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WARRANTY

Keithley Instruments, Inc. warrants this product to be free from defects in material and workmanship for a period of 1 year
from date of shipment.

Keithley Instruments, Inc. warrants the following items for 90 days from the date of shipment: probes, cables, rechargeable
batteries, diskettes, and documentation.

During the warranty period, we will, at our option, either repair or replace any product that proves to be defective.

To exercise this warranty, write or call your local Keithley representative, or contact Keithley headquarters in Cleveland, Ohio.
You will be given prompt assistance and return instructions. Send the product, transportation prepaid, to the indicated service
facility. Repairs will be made and the product returned, transportation prepaid. Repaired or replaced products are warranted for
the balance of the original warranty period, or at least 90 days.

LIMITATION OF WARRANTY

This warranty does not apply to defects resulting from product modification without Keithley’s express written consent, or
misuse of any product or part. This warranty also does not apply to fuses, software, non-rechargeable batteries, damage from
battery leakage, or problems arising from normal wear or failure to follow instructions.

THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE. THE REMEDIES PRO-
VIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES.

NEITHER KEITHLEY INSTRUMENTS, INC. NOR ANY OF ITS EMPLOYEES SHALL BE LIABLE FOR ANY DIRECT,
INDIRECT, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OF ITS
INSTRUMENTS AND SOFTWARE EVEN IF KEITHLEY INSTRUMENTS, INC., HAS BEEN ADVISED IN ADVANCE
OF THE POSSIBILITY OF SUCH DAMAGES. SUCH EXCLUDED DAMAGES SHALL INCLUDE, BUT ARE NOT LIM-
ITED TO: COSTS OF REMOVAL AND INSTALLATION, LOSSES SUSTAINED AS THE RESULT OF INJURY TO ANY
PERSON, OR DAMAGE TO PROPERTY.
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MEIEMSY Safety Precautions

The following safety precautions should be observed before using
this product and any associated instrumentation. Although some in-
struments and accessories would normally be used with non-haz-
ardous voltages, there are situations where hazardous conditions
may be present.

This product is intended for use by qualified personnel who recog-
nize shock hazards and are familiar with the safety precautions re-
quired to avoid possible injury. Read and follow all installation,
operation, and maintenance information carefully before using the
product. Refer to the manual for complete product specifications.

If the product is used in a manner not specified, the protection pro-
vided by the product may be impaired.

The types of product users are:

Responsible body is the individual or group responsible for the use
and maintenance of equipment, for ensuring that the equipment is
operated within its specifications and operating limits, and for en-
suring that operators are adequately trained.

Operators use the product for its intended function. They must be
trained in electrical safety procedures and proper use of the instru-
ment. They must be protected from electric shock and contact with
hazardous live circuits.

Maintenance personnel perform routine procedures on the product
to keep it operating properly, for example, setting the line voltage
or replacing consumable materials. Maintenance procedures are de-
scribed in the manual. The procedures explicitly state if the operator
may perform them. Otherwise, they should be performed only by
service personnel.

Service personnel are trained to work on live circuits, and perform
safe installations and repairs of products. Only properly trained ser-
vice personnel may perform installation and service procedures.

Keithley products are designed for use with electrical signals that
are rated Installation Category I and Installation Category II, as de-
scribed in the International Electrotechnical Commission (IEC)
Standard IEC 60664. Most measurement, control, and data I/O sig-
nals are Installation Category I and must not be directly connected
to mains voltage or to voltage sources with high transient over-volt-
ages. Installation Category II connections require protection for
high transient over-voltages often associated with local AC mains
connections. Assume all measurement, control, and data I/O con-
nections are for connection to Category I sources unless otherwise
marked or described in the Manual.

Exercise extreme caution when a shock hazard is present. Lethal
voltage may be present on cable connector jacks or test fixtures. The
American National Standards Institute (ANSI) states that a shock
hazard exists when voltage levels greater than 30V RMS, 42.4V
peak, or 60VDC are present. A good safety practice is to expect
that hazardous voltage is present in any unknown circuit before
measuring.

