 4-2500,

1. Report ALL safety violations and hazards to your instructor.



. ACID HANDLING:;

1.

GEORGIA INSTITUTE OF TECHNOLOGY
Microelectronics Research Center
Microelectronics Processing Laboratory

In case of accidental contact with a.n)" acid, flush immedia medi tely with copious quantities of
running water, All burns must be repart to your Instructior Immediately.

When mixing solutions containing acids, always pour acid into water, NEVER the
reverse, Begin pouring acids slowly. Excessively violent reactions may occur if mixed
incorrectly. This is especially true when mixing Sulfuric Acid ( H2504 ).

Afler mixing acid solutions, allow solutions to cool thoroughly before capping. Heatis
generated after mixing which can cause pressure in a capped bottle.

After use, alﬁays_ cap acid bottles tightly.

All chemicals poured into a sink will mix in the piping --- please mn lots of water
between chemicals, and always before and after dumping any chemical into the sink.

Keep in mind that while other chemical fumes are strong Irmitants or corrosive,
hydrofluoric acid { including buffered oxide etch, BOE } is lethal if inhaled.

ANGER _— HYDROFLUORIC ACID ( HF

Hydrofluoric acid does not produce overt tissue burns like most acids. However, HF
does diffuse through tissue and will dissolve bone. Whereas other acids, bases, and
solvents are strong itritants, cumulative poisons, or carcinogenic, HF fumes can be fafal,

For these reasons, particular caution should be exercised when handling HF.

Immediately report any possible contact to yuur' instructor.
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SOLVENT HANDLING:

1.

Organic solvents, such as acetone and trichloroethylene, will react with acids or other strong

oxidizing materials such as hydrogen peroxide. DO NOT MIX THEM. A mixtare of nitric
acid and acetone, for example, is highly explosive. '

Solvents should be poured into the waste solvent bottls located in the fume hood.

Most solvents present some degree of toxic hazards when their fumes are inhaled over a
prolonged pericd, Always work with solvents in an exhausted hood.

Avoid getting solvents onto the skin. Solveats are readily absorbed through the skin and into
the bloodstream. Some solvents, such as trichloroethylene, are carcinogenic,

Solvents are generally quite flammable. Though there are few ignition sources in the 1ab,
always be cautious of solvents near any source of a spark.

Photoresist contains crganic solvents s part of its makeup. These solvents can be as
hazardous or more so than the other solvents used in the laboratory. Awvoid skin contact or

breathing the fumes of phoforesist,

DANGER —- MERCURY VAPORS AT ROOM TEMPERATURE

Mercury evaporates at room tempcmture, and is lughly toxic. Nunl'y your instructor if ynu break a
thermometer or spill mercury.

UV light sources { present in the mask aligners ) are normally quite safe. However, when these lamps
approach their useful end, they can ovecheat and explode. This releases toxic mercury fiumes into the
room. Should this happen, immediately leave the area and notify _v,ruur instractor.

After tm'mng off a normal UV lamp, it must cool for 30 minutes before restarting. Failure tn do this may
result in 4 bulb e.xploszon .
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CLEANROOM PROCEDURES:

In order to preserve the integrity of work in a semiconductor processing facility, 2 number of “clean’
practices roust be followed, Dirt, dust, fingerprints, perfume, hair sprays, sneezes, etc, are the scourge of
the semiconductor industry, Steps must be taken to protect your devices from contamination, or fabricated
devices will not function as desired. Itis important to keep wafers covered except when processing. Also,
keep your tweezers and other objects used for handling wafers ¢lean. Follow all cleaning procedures
carefully, and once cleaned, fransfer wafers without delay to the next process, The written procedures are
designed to minimize contaminants if followed.

10.

11.

Always wear all of your protective clothing.

Do not bring pencils into ¢lean room,

Remain inclean areas only when processing. No visitors without pernission.
NEVER put your head iu laminar flow, especially over wafers.

Move hands slowly in and 1_:|ut of laminar flow.

Avoid tapping Feet or uinning in clean areas.

Never touch wafer holders without gloves.

-Always use complete cleaning procedures.

Never handle wafers with metal tweezers after an RCA clean.

NEVER touch metal tweezers to quartz furnace boats.

Do not allow furnace pushrods and thermocouples o touch anything except designated
furnace tubes, boats and holders.



SAFETY QUIZ - ]

GEORGIA INSTITUTE OF TECHNOLOGY

Microelectronics Research Center
CHE 47562 / EE 4752 Microelectronics Processing Laboratory

NAME:

1. Should you add acid to water or water to acid, why?

2. If someone is not following the safety proceclures, give two possible
actions you could take? 1.)
2.)

3. Name 3 pieces of safety clothing for this [ab:
2} _ .
3) |

4. Give two reasons why HF is dangerous:
)
2)

5. Give two reasons why solvents should be used in a hood:
1) R
2).

8. You are about to use the mask aligner and someone turned it off,
what should you do before restarting it? '

7.  What do you do if someone spills acid on their clothes?
8. What do you do if someone spills acid on their face?
9. Why should you not mix acids and solvents?

10, What is the emergency phone number?
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SUBSTRATE CHARACTERIZATION PROCEDURE;

It is necessary to characterize the starting material in a semiconductor process, as he material cfﬂpmu type
and amount must be corrext for a certain process {0 work as designed. This lab process requires wafers of
the following characteristics:

+ N-type ( Phosphoraus dopant )
o 10%00%em? Dopant concentration

o <100> Crystal Orientation

o 5200-cm Wafer Resistivity

The first st of measurements is to verify that the starting material has these necessary characteristics. The
tests arc destructive, so the control wafer used here is not processed.

1. On control wafer, C1, determine the carrier type ( nor p } using the hot probe.
2. Measnre the wafer thickniess with the micrometer. ‘

3 Measure the wafer sheet resistivity in 2/ square, using the 4-pt probe, Multiplyingby
" the thickness will yicld the bulk résistivity. Given that the mobility of electrons s 1800
cm 2/ Vs, what is the dopant concentration?

4. Check location of wafer flats to verify crystal orientation. The secondary flat opposite
the primary flat, signifies n<fype < 100>, Other dopant types and ortentations have
different locations for the samndary flat.

5. Usinga d:amcmd scribe, or sharp maazzrs it is possible o break a wafer cleanly along
the orientation plane. After other characterizing measurements have been taken, break

up the wafer in order to observe the single-crystal natre of the substrates.
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HOT PROBE DETERMINATION OF CARRIER TYPE:

A hot probe may be used to determine the majority carrier type of a semiconductor with resistivity less
than 1000Q-cm. Two sharply-pointed metal probes are used te contact the sample. One of the probes is
heated while the other remains at room temperature. A galvanometer is used to detect rthe direction of
current flow between the two probes; .

{more are left behind) {energy moves away)

"probe

"o

Lt r ;g Dt Mgk - 2 st T W o
3= 'ﬂ&.::#a(‘ »2 ﬁ:_;'!_nfh' -] l..“! y *‘ﬁ” T
. ML ekl Ty Yy .
F i LT AT L LR vt Uy .

substrate updertest

The majority carriers under the heated probé have greater therenal encrgy than those in the cooler portions
of the wafer. These higher energy carriets diffuse away from the probe leaving 2 net fixed charge at the
hop probe with polarity opposite to majority carrier type. Anelectric field is then established in the
semiconductor between the majority carriér type. An electric field is then established in the semiconductor
between the majority carriers diffusing away from the hot probe and the fixed charges left behind.

The pol:cﬁtial thus generated is detectable at the probes using an electrometer. Alternately, the flux of
majority carriers can be measured using an ammeter. A positive potential implies o-fype waterial while &
negative potential implies p-type material.