Operators of this product must be protected from electric shock at
all times. The responsible body must ensure that operators are pre-
vented access and/or insulated from every connection point. In
some cases, connections must be exposed to potential human con-
tact. Product operators in these circumstances must be trained to
protect themselves from the risk of electric shock. If the circuit is
capable of operating at or above 1000 volts, no conductive part of
the circuit may be exposed.

Do not connect switching cards directly to unlimited power circuits.
They are intended to be used with impedance limited sources.
NEVER connect switching cards directly to AC mains. When con-
necting sources to switching cards, install protective devices to lim-
it fault current and voltage to the card.

Before operating an instrument, make sure the line cord is connect-
ed to a properly grounded power receptacle. Inspect the connecting
cables, test leads, and jumpers for possible wear, cracks, or breaks
before each use.

When installing equipment where access to the main power cord is
restricted, such as rack mounting, a separate main input power dis-
connect device must be provided, in close proximity to the equip-
ment and within easy reach of the operator.

For maximum safety, do not touch the product, test cables, or any
other instruments while power is applied to the circuit under test.
ALWAYS remove power from the entire test system and discharge
any capacitors before: connecting or disconnecting cables or jump-
ers, installing or removing switching cards, or making internal
changes, such as installing or removing jumpers.

Do not touch any object that could provide a current path to the com-
mon side of the circuit under test or power line (earth) ground. Always
make measurements with dry hands while standing on a dry, insulated
surface capable of withstanding the voltage being measured.

The instrument and accessories must be used in accordance with its
specifications and operating instructions or the safety of the equip-
ment may be impaired.

Do not exceed the maximum signal levels of the instruments and ac-
cessories, as defined in the specifications and operating informa-
tion, and as shown on the instrument or test fixture panels, or
switching card.

When fuses are used in a product, replace with same type and rating
for continued protection against fire hazard.

Chassis connections must only be used as shield connections for
measuring circuits, NOT as safety earth ground connections.

If you are using a test fixture, keep the lid closed while power is ap-
plied to the device under test. Safe operation requires the use of a
lid interlock.
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If @ or ,-,7 is present, connect it to safety earth ground using the
wire recommended in the user documentation.

The A symbol on an instrument indicates that the user should re-
fer to the operating instructions located in the manual.

The A symbol on an instrument shows that it can source or mea-
sure 1000 volts or more, including the combined effect of normal
and common mode voltages. Use standard safety precautions to
avoid personal contact with these voltages.

The WARNING heading in a manual explains dangers that might
result in personal injury or death. Always read the associated infor-
mation very carefully before performing the indicated procedure.

The CAUTION heading in a manual explains hazards that could
damage the instrument. Such damage may invalidate the warranty.

Instrumentation and accessories shall not be connected to humans.

Before performing any maintenance, disconnect the line cord and
all test cables.

To maintain protection from electric shock and fire, replacement
components in mains circuits, including the power transformer, test
leads, and input jacks, must be purchased from Keithley Instru-
ments. Standard fuses, with applicable national safety approvals,
may be used if the rating and type are the same. Other components
that are not safety related may be purchased from other suppliers as
long as they are equivalent to the original component. (Note that se-
lected parts should be purchased only through Keithley Instruments
to maintain accuracy and functionality of the product.) If you are
unsure about the applicability of a replacement component, call a
Keithley Instruments office for information.

To clean an instrument, use a damp cloth or mild, water based
cleaner. Clean the exterior of the instrument only. Do not apply
cleaner directly to the instrument or allow liquids to enter or spill
on the instrument. Products that consist of a circuit board with no
case or chassis (e.g., data acquisition board for installation into a
computer) should never require cleaning if handled according to in-
structions. If the board becomes contaminated and operation is af-
fected, the board should be returned to the factory for proper
cleaning/servicing.



MODEL 82-DOS SPECIFICATIONS

ANALYSIS CAPABILITIES

CONSTANTS: Flatband Cand V
Threshold Voltage
Bulk Doping
Effective Oxide Charge
Work Function
Doping Type
Average Doping
Best Depth
GRAPHICS:
Measured: Simultaneous C vs. Gate Voltage
High Frequency C vs. Gate Voltage
Quasistatic C vs. Gate Voltage
Conductance vs, Gate Voltage
Q/t Current vs. Gate Voltage
Quasistatic C and Q/t Current vs. Delay Time
Interface Trap Density vs. Trap Energy
Doping vs. Depletion Depth
Ziegler (MCC) Doping vs. Depth
Depletion Depth vs. Gate Voltage
High Frequency 1/C? vs. Gate Voltage
Band Bending vs. Gate Voltage
High Frequency C vs. Band Bending
Onuasistatic C vs. Band Bending

Calculated:

VOLTAGE MEASUREMENT
ACCURACY (1 Year, 18°-28°C): (0.05% rdg + 50mV).
RESOLUTION: 10mV.

TEMPERATURE COEFFICIENT (0°-18° & 28°-40°C):
£(0.005% + ITmV}/°C.

VOLTAGE SOURCE
P-P NOISE!
VOLTAGE 0.1 Hz to 10 Hz) RESOLUTION
20V 150 pv 10 mV
>20V 10120V 250 uv 100V
'Typically 3 mV up to 75 MHz.

MAXIMUM SWEEP SPAN, [V, -V o, 1: 40V,

MAXIMUM OUTPUT CURRENT: 2mA (0%, +20%).

SWEEP STEP VOLTAGE SELECTIONS: 10mV, 20mV, 50mV, 100mV.
DC OUTPUT RESISTANCE: <100Q.

QUASISTATIC CAPACITANCE"

ACCURACY
RESO- (1 Year, 18°-28°C) NOISE P-P
RANGE  LUTION +(%rdg + pF} (typical}
200 pF 10 fF 1.0+01 (0.12% rdg + 0.13 pF) x
{100 mV /STEP V) + 0.01 pF
2nF 100 fF 08+02 (0.09% 1dg + 0.13 pF) %

(100 mV/STEF V) + 0.1 pF

TEMPERATURE COEFFICIENT {0°-18° & 28°-40°C)
+{0.02% rdg + 0.1 pF)/°C.

HIGH FREQUENCY CAPACITANCE*

100 kHz: TEMPERATURE
ACCURACY COEFFICIENT
RESQ- (1 Year, 18°28°C)  (0°-18° & 28°~40°C)  NOISE
RANGE LUTION  x(%rdg + pF) £(%rdg)/°C P-P
200 pF 10 fF 0.7 +0.05 0.03 180 fF
2nF 100 fF 0.9 +0.5 0.08 1800 {F
1MHz: TEMPERATURE
ACCURACY COEFFICIENT
RESO- (1 Year, 18°-28°C)  {0°-18° & 28°—40°C) NOISE
RANGE LUTION  (%edg + pB) HBrdg)C P-P
200 pkE 10 fF 0.9 +0.05 0.03 200 F
2nF 100 fF 14+05 0.14 400 {F

SHUNT CAPACITANCE LOADING EFFECT: 0.1% of reading addi-
tional error per 100pF load with equal shunt load oninputand output.

TEST VOLTAGE: 15mV rms + 10%.

TEST FREQUENCY TOLERANCE: 20.1%.

*NOTES

Spedfications are based on paratle]l RC model and Quality Factor 220.

Assumes proper cable correction and open circuit suppression.

Quasistatic capacitance accuracy is exclusive of noise, for STEP V = 0.05V and
DELAY TIME < 1 second. For other parameters, derate by (SmV/STEP V} x
(DELAY TIME/ 1 second} in pF at 23°C. Double the derating for every 10°Crise in
ambient temperature above 23°C.

Typicat allowable non-equilibrium current plus leakage current: <20pA on 200pF
range; <200pA on 2nF range during capacitance measirements.

GENERAL

READING RATES: 4-1/2readings persecond to onereading every 400
seconds.

DATA BUFFER: 1000 points maximum.