(SHOULD BE DONEIN ORDER )

R C A CLEANING PROCEDIRE.
ORGANIC CLEAN mresrmeeeome 80 0C et 15 i,
BUBBLER RINSE — 5 min,
HF. DIP 15 sec.
RUBBLER RINSE e 30 520, .
IONIC CLEAN 80 6C seerome— 15 1

BUBBLER RINSE weroeeee 15 min.
© *N2DRY - CLEAN -
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This is cleaning procedure that should be done of wafers that will go in any of the high lemperature
furnaces. Wafers to be cleaned should have a S% S50y, or S7pN, surface, and not have gone through a
metallization step. Any other substrate shonld use different glasswa:c and cleamng facﬂmes ‘I'lus handout
is intended 1o serve only as a guideline; 2/ MUST be gi licit :
instructorto use the cleaning station. If you wish to deviate from this procedure, or have any questinns,
consult with your laboratory instructor.

NOTES

Wear poly gloves while working in clean station

Due to safety reasons, keep hood sash down when not in use.

Use the white Teflon wafer carrier for the clean,

Use fresh chemicals for each clean. '

Chemicals should not be brought to a boil, as this caum rapid decumpo&tlon of H; 0.
When measuring chenicals, use the appropriate ( i.¢,, organic or ionic ) beaker, graduated
cylinder, and heatmg bath. DO NOTMIX TI-IEMUP

o  Always place carrier handle and TEFLON tweezers in solutions and rinses mth carrier and
wafers,

A. Start-Up

1. Tum on DI water flow to the rinse station. ‘The knob is located In the front of the station . Take
care that the knob is not opened tao far, as this could cause everflowing of the station. Consult
your Iaboratory instructor if you are unfamiliar with the setup.

2. Turn on Nxflow knob to the rinse station. This is done by adjusting the regulator knob located
next to the DI knob in front of the sink. When correctly adjusted, there should be a gentle
bubbling of nitrogen through the rinse station.

3. All cleaning solution should be made at the same time to minimize delay i mpmcﬁsmng Thats, as
500n as the organic removal solution has been made and is heating, start on the jonic solution.



B. ORGANIC CLEAN -

1. Prepare solution for organic clean

In quartz tank marked (O ),
Add: 1000 mIDI (H,0)

. 200ml H;O;

200 rl NELOH

2, Tum left hot pIaIﬂ switch ON and adjust the hot plate 1emperatu1'e to 350 The solution should
heat for 15 minutes, in order to reach 80°C,

3. Subimerge wafers info the warming solution as soon as possible.
4. During heating time, prcparc solutions for Oxide Stripping ang Jonic Removal { see below}

5, ‘When the arganic solution begins to bubble, immerse the wafer carier with your wafers for 15
minntes,

6. Remove carsier and wafers from left tank, and immediately place in the hubblwrrmsc tank for 5
mimuates,

7. Tum off hot plate and allow solution to cool to room temperature.

C. OXIDE STRIPPING

1. To be done dmngsfap#ﬂabom
The following HF solution will be prepared by fhe !abararmymmwrm"
Int the left polypropylene vat marked HF TANK, a 50:1 HF dip as follows:
Add: 4500 ml-DI H,0 ( tank is rmarked to the required Jevel )
50 m! HF

2. Remove the carrier and wafers from the bubblier rinse, and carefully submerge it into the *50:1"
HF solution agitating in the direction of the wafers for 15 sec.

3, ‘Transfer the carrier to the bubblier for 30 seconds. ( This should not be any longer as to avoid
-Teformation of a hydrous oxide film ).

4. Immediately transfer to Hot Jonic Clean ( right quartz vat )



D. IONIC CLEAN

1. To be done during stcp #4 of Organic Clean:
Prepare solution for ionic clean in quartz marked (1),
Add: 1000 ml DI(Hz0)
200 ml H;0,
200 ml HCI'

2. To be done during step #4 of Organic Clean: I
Tum left hot plate switch ON and adjust the hot plate temperature to 330, The solution should
heat for 15 minutes, in order to reach 80°C,

3. Submerge the still wet wafers from the HF Rinse into the Hot Ionic Cleaning solution,

4, Maintain wafers in 80°C solution for 15 minutes.

5. After 15 minutes has élapsed, transfer wafers directly to the bubblier rinse.

6. Tum offf hot plate and let solution cool to room temperature,

E. FINAL RINSE AND DRY

1. Rinse the wafers in the bubblier rinse tank for 15 minutes.

2. After wafers have rinsed for 15 minutes, remove from bubblier rinse and place wafer carrier in
black box, transfer to wafer dryer using standard procedure.

3. Tum off DI water and N, flow to rinse tank.

4, After completing drying cycle, carefully remove wafer carrier back into the black box replace
cover, transfer to furnace boat loading area, and immediately load wafers into the furnace.

5. After hot solutions have cooled to room temperature, empty and rinse the cleaning tanks with DI
water, .
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FIELD OXIDATION PROCEDURE:

“This prooess will thermally oxidize the silicon substrate. The oxide growil will be g thick field oxlde 1o
isolate the devices and definé the source and drain regmns for subsequent diffusion.

1.

RCA clean device wafers and control wafer C2. Refer to RCA Clean handout for
procedure in substrate cleaning station, During the cleaning, continue with the next three
items, preparing the oxidation furnace.

Verify that the gases flowing through the furnaces are in the JDLE CONFIGURATION:

Note that in the idle configuration, nitrogen gas is flewing through all three
furnaces.

Tumn on the oxidatior furnace and adjust it to 900° C. This is accomplished iay adjusting
the furnace controller in the back of the furmace ¢lean hood.

Fill bubble flask with DI water and tum the controller dial to 50, then immediately back
t0 25. This will start heating the water in the bubblier to a temperature between 90 and
100° C. _ _

At the completion of the RCA clean, remove the quartz boat from the furnace using
appropriate push rod and quariz boat loader. Always wear poly gloves and/ or high
termpernture glaves when Bandling quartz ware. DO NOT hold push rod in front of mark
onrod. Keep the boat in the boat loader and set the boat loader down in front of the

~ furnace tubes, taking care that holder and boat remain in laminar flow.

Place the RCA — cleaned wafers, still in their carrier, into the carrier box, and transport
them to the fumace loading station. Load wafers onto guartz boat using Teflon or Teflon
—tipped tweezers, Avoid passing arms or head over cleaned wafers.

With boat loader, reture wafers on boat to oxidalion. furnace. Slowly push boat into the
mouth of the farmace with push rod, to avoid wafer fracturing due to thermal stress. Push

the quartz rod in just to the point where the mark on the push red is even with the metal
door to the furnace. This will place the center of the boat at the center of the fumace,

The field oxidation process is to be carried out at 1100° C, The process is:

LoadinN;  (Idicgas)

a.

b. Dy G, 5 minutes
c. Wet O, 120 minutes
d. . by Q; 5 minnles
. Unloadin N; - (Idlegas)



10.

11.

12,
13.
14,

15.

16.
17.

18.

19.

Ramp the furnace controller up to the oxidation temperature of 1100° C.
Lock in ramp mode. Wait until the temperature has stabilized ( about 10 minutes ).

Begin dry oxygen flow through the tube.

>> turn oxide furnace valve to O,
>> valve to Dry or Wet should be facing Dry

Dry oxygen is now flowing through the tube ADJUST the flow rate to 94.70
scem, ( standard cubic centimeter minute ).

When 5 minutes have elapsed, begin WET oxygen flow through the tube.
>> turn valve from DRY to WET
Wet oxygen ( i.e., a combination of oxygen and steam ) is not flowing through
the tube. Note that oxygen is flowing through the bubblier mounted in the back
of the furnace.

When 120 minutes have elapsed, start DRY oxygen flowing through the tube.
>> turn valve from WET to DRY |

Turn OFF HEATER to the wet oxidation bubblier.

When 5 minutes have elapsed, start nitrogen flowing through the tube, i.e., return the gas
delivery system to its IDLE CONFIGURATION:

>3 turn oxide furnace valve to N;

- Set furnace to 900° C, lock in ramp mode and wait 10 minutes for it to cool to

approximately 900° C.

Pull wafer boat slowly to the mouth of the fummace with push / pull rod. Let wafers cool
briefly before completely removing boat from furnace. Make sure that the wafers stay in
laminar flow hood at all times.

Allow wafers to cool completely in boat before removing and storing in N dry box.