GRAPHICAL OUTPUTS: Computer display or digital plotter support-
ing HPGL with IEEE-488 interface; also “screen copy” to compatible
printer.

DIGITAL ¥O: Consists of one output, four inputs, +5V (series limited
with 3302), and COMMON referenced to IEEE-488 COMMON. Qut-
put will drive one TTL load. Inputs represent one TTL load.

MAXIMUM INPUT: 30V peak, DC to 60Hz sine wave.

MAXIMUM COMMON MODE VOLTAGE: 30V maximum, DC to
60Hz sine wave.

OPERATING ENVIRONMENT: 0° to 40°C, 70% non-condensing RH
up te 35°C.

STORAGE ENVIRONMENT: -25° to +65°C.

WARM-UP: 2 hours to rated accuracy.

Specifications subject to change without notice.

MINIMUM COMPUTER CONFIGURATION:
IBM AT, PS/2, or 100% compatible 1205 3.2 or greater
640k of memory Hard disk drive
CGA, EGA, VGA, or Hercules Graphics adapter.

TEEE-488 (GPIB) INTERFACE CARDS SUPPORTED:

Using IOtech Driverd88 software V2,60 or earlien
Capital EquipmentPC-488, 4x488; IBM GPIB Adapter; IOtech GP488,
GP488A, GP488B+, MP488, MP488CT: Keithley PC488-CEC, 4-488-
CEC-0M, 4-488-CEC-1M; Metrabyte KM488-1D1), KM488-ROM; Na-
tional Instruments PC-II, PC-IIA, PC-III.

Using 10tech Driverd88 software V2.61:
IOtech GP488B+, MP488, MP488CT

IOtech Pexsonal 488/2 is required for PS/2 operation.

MODEL 82-DOS COMPONENTS:

Model 230-1:  Programmable Voltage Source

Model 595: Quasistatic CV Meter

Model 590: 100k /1M CV Analyzer

Model 5909 Calibration Sources

Model 5957:  Model 82-DOS CV Software and Manual
Model 5951:  Remote Input Coupler—Includes Models:

4801:  Low Noise BNC Cable, 1.2m (4 ft.) (5 supplied)
7007-1: Shielded IEEE488 Cable, 1m (3.3 ft.) (2 supplied)
7007-2: Shielded IEEE-488 Cable, 2m (6.6 ft.) (1 supplied)
7051-2:  RG-58CBNC to BNC Cable, 0.6m (2 ft.) (3 supplied)



MODEL 5957 SIMULTANEOUS C-V SOFTWARE

OVERVIEW

INSTRUMENTS CONTROLLED; Model 590/100k/1M C-V Analyzer,

Model 595 Quasistatic C-V Meter, Model 230-1 Voltage Source.

SYSTEM ACCESSORIES SUPPORTED: Model 5951 Remote Input

Coupler (controlled through the Model 230-1) and Model 5909 Calibra-

tion Capacitors.

TESTS: Controls instruments to acquire and analyze C-V data.
Simultaneous Quasistatic and High Frequency C-V Measurement

The KI82CV program controls the Model 82-DOS system to measure
high frequency and quasistatic C-V in the same voltage sweep.

High Frequency C-V Measurement: The KI5S90CV program controls the
Model 590/100k /1M to measure 100kHz or IMHz capacitance and
concluctance (or resistance) versus voltage.

Quasistatic C-V Measurement: The KIB95CV program controls the
Model 595 to measure quasistatic capacitance and Q/t versus voltage.

DATA DISPLAY: Graphic or list display of data arrays. Tabular display

of calculated parameters,

FILES:

C-V Parameter File ({PAR): Contains all setup parameters for C-V
Measurements.

Data Destination Files (DAT): Each contains C-V curve data, user-
input device parameters, and derived results. Compatible with
Model 5958.

Cable Calibration File (PKG82CAL.CAL): Contains reference capaci-
tor values and calibration constants to calibrate particular range and
frequency combinations of the Model 590/100k /1M and Model 595.

Material Constants File (MATERIAL.CON): Specifies material con-
stants to be used in analysis such as insulator and semiconductor
permittivity, bandgap energy, intrinsic carrier concentration, metal
work function, and electron affinity.

CAPACITANCE MEASUREMENT CAPABILITY:

Test Signal Frequency: Quasistatic and 100kHz or IMHz.

Quasistatic Measurement Ranges: 200pF and 2000pF.

100kHz Measurement Ranges: 200pF/200uS, and 2nF/2mS.

IMHz Measurement Ranges: 200pF/2mS, 2nF/20mS.

Bias Voltage: 120V maximum using Model 595 internal voltage source
coupled with Model 230-1 external voltage source.

Bias Voltage Waveform: Stair waveform.

Selectable measurement filter, quasistatic capacitance leakage current

correction, and series or parallel device model.

CABLE CALIBRATION PROGRAM: The CABLECAL.EXE Utility con-
trols the Model 590 to correct for cable conneciion path effects. The menu-
driven utility stores reference capacitor values and measured cable
calibration parameters for the Model 590 in the PKG82CAL.CAL file.
During Model 5957 execution, these parameters are sent to the Model 590
from the file,

ANAILYSIS
KIS2CV PROGRAM:

MIS Analysis Constants: Oxide capacitance and thickness, gate area,
series resistance, equilibrium minimum capacitance, average doping,
bulk doping, bulk potential, Debye length, flatband capacitance and
voltage, work function difference, threshold voltage, effective oxide
charge and charge conceniration, device type, best depth, and
capacitance gain and offset.

Doping Profile; Interface trap corrected depletion approximation dop-
ing versus depletion depth and depth versus gate voltage, Ziegler
method Majority Carrier Corrected (MCC) doping profile.

Interface Trap Density: Interface trap density versus trap energy, band
bending versus gate voltage and capacitance versus band bending,

KI590CV PROGRAM:

MIS Analysis Constants: Oxide capacitance and thickness, gate area,
series resistance, equilibrium minimum eapacitance, average doping,
bulk doping, bulk potential, Debye length, flatband capacitance and
voltage, work function difference, threshold voltage, effective oxide
charge and charge concentration, device type, best depth, and capaci-
tance gain and offset.

Doping Profile: Depletion approximation doping versus depletion
depthand depth versus gate voltage, Ziegler method Majority Carrier
Corrected MCC) doping profile.

KI595CV PROGRAM:

MIS Analysis Constants: Oxide capacitanceand thickness, gate area and
capacitance gain and offset.

FILEMERGEPROGRAM: The FILEMRG.EXEutility combines guasistatic
C-V data from the Model 5957V2.0 with high-frequency C-V data
fromKI590CV or from the Model 5958 to create a data file (DAT) suitable
for analysis by both the Model 5957V2.0 and Model 5958.

SYSTEM REQUIREMENTS

RECOMMENDED COMPUTER CONFIGURATION: IBM compatible
80386 with 80287 or 80387 math coprocessor and disk cache, 640kB RAM,
hard disk drive, 1.ZMB 5%-inch or 720kB 3l2-inch floppy drive, EGA or
VGA monitor, Microsoft or Logitech mouse.

MINIMUM COMPUTER CONFIGURATION: IBM AT, P5/2, or 100%
compatible, 640kB RAM, hard disk drive, 1.2MB 5l4-inch or 720kB 3l2-
inch floppy drive.

OPERATING SYSTEM: MS-DOS or PC-DOS 3.2 {minimum).

GRAPHICS ADAPTER: CGA, EGA, VGA (EGA mode), or Hercules
Graphics Adapter.

MEMORY and DISK STORAGE REQUIREMENTS: 3MB of hard disk
space (prior to installation} and 500KB free conventional RAM.

IEEE-488 (GPIB} INTERFACE CARDS SUPPORTED:

Using IOtech Driver 488 software V2.60 or earlier:
Capital Equipment PC-488, 4x488; IBM GPIB Adapter; IOtech GP488,
GP488A, GP488B+, MP488, MP488CT; Keithley PC-488-CEC, 4-488-
CEC-0M, 4-488-CEC-1M: Metrabyte KM488-DD, KM488-ROM;
National Instruments PC-II, PC-TIA, PC-TI.