With boat loader, return boat to oxidation furnace. Slowly push boat into furnace with
push rod, approximately Y of the way into the furnace tube. Loosely replace end cap and
store boat holder inside the metal furnace door.

Estimate the thickness of the grown oxide using the color charts as well as your
calculation of approximately how thick the grown oxide should be. :

Measure grown oxide thickness of control wafer using Ellipsometer, referring to
Ellipsometer procedure ( this may be deferred to later lab for time reasons ).



GEORGIA INSTITUTE OF TECHNOLOGY
Microelectronics Research Center
Microelectronics Processing Laboratory

LAYER THICKNESS MEASUREMENTS
Color: o |

Both silicon dioxide and silicon nitride layers exhibit different colors on the wafer. We know that silicon
dioxide is transparent ( glass is silicon dioxide ), yet it has a color on a wafer. The color is actually the
result of an interference phenomenon, the same phenomenon that creates the colors of rainbows.

The silicon dioxide layer on a silicon wafer is actually a thin transparent film on a reflecting substrate.
Some of the light rays impinging on the wafer surface reflect off of the oxide while others pass through the
transparent oxide and reflect off of the mirrored wafer surface. When the light rays exit the film, they
combine with the surface-reflected ray, resulting in a color.

The exact color is f function of three factors. One, which is a property of the transparent film material, is
the Index of Refraction. A second factor is the viewing angle ( rotate an oxidized wafer and the surface
color will change ). The third factor is the thickness of the film.

The color of a thin transparent film becomes an indication of the thickness when the nature of the viewing
light is specified (i.e. daylight, fluorescent ), along with the viewing angle. The classic color vs. thickness
chart is a regular feature at oxidation and diffusion stations. Color alone is not an exact indication of
thickness, due to the consequences of the interference phenomenon.

As the film gets thicker the color changes in a specific sequence and then repeats itself. Each repetition of
the color is called an order. To determine the exact film thickness, a knowledge of the color order is
necessary. A principle use of color charts is for process control. I

Each oxidation or silicon nitride process is designed to produce a specified thickness. Naturally the
thickness will vary run to run. Operators quickly become sensitive to the usual color. When a variation
occurs, & quick check of the chart will indicate if the film thickness is out of specification. Rarelyisa
process so far off that the film thickness is a whole order ( same color, different thickness ) out of
specification. The accuracy of color chart thickness determination is limited to the accurate perception of
the colors { what exactly is red-orange ). A typical chart is accurate to <or > 300 angstroms,

Ellipsometers:

Elfipsometers are film thickness instruments that use a laser light source. The laser light source is
polarized. The effect of polarization is to create a wave that is traveling in only one plane, Polarization
can be imagined by considering looking into the beam of a flashlight. Inan ordinary beam light rays come
to your eyes in many planes, like an arrow with many feathers. A polarized beam has all of the light in
only one plane, or an arrow with only one feather. ] o

In the ellipsometer the polarized beam is directed to the oxide covered wafer at an angle. The beam enters
the transparent film and reflects off of the reflective wafer surface. During its passage through the film the
angle of the beam plane is rotated. The amount of rotation of the beam is a function of the thickness and
index of refraction of the film. A detector in the instrument measures the amount of rotation and anon-
board computer calculates the thickness and index of refraction.

Ellipsometers are used to measure thin oxides ( 50 to 1200 angstroms ). Their accuracy in this range is
unequalled by other techniques.



Table 7.4 Ceolor Chart for Thermally Grown 310, Fiims oburud

Perpendiculary Under Daylight Fluorescent uahtlng

L]

. Film . Film -

Thickness - ' : Thickness . :
() Color and Comments {um) ..  Color and Comments
005 Tan 0.63 Violet red _
0.07 Brown 0.62 *“Bluish' (Not Blue but -
0.10 Dark viclet to red violet borderline between viclet
0.12 Royal blue and blue green. It sppears
©.15  Light Blue to metallic Blue more like a mixture
0.17  Metallic to very light between violel red and Blue

yellow green green and looks grayish) '
0.20 Light gold or yellowe= 0.72  Blue green 1o green Iquh:
slightly metallic broad)
- 0.22  Gold with slight yeliow 0.77  *“Yellowish™
orange . 0.80 Orange (rather broad for
0.25 Orange to melon orange)
0.27 Red violet 0.82 Salmon
0.30  Blue to violet blue 0.25  Dull, light red violet
0.31 Blue 0.85 ° Violet .
0.32  Blue todlue green 0.87  Blue violet
0.34  Light green 0.8% Blue
035  Greento yellow green 0.92 Blue green -
0.36 - Yellow green ' 0.95  Dull yeliow green
0.37  Greeg yellow 0.97  Yellow to **yellowish™
0.3%9 Yellow 059 Ornnge
0.41 Light orange , 1.00 Carnation pink
0.42  Carnation pink 1.02  Violet red
0.44  Violet red 1.05  Red violel
0.46 Red violel - 1.06  Violet
0.47 Violet . 1.07  Blue violel
0.43 - Blue violet 1.10  Green
0.49 Blue 1.11  Yellow green
©0.50  Blue green 1.12  Green
0.52  Green (broad) 118 Violet
0.54  Yellow green " 119 Red violet
0.56 - Green yellow 1.21  Violet red
0.57 Yellow to “'yellowish®* (not 1.24  Camation pink 10 nlmtm
yellow but is in the position 1.25  Orange
where yellow is to be - 1.2 *Yellowish™
expecied. At times it 1.32  Sky blue to green blue
. - appears to be light creamy 1.4 Onnge
gray or metallic) 145 Vidlet
0.53  Light orange or yellow to 1.45  Blue viclet
pink borderline 1.5 Blue
0.60 Camation pink 1.54  Dullyellowgreen

* See reference 57.



1% VLSI TeoroLoGy
Tadiz 1 mmurw-ﬁaﬁdaﬂonﬁhﬂimn
Pxatclicrae Lirewrmne=

erpexz (). Alpm)  Bipeh) - BIA(pmh) ()
2o . 00 . 0720 3440 0
1100 011 0510 464 -0
1000 025 | 02187 17 0
20 0.5 0203 0.405 o

mueof-rndcﬁnedinl’:'q 14 must be used. Tnb!e!hsuﬂaemuuarmm
for dry oxidation of silicon.*

Examination of Eq. l%uvzmﬂmshewadmhmonﬂmc.
which, according to Henry's law, is proportional to the partial pressure of the oxidiz. |
lnsspecles However, A should be independent of the partial pressure. This has
indesd been confirmed experimentally for both wet and dry oxidations*# in the tem-
E:mmehﬁunlmuﬂlm::ﬂbﬂmnnlmﬂ!m The pressure
. n&enceofﬁmuﬂmmchmum:mmﬂmmmcmlmum
mdependencels.ﬂ. ' '

Hmkﬁomﬂn:ﬁmurmwémﬂnpmhﬂicmmwfm
both dry and wet oxygen at 640 Torr and for wet oxygen normalized to 760 Torr using
the lincar pressure dependence. As might be expected from Eq. 14, the temperature
- Gependence of B is similar to that of D, that is, Bimu:-:smnﬁall with tem-
perature. ‘For dry oxygen the activation enetgy for B is 1,24 eV, which is comparable
“to the value of 1.17 eV for the diffusivity of oxygen through fused silica (similar in
structure to thermal Si0;). The wit oxygen activation energy (0.7] eV) also com-
pares favorably m&ﬂnu&ﬂmwfwﬂrdﬁhﬂlﬁwd water in fused silicon

(0.80¢V).
Hm%mmwwmnfﬂulmmmmmﬂm for
both dry and wet oxygen at 640 Torr and for wet oxygen notmalized to 760 Torr.