Using IOtech Driver 488 software V2.61:
10tech GP488B+, MIP488, MP488CT.

10tech Personal 488/2 is required for PS/2 operation.

COMPATIBLEPRINTERS: Cannon BJ8(; C.Itoh Prowriter; C. Ttoh 24LQ;
Epson FX, RX, MX, LQ1500; HP Think Jet, Laser Jet+; IBM Graphic or
Professional; NEC 8023, 8025; WNEC Pinwriter P Series; Okidata 92,93,
192+; Smith Corona D100; Tekironix 4695/6; Tashiba 24 pin.

COMPATIBLE PLOTTERS: Epson HI-80; Hewlett-Packard 7470, 7475,
7440; Houston DMP-XX; Roland DXY-800; Watanabe Digi-Plot.

COMPATIBLE MOUSE: Microsoft or Logitech mouse with MOUSE.SYS
installed.

MATERIALS PROVIDED:
Instruction manual.

Diskettes containing installabion, programs, source code, and sample
data.

*Note: Microsoft BASIC 7.1 required to modify source code.

Specifications subject to change without notice.
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SECTION 1

General Information

1.1 INTRODUCTION

This section contains overview information for the
Model 82-DOS Simultaneous C-V systemand is arranged
as follows:

1.2 Features

1.3 Warranty Information

1.4 Manual Addenda

1.5 Safety Symbols and Terms
1.6  Specificafions

17 Unpacking and Inspection
1.8 Repacking for Shipment
1.9 Computer Requirements
1.10 Service and Calibration
111 Optional Accessories

1.2 FEATURES

Model 82-DOS is a computer-controlled system of instru-
ments designed to make simultaneous quasistatic C-V
and high frequency (100kHz and 1IMHz) C-V measure-
ments on semiconductors. Each system includes a Model
590 C-V Analyzer for high-frequency C-V measure-
ments, and a Model 595 Quasistatic C-V Meter, along
with the necessary input coupler, connecting and control

cables, and cable calibration sources. A Model 230-1 Volt-
age Source is also included.

Key Model 82-DOS features include:

Remote input coupler to simplify connections to the
device under test. Both the Model 595 and the Model
590 are connected to the device under test through the
coupler, allowing simulianeous quasistatic and high
frequency measurement of device parameters with
negligible interaction between instruments.

Supplied menu-driven software allows easy collection
of C, G, V, and Q/t data with a minimum of effort. No
computer programming knowledge is necessary to
operate the system.

Data can be stored on disk for later reference or analy-
sis.

File merge utility allows sequentially-measured
quasistatic and high-frequency C-V data to be com-
bined for later analysis.

Graphical analysis capabilities allow plotting of data
on the computer display as well as hard copy graphs
using an external digital plotter. Graphical analysis for
such parameters as doping profile and interface trap
density vs. trap energy is provided.

Supplied external voltage source (Model 230-1) ex~
tends the DC bias capabilities to £120V.

Supplied calibration capacitors to allow compensation
for cable effects that would otherwise reduce the accu-
racy of 100kHz and 1MFIz measurements.
Allnecessary cables are supplied for easy system hook

'I.lp.
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* Supplied INSTALL program simplifies software in-
stallation.

¢ Supplied cable calibration utility corrects for cabling
effects.

1.3 WARRANTY INFORMATION

Warranty information is Jocated on the inside front cover
of this instruction manual. Should you require warranty
service, contact your Keithley representative or the fac-
tory for further information.

1.4 MANUAL ADDENDA

Any improvements or changes concerning the Model
82-DOS or this instruction manual will be explained cn a
separate addendum supplied with the package. Please be
sure to note these changes and incorporate them into the
manual before operating or servicing the system.

Addenda concerning the Models 230-1, 590, 595, and
5909 will be packed separately with those instruments.