Once again an exponemtial dzpendence is observed with activation :ncrgncs 1.96 and
2.0 eV for wet and &y nx:daﬂon. respectively. Deal and Grove* show that these

Table 2 Rate constants for dry oxidation of silicon
‘Parsholicrat:  Liner e

enpenare (C)  Alum) - B(ewh)  B/AGD) . Th)
1200 000 003 . 12 0.027
1100 000 00N 030 0.076
}000 0.165 00117 0.071 037
20 05 OO0 0.0208 3.40 .
0 03™~ 00011 £.0030 9.0

X0 =, o 0.00025 510
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CMOS Fabrication Process 6 Mask Design ——

1)  Mask # 1 P-Well
7)  Mask # 2 P* source/drain
3)  Mask # 3 N source/drain
4)  Mask # 4 gate/contact
5)  Mask # 5 contact
6)  Mask # 6 reverse field

e e
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PHOTORESIST THICKNESS:

THE PHOTORESIST THICKNESS IS ACTUALLY DETERMINED BY SEVERAL
RESIST-RELATED FACTORS AND TWO SPINNER-RELATED FACTORS.
THE PHOTORESIST FACTORS, INCLUDING SURFACE TENSION, SOLIDS -
CONTENT AND VISCOSITY GOVERN THE DEGREE OF "SPREAD" OF THE
RESIST PUDDLE AS THE WAFER IS ACCELERATED TO HIGH SPEED.
SURFACE TENSION AND SOLIDS CONTENT ARE CONSTANT FOR A
GIVEN RESIST, WHILE THE VISCOSITY IS THE PROCESS VARIABLE.
ACCELERATION AND FINAL SPIN SPEED ARE THE TWO SPINNER
FACTORS. GENERALLY, THE SPINNER ACCELERATION IS SET ATA
CONSTANT, REACHING 5000 RPM IN ABOUT 1.5 SECONDS.
PHOTORESIST THICKNESS CAN ALSO BE INFLUENCED BY THE AMOUNT
OF PHOTORESIST APPLIED AND THE TIME OF THE SPIN, BUTONLYIF . -
THESE FACTORS VARY IN THE EXTREME. FORTUNATELY, BOTH OF
THESE FACTORS HAVE WIDE RANGES AND ARE NOT NORMAL PROCESS
VARIABLES IN DETERMING RESIST THICKNESS. FOR A GIVEN
VISCOSITY, THE FILM THICKNESS WILL DECREASE WITH iNCREASING
SPIN SPEED. INCREASING THE VISCOSITY FOR THE SAME SPIN SPEED*
WILL INCREASE THE FILM THICKNESS. THE COMBINATION OF ALL
THREE FACTORS RESULTS IN A FAMILY OF CURVES AS ILLUSTRATED;

Reslst

© . @

—

Insufficlent Complete Reslst . Excesslve Hmst
Coverage Coverage

Alter
Spln

Example of Resist Coverage



(2} Positive & negative resist exposure characteristics
1 .

' -PERCENTRESIST
AEMAINING AFTER
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NEGATIVE RESIST | | POSITIVE RESIST
. EXPOSURE RADIATION

RESIST:

Reslists may be either negative or positive. Negatlve resists becomes less
soluble in developer when they are exposed to radlation, and positive
reslsts become more soluble after exposure. The typlcal negative and
positive resist exposure response curves. At low-exposure energles the
negative resist remains completely soluble in the developer solution. As
the exposure is increased above a threshold energy E, more of the resist

film remains after development. At exposurestwo or three times the
threshold energy, very litile of the resist film is dissolved. For positive
resists, the reslst solubility in its developer s finite even at zero-exposure
energy. The solubllity gradually increases until, at some threshold, it
becomes completely soluble. Response curves such as these are affected
by all the resist-processing variables: Initial resist thickness, spectral
distribution of the exposure radiation, prebake conditions, developer
chemistry, developing time, and so on. These curves ¢an therefore be
used to characterize the complete photoresist process. Positlve resists
usually require more exposure energy (longer exposure times) than
negative resists to form resist images. Exposure tool throughput is
therefore less when posltive resists are used. S
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Photoresist development
Process and Problems; . .

After the wafer completes the alignment and exposure step, the device or
clrcult pattern is coded in the photoresist as regions of exposed and
unexposed resist. The pattern Is "developed” in the resist by the chemical
dissolution of the unpolymerized resist regions. Development techniques
are designed to leave In the resist layer an exact copy of the pattern that -
was oh the mask or reticle. Problems resulting from a poor developlng
process are underdevelopment, which Jeaves the hole Incompletely
developed to the correct dimenslons, or a coved sidewall. In some cases,
the development wiil not be long enough (incomplete) and will leave a layer
of resist in the hole. The third problem Is overdevelopment, which
removes too much resist from the Image edge or top surface. Negative and
posltive reslsts have ditferent developing charasteristics and require '

different chemicals and processes.
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This prndedure outlines the operation of the Karl Suss Mask Aligner, Wafers to be exposed in the sligner
should have the resist properly softhaked, to prevent damage to the aligner. A zsers MUST have explicit
pormission to use the aligner.

SAFETY NOTE:

The aligner uses a iercury arc lamp. Follow proper proceduras, to avoid possible explosion and exposure
to mercury vapots. ‘Once lamp is on, do not turn off until the end of the day. Ifitis mrmdoﬂ' it must cool

for 30 minutes before restazting.

A. STARTUP

Note: ‘The aligner may already be on when you come into the lab. If so, proceed directly to pari B,

1.

Tum an the toggle valve located on the gas contro] panel. . Verify proper flows on
gauges, reading 4 bar, 2 bar, and 1 bar from left to right These values are noted just

below each gauge.

Flip toggle on bulb power supply ON. Allow power supply to warm up a few minutes.

" Press button labeled *start’ to start Hg arc Jamp. It will take 10 — IS rminutes for the bulb .

to come up to its final reading of approximately 200 walts.
Turn on power to aligner itself by pressing the red button marked ‘power’ on the aligner

- panel, Verify that the "soft contact’ and *ST” lights are lit.

B. LOADING MASK

L.

_ Remove mask holder from location in aligner by loosening thntmb screws and shdmg out

to the Iell.

Place mask pattern ( emulsion or chrome } side up on underside of mask frame. Ce.nter
mask over vacuum groave, aligning it square with the frame.

. Hint: 'The mask is square and can therefare go into the mask holder in any one of four orientations.
Always put the mask onto the holder in the same orientation (i.g., words on mask pointing “north’ ); this
will save you an enormous amount of grief when aligning subsequent masks.

3-

4,

Push *Vacuum Mask® button and verify that the mask is held in place.

Turning mask frame over, reload into aligner sliding it all the way to the right. The mask
should be undemneath, with the pattern side now Izcing down. Tighten thumbscrews
lightly, holding mask frame and mask ir place.



To view mask, and eventually wafer, the microscope light must be turned on. The
control for this light is located on a small box to the left of the aligner. To manipulate the
microscope ohjective as neaded, use the handle ( joystick } that hangs from the left of the
al:gncr It has two buttons on it, which when depressed release air brakes that hold the
microscope head fixed in posmun Onc rcleas&s the x direction, the other the ydn‘echcm

C. WAFERLOADING

1.

Place wafer on ¢huck, If the wafer is wholg, place it such that prhnaﬁ flat of waferis
pointing iri one preferred direction ( e.g., to the Ieft ). Be consistent; see “hint” in section

- B above.

Depress the small silver button on the stage, drawmg a vacuumn on the wafer. Hold
button while shdmg stage into aligner. Slide it just until it stops; there is no need to force

it,

On the Icft side of the aligner there are two levers.

(a) Separation Lever
This lower one slides forward and back in a plane parallel to the table. This

lever is for bringing the wafer just out of contact with the mask in order to perform any
necessary alignment, :

{b)  ConlgctLever -

The lever on top has a range of motion through 180° ina plane pa.rallel to the
side of the aligrer. The function of this lever is to bring the wafer chuck up into contact
from the lnwered po-suion it occupies when ﬁrst gntering aligner.

Using the Contact Lever, move it through 180° counterclockwise, raising wafer info
contact. Looking through the microscape, shadows should appesr, then disappear, as the
walfer comes into coniact with the mask. This contact should occur with the lever having
passed through % of its motion. Any adjustment to this height is made with the variable
Iluckness conirol on the lower front of the aligner ( if such adjusunent is nwessary alert

your laboratory instructor ).