1.5 SAFETY SYMBOLS AND TERMS

The following safety symbols and terms may be found on
one of the instruments or used in this manual:

The A symbol on an instrument indicates that you

should consult the operating instructions in the associ-
ated manual.

The WARNING heading used in this and other manuals
cautions against possible hazards that could lead to per-
sonal injury or death. Always read the associated infor-
mation very carefully before performing the indicated
procedure.

A CAUTION heading outlines dangers that could dam-~
age the instrument. Such damage may invalidate the
warranty.

1.6 SPECIFICATIONS

Detailed specifications for the Model 82-IDO5 system can
be found at the front of this manual. Specifications for the
individual instruments are located in their respective in-
struction manuals.

1.7 UNPACKING AND INSPECTION

1.7.1 Unpacking Procedure

Upon receiving the Model 82-DOS, carefully unpack all
instruments and accessories from their respective ship-
ping cartons, and inspect all items for any obvious physi-
cal damage. Report any such damage to the shipping
agent at once. Save the original packing cartons for possi-
ble future reshipment.

1.7.2  Supplied Equipment

Table 1-1 summarizes the equipment supplied with the
Model 82-DOS system.

Table 1-1. Supplied Equipment

Quantity { Description Application
1 230-1 Voltage Source Supply £100V DC offset, control 5951 frequency
1 590 C-V Analyzer Measure 100kHz, IMHz C and G
1 595 Quasistatic C-V Meter Measure C, Q/1; supply staircase bias waveform
1 5951 Remote Input Coupler Connect 590 and 595 to DUT
1 5909 Capacitance Sources System configuration/calibration
5 4801 Low noise BNC cables (4") Connect 5951 to DUT and instrurments
3 7051-2 BNC cables Connect instrument control and voltage signals
2 7007-1 Shielded IEEE-488 cables (1m) Connect instruments to bus
1 7007-2 Shielded TEEE-488 cable (2m) Connect controller to instrument bus
1 5957 C-V Software Package and manual | Control Model 82 system
1 10tech Driver488 Software and manual | IEEE-488 bus software driver.
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1.8 REPACKING FOR SHIPMENT

Should it become necessary to return any of the instru-
ments for repair, carefully pack them in their original
packing cartons (or the equivalent), and be sure to in-
clude the following information:

» Advise as to the warranty status of the equipment.
+ Write ATTENTION REPAIR DEPARTMENT on the

shipping label.
¢ TFill out and include the service form which is located at
the back of this or one of the other instruction manuals.

1.9 COMPUTER REQUIREMENTS

The following paragraphs discuss minimum computer
requirements, supported graphics and interface cards,
supported plotters and printer, and required system soft-
ware.

Table 1-2. Computer Hardware Requirements

Description Requirements

Computer IBM AT, P3/2, or compatible*

Minimum RAM 640KB

Disk drives Hard drive, one 1.2MB 5-1 /4"
or 720KB 3-1/2" floppy disk
drive

Monitor/graphics Color or monochrome (see

card Table 1-3)

Instrument interface | IEEE-488 (see Table 1-4)

Plotter /printer inter- | Serial, parallel, or IEEE-488

face (see Table 1-5, 1-6}

*Compatible 386-based machines such as the Compaq 386 can also
be used. NOTE: When using Compaq portable, select IBM graphics
mode (see Compaq manual). Compaq graphics are not supported.

1.9.1 Computer Hardware Requirements
Model 82-D0OS is intended to runonan IBM AT, PS/2, or
compatible computer. Compatible 386-based machines
such as the Compaq 386 can also be used. Table 1-2 sum-
marizes therequired AT computer configuration, includ-
ing minimum RAM, disk drive complement, and inter-
faces required.

NOTE
Although not required, a coprocessor is rec-
ommended to minimize analysis calculation

fimes. A 386-based computer is recom-
mended for best performance,

1.8.2  Supporied Graphics Cards

Table 1-3 summarizes the graphics cards supported by
Model 82-DOS.