If this is the first mask step, and no alignmeat is necessary, continue with Exposure
pracedure section E below. Otherwise, continue with Part D,

D. ALIGNMENT

Alignment is probably one of the most difficult jobs that you will do in this Iab. Tt takes a few tries fo
become “expert’; don’t get discotraged.

1.

With the wafer in contact, focus the microscope on the mask and wafer. Use a low
power objective.

Put the wafer into the séparation position, bjr maoving the Separation Lever all the way
towards the front of the maching. The contact light will go out.



10,

E. EXPOSURE

Rotate one of the alignment micrometers to verify freedom of motion of the wafer. This
will be difficult if there is no wafer pattern in view. [t is possible that the wafer will not
move freely due to a spot of resist or somne other reason. If this is the case, put it back
into contact, then drop wafer out of contact with Contact Lever, slightly lower stage with
variable thickness adjustment, and return wafer to contact. Remember to alert your
instructor before you use the vanablc thickness adjustment.

To perform ahgnment. ﬁnd alignment marks near the center of the mask Then move .
microscope, searching wafer undemncath for alignment marks. Once found, use the xand
Jmanipulators to bring alignment marks together. Each micrometer has both a course
and 2 fine adjastment. The course { which should pnmanly be used ), is the smaller knot

in the middle of each micrometer.

Now that alignment marks on both wafer and mask are visible together, adjust © as
necessary. Do the best you can to align this one set of marks.

Move microscope objective to one side of the wafer, releasing it in only the x direction.
Observe alignment at this end Do not expect it 10 be great. Now:

Move wafer % way in to alignment using j manipulator.

a.

b. Use © manipulator to adjust alignment as well as possible in the y .
direction.

¢.  Adjust x manipulator to achieve ‘perfect’ alignment,

Move phjective to opposite side of wafer. Again check alignment, and repeat pmﬁous
soqucncc of steps.

Iterate back and forth until sansfacto:y alignment is achieved. It may take many
iterations, depending on the amount of care taken at each step. _

Move Separation Lever to ils rear posmon, relighting the contact light,

The alignment can now be checked using a higher power objective if desired. Ifitis
unsatisfactory, reheen to Separation, and twiddle alignment more.

WARNINGI!! During exposure, ultraviolet light floods the wafer surface. Invariable, some light will
escape. As ultraviolet light is damaging to your eyes, DO NOT LOOR. AT THE LIGHT DURING

EXPOSURE

1.
2.

Sct exposure timer to comrect value for your application ( in seconds ). . -
Verify that bulb power supply is reading approximately 200 W.

On bulb power supply, switch to Cl by depressing button. The display should now
swilch to zero, indicating the UV exposure energy at the surface of the wafer, -

Before exposing, check:

a. Wafer is in coni_act, as displayed by light.
b. Timer is set correctly,



Move head away from microscope, and depress EXPOSURE button. The bulb readout
should read approximately calibrated mW per square centimeter. While resist is being

exposed, DO NOT LOOK AT LIGHT,

When exposure is complete, unload the wafer by rotating the Contact Lever 180°
clockwise to the front. Slide the tzansport slide mrefully to the nghL and remove wafer
ﬁomlhechuck o :

F. DEVELOPMENT

Note:  Wafer development is to be done in the fume hood.

L
2,

Pour 500 ml of Developer 354 into a first clean beaker.
Pour 600 ml of dejonized water into a second clean beaker.

Place exposed wafer into a wafer holder and agitate lightly in the dcveloper for 30
seconds.

Remove from developer and quickly place wafer in deionized water for 30 second&
Agitate lightly.

Hold wafer over sink and lightly spray with deionized water from the water gun for 30
seconds.

Dry wafer using nitrogen gun.

* Inspect under nucroscope 10 detennmc how successful lhc photohmographlc process has

been. Ifthe pattems do not come out, you may have to start all over again ( see
photoresist application procedure ).

I pattems are well defined, postbake the wafers for 30 minutes at 120° C.
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- BORON DIFFUSION PROCEDURE:

This lab introduces the solid-source method for dopant diffusion. Inthis case, a Boron { p-typc ) dnﬂ'usxon
will dope the source / drain regions which are defined by gaps in the field oxide. Methods for evaluation of
the diffused layer will be performed later, The boron source is a ceramic wafer of boron nitride ( BN ),

which has been oxidized in 2 1000° C 25% 0, atmosphere resulting in a surface layer of B203 glass.

During this infinite ~ source or pre-deposition step, this glass slowly evaperates from the BN wafer and
condenses on the silicon waler, This thin layer of B203 prowdcs clemental boron for diffusion into the -

silicon via the reaction;

2B2063 +8i -4 B+38i0;

After the desired amount of boren is deposited on the silicon wafer, the BN source walers are removed the
boron is diffused into the silicon wafer during a high temperature drive-in step. In our process, the drive-in
will occur during the subsequent GATE OXIDATION STEP.

1, RCA Clean device and control wafers ( refer to RCA clean handout ). Check that the
boron diffusion tube is idling at 600° C with nitrogen flowing through the tube, Before
or during the clean, the instructor wﬂl prepare source waf'ers as necessary sumg the
following procedure

Oxidize BN wafcrs at 900’ Cin 25% 0, for approxlmalely six howrs. This is -
not necessary for every use, as the source are compromised if oxidized too

frequently.

After oxidation, the BN wafers need to be stabilized in N2 in the furnace for at
least 30 minutes. The source wafers should then be stored at the mouth of

furmace tube, to avoid hydration.

2, At completion of RCA clean, Joad wafers into boat with sources. The walers should be
inseried such that the device side of each is facing a BN source wafer. There are two
walfer slots between sources, allowing for a device wafer facing out to both sides.

3. Load the boat into the mouth of the fumace for the prc-dcposmcm diffusion
4. Check that the gas system is in the JDLE CONFIGURA’I‘ION

>> Oxide Furnace valve is facing Nz

Note that in the 1dlc confi gumuon nitrogen gas is flowing through all three
fumaces.

3. Turn the fumace controtler up to the deposition temperature of 935° C. Wait until tie
temperature has slabifjzed ( about 10 — 15 minutes )



10.

11.
12,

13.

14,

15.

Begin appropriale nitrogen flow through the tube.

>> Adjust the flow rate to 87.11 sccm ( 1000/ standard cubic centimeter per
min ).

" Wafers should be loaded in the wafer boat, between each solid source of boron and

placed in the mouth of the furnace tube. -

Push the wafers into the center of the tube at a continues movement until you reach
center zone using the pushrod.

When 30 minutes have clapsed, boron deposition is completed.

Using pushrod return wafers back to the mouth of the furnace using the same procedure
asinstep 8. , | .

Turn the temperature controller down to 600°C.

Allow the wafers to cool down in the mouth of the tube for a least 5 minutes before
removing

Remove the boat from the furnace and allow the wafers to continue to cool before
removing them from the wafer carrier.

The walers are now covercd with borosilicate glass, which served to dope the exposed
source / drain regions and the polysilicon. Other areas of the wafer surface were masked

from diffusion by the ficld oxide. . -

When wafers are c(;ol, plaée them in the RCA wafer carrier and dip them back into the
HF bath for 15 seconds and rinse for 2 minutes. This is to remove outer boron film from
surface that is no longer needed. _ - '

NOTE: The sheet resistance will increase when the Boron is removed from the surface because the boron
doping tends to increase conductivity (and therefore reduce resistivity ). When this boron is reinoved, the
conductivity decreases and the resistivity ( as well as sheot resistance ) goes up.



. PHOS PLUS -
. High Purity Planar Dopant Sources

PhosPlus Planar Dopant Sources Have Widespread Uses.

PhasPlus planar diffusion sources represent a significant advancement in the field of phasphorus dopant
materials. Their ability to easily and unifarmly dope large-diameler silicon wafers in a safe manner accounts for
their increasing popularity In the semiconductor industry. In general, PhosPlus sources offer all the advantages
traditionally associated with planar sources plus they possess a number of additional improvements which rmake
them the most desired phosphorus scurce available to the diffusion engineer.

Three PhosPlus Sources Provide Versatility. |
Three PhasPius sources are available to meet the many silicon processing requirements of the semiconductor
industry. The following temperature ranges are normally recommended for their use;

™ Source Type Recommended  § Approximate Sheet
Temperature Range | Resistivity
L. : ‘ :
TP-470 975-1150°C <1-7 ohm/sq
*TP-360 900-1025°C 5-25 ohm/sq
TP-250 800925°C || 5-100 ohmisq

* The TP360 PhosPlus source has been discontinued as of Jan 1, 1997,

Each type of PhosPlus source contzins Py05 and the extremely stable oxides of Ta205. AlaO4 andfor
Ln,Cy(rare earth oxide). The sources are manufactured in such a way that the POy Is combined with Al,O or
Ln,04, and & only evolves when the sources are heated to the doping temperatures through one of the following

decomposition reactions:

TP-360 and TP-470 TP-250

.....

LaP,0,4---->LaoP,0g + P,0, 4

A(PO3),->AIPO, + P05

Several thin radial slots are cut into the sources to ensure that they will not fracture when rapidly heated in the
diffusion furnace, The slots have no effect on the uniformity of the doped siticon waer. The TP-380 and TP-470
sources also contain Ta,0p to adjust their thermal expansion coefficients and make them extremely resistant to

thermafl shoek.

Are Safe to Use,



PHOS PLUS -
High Purity Planar Dopant Sources

PhosPlus Sources Show l.ong Lifetimes.

Industrial experience has shown that PhosPlus saurces'normally exhibit ifetimes in the range of 300-500 use
hours. The actual lifetimes of PhosPlus sources used in typical plant production, however, depend upon many
factors, such as temperature of use, care in handiing, device being manufactured, the sensitivity of the process to

the eventuzl decrease in the F'205 evelution rate, ete.

The potential lifelime.of a PhosPius source carn be estimated by periodically doping a silicon wafer with the source
being held in diffusion furnace and observing how the resulting sheet resistivity varies with time, Figure 1 shows

the average sheet resistivity obtained on the silicon wafers doped for 60 minutes at 1020%C with TP-470 sources
when used in a fypical production environment. Little change in sheet resistivity was observed for the first 800
hours of use. The sheet res'stivity then began to slowly increase as the P, O, evolution rates was gradualiy

decreasing.
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A second method of estimating the lifetime of a source is to measure the amount of weight a source loses at a use
temperatire as the P205 evolves. Weight loss data for the TP-470 sources (Figure 2) indicates 2 continuing

process of P205.evoluﬁon aver hundreds of use hours,

Figures 3 and 4 show similar sheet resistivily and weight loss date for the TP-250 sources. This data also
indicates that hundreds of hours of use can be obtained from a set of TP-250 PhosPlus sources.
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Doping Properties of PhosPlus Sources.

Single Crystai Silicon; Typical sheet resistivity versus deposition time curves for the three PhosPlus sources are
plotted in Figures 5,6 and 7. The curves are different for each source because the sheet resistivity of the silicon
wafer for a given deposition cycle depends somewhat upon the thickness of the depasited glassy filrm. The thicker
the glassy film, the fower the sheet resistivity, Figure 8 shows how the deposited film thickness varies with the type
of source being used.
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A typical deposition time for a solid-source diffusion system is about 45 minutes. This time is usually long enough
for the sources to uniformly dope the silicon wafers. At the same time, it is short enough to be compatible with
most semiconductor process parameters. Figure 9 shows the sheet resistivity and junction depth that is obtained
from a 45-minute deposition with the TP-470 PhosPlus sources at various deposition temperatures.
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Polysilicon: The minimum sheet resistivity that can be obtained from polysilicon wafers that are saturated with
phosphorus partially depends upon the thickness of the polysilicon layer. These sheet resistivities are about _
120hm/sq for 5000A of polysilicon and about 320hm/sq for 2500A, and they occur when the deposited phosphorus

glassy film exceeds about 500 to 600A. :

Glassy films that are less than 500A can also be uniformly deposited on the polysilicon wafers from the PhosPlus
sources to produce higher sheet resistivities for special applications. Figure 10 can be used as a guide to
determine the approximate thickness that is required for different sheet resistivities.

Sheet resistivities at or above the saturation of phosphorus in polysilicon can be obtained from any of the three
phosphorus sources. The appropriate deposition cycle can be selected from the curves shown in Figures 11, 12

and 13.
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Uniformities: When the various processing conditlons are optimized, uniformities of 2% across the silicon, 3%
across the boat and 4% run-to-run or better can generally be obtained on single-crystal silicon, A tota! variation of
about 3% can be achieved on high-guality polysilicon waters doped to thelr minimum sheet resistivities {saturation

with phosphorus).

These untformities are quite typical of the planar diffuslon system and tend to be independent of the diameter of
the waler and the number of silicon wafers being processed during a run. This Independence can result in an
increase In silicon throughput compared to the number of silicon wafers often processed in gas system, It can also
significantly increase production yields by improving process control as demonstrated by the decrease in beta
variation when TP-470 PhosPlus sources are used for an emitter diffusion instead of POCI3 (Figure 14).

e

PhosPlus® is a registered trademark of Technegles, Inc.
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DRY OXIDATION PROCEDURE: . _{ GATE REGION }

This process step will thermally oxidize the silicon substrate. The oxide grown will be a thin gate oxide,
approximately 1000A.

1.

&M device wafers and control wafer, Refer to RCA Clean Handout for procedure
in substrate cleaning station. During the cleaning, continue with the next three items,

preparing the ox:dation furnace.

Verify that the gases ﬂowmg through the fumaces are in the IDLE CONFLGURAT[Q‘N:
Note that in the idle configuration, nitrogen gas is flowing through all four furnaces.

Ramp oxidation firnace and set it to 900° C, This is accomplished by adjusting the
furnace controller in the side of the furnaces.

At the completion of the RCA clean, remove the quariz boat from the furnace using the
appropriate push rod and quartz boat loader. Al ly gloves and / or hi

temperature gloves when handling quartz ware. DO NOT hold push rod in front of mark
onrod. Keep the boat in the boat loader and set the boat loader down in front of the

ﬁ:mace tubes, taking care that holder and boat remain in laminar flow.

Place the RCA —clean wafers, still in their carrier, into the carrier box, and ImnSport
them to the furnace loading station. Load wafers into quartz boat using Teflon or Teflon-
tipped tweezers. Avoid passing arms or head over clean wafers. _

With boat loader, return wafers on boat to the mouth of the oxidation farnace. Slowly
push boat into the mouth of the fumace with push rod, to avoid wafer fracturing due to
thermal stress.

Note during this procedure there i5 no stopping point until wafers have been loaded in the
mouth of the furnace,

The dry oxidation process s to be carried out at 1100° C, The procedure is:

a = LoadinN; (idle gas)
b DiyO: 45 minutes
c. UnloadinN;  (idlegas)

Ramp the furnace controller up to the oxidation temperature of 11009 C. Wait until the
temperature has stabilized, ( ramp mode is set at 20° / per min. ) '

Begin dry oxygen flow through the tube:

>> tum oxide furnace valve io 0;
>> valve to Dry or Wet should be facing Dry

Dry oxygen is now flowing through the tube. ADJUST the flow rate to
94, 7sccm { which is equivalent to 2000 sccm flow ), sct time for 43 minytes.



10.
11,

12,
13,

14,

b

When 45 minutes have elapsed, turn oxide furnace valve to N2, The gas delivery system
is back to IDLE CONFIGURATION

Return fumnace setting to 900° C, lock in ramp mode and wait to cool down.

" Pull waferboat slowly to the mouth of the furnace with push rod. Let wafers cool bncﬂy

before completely removing boat from fumace. Make sure that the wafers stay in
laminar flow hood at all times.