Table 1-3. Graphics Cards Supported by
Model 82-DOS

Graphics Boards

IBM CGA or 100% compatible

IBM EGA or 100% compatible

IBM VGA or 100% compatible (EGA mode)
Tseng EVA

Tecmar Graphics Master

Hercules Monochrome or 100% compatible
TeleVideo AT

TeleVideo HRCGB

Sigma Color 400

AT & T 6300

Corona PC

Corona PC440

Corona ATP

H.P. Vectra

T. L Professional

Genoa SuperEGA HiRes

NOTE: VGA operates in EGA mode.

1.9.3 Supported IEEE-488 Interfaces

The computer must be equipped with a suitable IEEE-488
interface so that it can communicate with the Models

230-1, 590, and 595. Table 1-4 summarizes IEEE-488 inter-
faces supported by Model 82-DOS.

Table 1-4. IEEE-488 Interfaces Supported
by Model 82-DOS

Interface Manufacturer
GP488/GP488A./ IOtech
Power488
PCII, PCIIA, or PCIII | National Instruments
PC488 and 4488-CEC | Keithley Instruments
GPIB IBM
GP488/2* I1Otech

*For P5/2 computers
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Recommended Printers and
Plotters

1.8.4

In order to obtain hard copy plots of your curves, it will
be necessary for you to connect a suitable printer or plot-
ter to the serial or parallel port of your computer.
Table 1-5 summarizes recommended printers, and
Table 1-6 summarizes recommended plotters. Note that
the plotters must support HPGL graphics language.

Table 1-5. Recommended Printers

Printer

NEC 8023, 8025, C. Itoh Prowriter

Cannen BJ80, Epson FX, RX

Okidata 92, 93

Smith Corona D100, Epson MX, IBM Graphics
Tektronix 4695/6

C. Itoh 2410, Toshiba 24 pin

Epson LQ1500, HP Laser Jet+*

Okidata 192+

HP Think Jet

NEC Pinwriter

*Compatible HI laser printers may also be used.

Table 1-6. Recommended Plotters

Plotter

Hewlett-Packard 7470, 7475, 7440
Watanabe Digi-Plot

Houston DMP-XX

Roland DXY-800

Epson HI-80

NOTE: All plotters must support HPGL graphics
language.

Additional plotter and printer requirements, including
how to configure the software for the plotter and printer
type, and maximum resolutions are discussed in para-
graph 2.4.8.

1.9.5 System Software Requirements

As summarized in Table 1-7, the required installed sys-
tem software includes MS-DOS or PC-DOS (version 3.2
or higher). IOtech Driver488 is supplied with Model
82-DOS. Microsoft BASIC 7.1 (not supplied) is required
only if you intend to modify the software in some way.

Additional information on software installation is cov-
ered in paragraph 2.4,

Table 1-7. System Software Requirements

Software Comments

MS-DOS or PC-DOS, Version 3.2 or higher } Operating system
Microsoft BASIC, Version 7.1% Compile/link source code
I0tech Driverd88** or Driver488/2 IEEE-488 interface driver

*BASIC 7.1 is not supplied and is required only for those who wish to modify one of the programs.

“*Driverd88 is supplied with Model 82-DOS,
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1.10 SERVICE AND CALIBRATION

Service and calibration information on the Models 590,
595, and 230-1 can be found in their respective manu-
als.The Model 5951 Remote Input Coupler cannot be cali-
brated or repaired by the user, so it must be returned to
the factory or authorized service center for repair or cali-
bration. If the Model 5951 is to be returned, proceed as
follows:

1. Complete the service form at the back of the manual
and include it with the unit,

2. Carefully pack the unitin the original packing carton
or its equivalent.

3, Write ATTENTION REPAIR DEPARTMENT on the
shipping label.

1.11 OPTIONAL ACCESSORIES

1.11.1 Connecting Cables

Model 4801 Low-noise Cable: Low-noise coaxial cable,

1.2m (48 in.) in length, with a male BNC connector on
each end.

Model 4803 Low-noise Kit: Includes 15m (50 ft.) of low-
noise coaxial cable, 10 male BNC connectors, and five fe-
male chassis-mount BNC connectors.

Model 7007 Shielded IEEE-488 