Allow wafers to cool completely in boat before removing and storing in N, dry box.
With boat loader, return boat to oxidation furnace. Slowly push boat into fumace with

push rod, approximately % of the way into the furnace tube, Loosely replace end cap and
store boat holder inside the metal furnace door.

| Estimate the thickness of the grown ozddcnslngﬂ\emlorchartaswelléswcllasyour |

calculation of approximately how thick the grown oxidc should be.

Measure grown oxide thickness of control wafer using Elhpsometer refemng to
Ellipsometer procedure ( this may be deferred to later lab for time reasons ).



METAL FILM DEPOSITION WORKSEET

DATE: ., | WAFER

Film Material ' .
( Single Run)

Dlstancé between Source I Wafer:

Deposition rate: _ o

Monifor reading:

. Tencor reading:

Notes / Comments;
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INTROD [ION TQ METALLIZATION

Semiconductor device -strudmms-ré:iuire:apmﬁber of differert fayers or films. These layerscanbe
dietectrics, semicondnctors or conductors and are placed on the waler by a varicty of techniques. During
the past several years there has been a dramatic increase in the uses and number of these layers.

Deposited conductors are an integral part of every device, in the role of surface wiring. Conductors also
provide other fimctions in 1.C, structures, such as fuses and back side elecirical contact for the packaged
die. Metallization is the general term used to describe this segment of semiconductor processing.

Conductors:

Metal films are used in semiconducior technology fo wire together the various components formed in the
wafer surface. The wiring is accomplished by the deposit of a thin (10 to 15 thousand angsiroms } layer of
metal on the wafer. This metal layer, afler being pattemed through a photomasking process, connects the
devices as required by the circuit operation. The metal strips on the wafer surface are called Jfeads or
Interconnects. Generally, a wafer heating step called affoy follows deposition to insure good electrical
contact between the metal and the wafer surface.

Pattemed conductive films serve two other roles in device struchires, They function as the gate electrodes
in MOS structures, and are used as electrodes in thin film capacitors.

Wiring

The fqlloﬁng ﬁlclal's'and all_lﬁys'm-'e used for {hése purpases: |

Alaminum

Aluminnm Alloys
Titanium/Tungsten

Daoped Polysilicon :
Refractory Metals and their Silicides
Gold

SrhdN=

| | Thin Film Wiring
Aluminum and Alumirum Alloys:

Alumimmm has been the traditional “wiring” motal. In fact the development of thin filin aluminum
technology has been one of the major contributions fo planar {echnology. Aluminum achieved this status
because it meets the requirements that a metal must have 10 be compatible with silicon technology.

Good Cwrrent carrying Density -~
- Superior Adhesion to 5i02 '

Ease of Patterning

High Purity

Good Electrical contact wilh Silicon

SR e

Aluminum meets al! of the above requirements. It has good conductivity, adheres very well to silicon
dioxide, ¢an be patterned with conventional photomasking techniques and js obtainable in high purity.
Alumimim has to be purified to betwezn 99.9999 and 99.99999% for semiconductor use. Electrical contact
of aluminum with silicon, while adequate for LSI level technology has reached its limits in the VLS era.
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DEPOSITION METHODS:

Metaliization techniques, like the other fab pracesses, have undergone improvement arid evohition in
response fo the demands of the new circuits, The mainstay of metal deposition techniques was and is
vacuum evaporation. Aluminum, gold and the fuse metals are deposited by evaporation. The newer metal
systems as well as the dielectrics and semiconductors can be deposited by sputtering. This technique offers
superior film composition and thickness control and will become the dominant deposition method by the

end of the century.

The two Systems are similar in construction and operation, Each a source of the material to.be deposited, a
method to convert the source to atoms and / or molecules, wafer holders to insure even film deposition, an

evacnated chamber and a pumping system to remove the air.
Evaporation Theory:

The evaporation of metal onto wafers relies on the same process by which water will evaporate out of a
glass, At the liquid air interface some of the water atoms have encugh internal energy to break the surface
and escape into the air. Over time, enough atoms will escape from the water and remain in the air, '
reducing the volume of the water, This same gvaporation process can be made to occar in a solid. When
the temperature is raised high encugh, atoms of the solid material will melt and “evaporate” into the

atmosphere. '
Three methods are d5ed to provide the extemnal energy iceded o evaporate aluminum and the other metals,
—I-heyam: . _ Do Bt A . ) ) - . .-' o . - . e

1, Filament
2. EDbeam
3. Flash

Filament:

The filament technique is used primarily for gold and nichrome evaporation. An electrical current is

passed ihrough a tangsten filament of wite of pan design. The metal to b2 evaporated is wound on the wire
or placed in the pan and is raised to the evaporation temperaturs by the current flowing through the
filament. Atoms from the source material are *evaporated” into the aimosphere. In atloys, such as
sichrome, each of the elements in the alloy will evaporate at a different rale. Each rate is characteristic of -
the evaporztion rate of the element at the particular temperature of the filament in the case of nichrome,
the composition of the nickel and chrominm on the wafer will differ from the-composition in the source

£

o =l

Wite Filament ®—> Flat Filament

\QI MAlﬁminum Alloy Wire

| Hot Plate ]

@ - : & Electrons
Melied Region

Crucible - Water Caslar

Filarnent

Evaporation Methods



Flash System:

This method is used primarily to evaporate aluminum / silicon alloys. The source is a wire of the alloy. A
mechanical feeder automatically pushes the wire onto a hot plate. Upon contact the end of the wire very
quickly evaporates or “flashes” into the gas state. Since all of the elements in the wire are evaporated
instantaneously the composition of the film on the wafer is very close to the source composition.

Evaporation Chamber:

The evaporation must take place in an evacuated chamber. If the evaporation t?ok place in air, the high
energy aluminum would combine with the oxygen in the air to form Al,05, an insulator. The chamber
itself is made of heavy wall quartz or stainless steel to withstand the low pressures that are ( 5X 16 torr, or

0.00005 mm Hg ).

Chamber design is either the familiar bell jar or the refrigerator style configuration. Bell jars have the
advantageofmaﬁmmummgmandgoodvacumnseaﬁngﬁomﬂlebonomdradg{gaskcgmmc
i tage of slower productivity due to the time required to raise and lower the jar. The front opening

styles have the opposite advantages and disadvantages. :
to

1 % 10"torr

Healer ~— -:% \ /‘ ﬁ
"':"::M' .
E i- Evaporation Source
l ll Mechanical and .I

Bell Jar (Quartz or Stainless Steel)

FI&netaw Wafer Holder

“High Vacuwum |
- 5x10%err

High Vacuum
Pumps -~
Vacuum Evaporator
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23 Via Plugs M1 = First Metal M2 = Second Metal

Figure 132 Cross section of typical planarized two-level metal VLSI
structure showing range of via depths after planarization. (Courtesy

of Solid State Technology.)

Next comes a layer of some dielectric material, called an intermetallic
dielectric. This dielectric may be a deposited oxide, silicon nitride, or a
polyimide film. This layer receives a masking step that etches contact
holes, called vies, down to the first-level metal. The whole process is
repeated, with the final structure having two or three levels of metal
connected to each other and protected by a final passivation layer. In
some schemes the via holes are filled with metals other than the main
conducting material. The particular metals for via filling are dis-
cussed in the following pages. .~ . " o .0 o

- A multileve]l metal system is more costly, of lower yield, and re-
quires greater attention to planarization of the wafer surface and in-

termediate layers to create good current-carrying leads.
-In the role of surface conductor, 2 metal must meet the following criteria:

* Good electrical current-carrying capability (current density)
» Good adhesion to the top surface of the wafer (usually SiO;)

® Ease of patterning
» Good electrical contact with the wafer material

= High purity
= Corrosion resistance

* Long-term stability -~ . . o
» Capable of deposition in uniform void- and hillock-free films

Fuses

The development of thin-film fuse technology allowed creation of the
programmable read-only memory (PROM) circuit. The fuse allows-
field programming of data in the memory section of the chip. In this
role the fuse is not a protective device, as in most electrical circuits,

but is included specifically to be “blown” or disabled.
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PAN ETCH FROCEDURE:

Pan Etch Consist the Following Parts by Volume;  ( Add Acid to Water }

H20 ~ 2 Parts
Phosphoric — 16 Parts
Acetic— 1 Parts
Nitri¢c — 1 Part

This Should Be Handled- with Safety in Mind:
1. Poura generous amount of Pan Etch mapctn dish
2, Heat solution to 40° C to 45° C
3. Carefully immerse wafer aluminum side up with tweezers

4. Begin to gently rotate wafer in solution to prevent bubbles from forming on top surface
of wafer

'NOTE: Bubbles mmay prevent the etch from removing the aluminum
5. Aluminum should begin to react immediately and remove all the exposed alumirm

depending on the thickness of the depomhom

6, When the aluminum i is etched, carefully remove the wafer and place in petri dish filled
with DI water.

7. Load wafer in wafer carrier and continue to rinse for several minutes both front and back

NOTE: Pan Eich tend to leave a clear residue
0, Inspect under microscope for clear, clean, patterns
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TECHNICS PLASMA ETCHING PROCEDURE:

2. Oxygen tark in ON

3. Main Power to Technics Machine is ON

AUTOMATIC OPERATION PROCEDURE
1. Lift chamber lid up |
2, Load the wafer to be freated
3. Carefully bring down the chamber lid
4, _Push.to Start / Stop buttalln._ This will start the Systems Automatic Sequence

THE SEQUENCE WILL BEGIN BY

1, Pumping the chamber down to the low 'se.ttpoint
2. Once the low setpoint has been reached Gas #1 .
Will turn on the Flow Controller
3. After a time delay of approximately 30 seconds the sequence will begin
4, When the timer mch& 00.0 minutes the RF power and the gases will tum OFF. The
chamber will pump down and the system will give off and audible alarm
5 With the chamber vented, 1ift chamber lid up and remove your wafer
6.  TumOFFVentValve
mTorr Pressure;
Watt Power;

Time:
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SINTER / ANNEAL PROCEDURE:

Verify that the Gas Flowirig through the Sinter / Anneal furnace is Ny
Note: Thatm&eldleConﬁguamaﬂxcmvahe:s turned facing the N

10.

Gas flow regulator should be set at 87.11 sccm ( approximately 1000 sccm )

Set temperature to furnace controller marked sintering / anneal at 400° C.
Remove quartz boat from mouth of furnace using sinter push rod.

Carefully slide boat onto boat carrier-and place on table under laminar hood.-
Load wafers to be sintered on wafer carrier

Slide mounted wafers carefully into mouth of furnace.

Wait a few seconds for wafer to adjust to furnace temp.

Slide boat usmg quartz rod up to marked line flushed with metal doorway, this w:ll place
wafer carrier to center of furnace.

Set timerto 30 MINUTES.
When time has expired slide quartz boat back to mouth of furnace.

Wait for the wafers to cool, approximately 5 minutes, remove and unload wafers.
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LABORATORY MEASUREMENT

NOTE: YOU NEED TO TEST ALL TRANSISTORS OF DIFFERENT GATE
DEMINSION TO COMPLETE YOUR EVALUATION

These laboratory handout details the measurements you need to take on your fabricated wafers. You
will be measuring various types of devices on your wafers; the metal resistor, the diffused resistors,
several N and P MOSFETS, and an inverter. Note that some of these laboratory steps do not need to
be done in front of the curve tracer, and you will save time by doing them before or after the actual

flaboratory period.

In several of the measurement steps, the probe station will be used. Your instructer will show you
how this probe station is to be operated.

NOTE: Complete and submit 4 toial tested transistors, one of each gate dimension from P-MOS and

N-MOS devices. Complete and submit data on 1 working Inverter: noting the gate
dimension used. This is a total of (8) tramsistors and 1 Inverter. In addition, complete and
submit data on a_metal resistor, a born resistor, a P+ resistor. and a P-weli resistor.

1. METAL RESISTOR MEASUREMENT

Note that only step (B) must be performed on the curve tracer.

A, Calculate the number of squares in the metal resistor. Neglect the
resistance of the pads.

B. Measure the resistance of five different metal resistors on your wafer.
Note that each resistor has nominally the same geometry.

C. Calculate the sheet resistivity of the aluminum in ochms per square,

Also, quantitatively calculate the uniformity of the sheet resistance
Based on your measurements in part B.

D. Calculate the resistivity of the aluminum in ohm-cm. (Note that you
Have to measure the aluminum thickness to get this number. Your
Instructor will help you do this). How does your value compare to
The resistivity of bulk aluminum (available in CRC handbook and
/ or at the library).

2. DIFFUSED RESISTOR MEASUREMENT

Note that only step (B) must be performed on the curve tracer. This process should be
repeated for the P+ resistor, the P-well resistor, and the boron resistor.

A. Calculate the number of squares in the diffused resistor. Neglect the
resistance of the pads.

B, Measure the resistance of five different diffused resistors on your wafer.
Note that each resistor has nominally the same geomeiry.

C. Calculate the sheet resistivity of the diffusion in ohms per square. Also,

quantitatively calculate the uniformity of the sheet resistance based on your
measurements in part B,

D. Calculate the junction depth and estimate the hole mobility by comparing
this junction depth calculation to the sheet resistivity measurement in part

(0. :



3. TRANSISTOR MEASUREMENT

Perform the following measurement on each transistor. There is a question regarding
transistor scaling at the end. You may find it faster to perform step A on all of them, then

step B, ete.

A. Determine the threshold voltage of your transistor. This can be done by
using a power supply and curve tracer and observing the gate voltage
necessary to get the drain current to rise from zero independent of the
drain voltage (with source voltage = 0).

Note: If the drain current is nonzero when the gate voltage is zero,
you have a depletion mode transistor (oops!). Otherwise, you have
an enhancement mode transistor (yes!)

B. Plot the transistor characteristic curves (drain current vs. drain voltage as
parameterized by the gate voltage). Do you see transistor action? Print or
trace your ‘best-looking’ curves, labeling all axes and curves. On the same
axes, compare the measured curves to MOSFET theory. How well do they
match?

C. Calculate the transconductance for your device, using estimated values of
dielectric constant, gate oxide thickness, and hole mobility as obtained from
Eq. 1 below along with results from part 3B. Compare the
transconductance with measurement at these five gate voltages. Is your
transistor in the saturation or linear regime during these measurements?
Try to get it saturated if possible. (Make sure you compare all transistors
at similar conditions). Does the transconductance change as you change the
gate voltage?

D. Compare how your measurements scale with varying W/L ratio of your
transistors. '

Ty = &%— [Ves - V]

]

Note: Be sure that measurements of gm for transistors of differing W/L ratios are compared at the same gate voltages



4. CMOS INVERTER MEASUREMENT

The CMOS inverters on your wafers have the following appearance (top view):

-, Input .
/ Lo - l VSS
y /
] O
C O|| 7 NMos
device
p-well
PMOS
device
QOutput
= .p. Vop
] O
| O

A. Choose any inverter on your wafer. Determine and record the width and length of the NMOS
and PMOS transistors which comprise the inverter. (The length is either 20 pm or 60 pm. The
width of each device is 200 pm). _



B. Using the HP 6225A dual power supply (the two supply voltages are labelled Vpy, and Vg,
respectively, in the figure below), connect this inverter in the following circuit configuration:

Vop

a

Vss

C. SB[VDD—S VandVSS—OV

D. Using the Tenma power supply, sweep Vg from0to 5 Vin 0.5V mcremcnts Usmg the digital
multimeter, measure and record Vo for each value of VIN

E. Plot the voltage transfer charactcnstlc {VTC) of your inverter (Vo V8. Vi) using the above

data.
F. Based on the VTC plot, estimate and record Vou VoL VIHs and VOL Compute the noise mar-

gins of this inverter (NMy; and NMj ).
G. Compare your results to theoretical values and try to explain any discrepancies.*

*Note: Your measured VTC is likely to be very far from ideal. Credit will be given for plausible
(but not necessarily cotrect) explanations of the discrepancies






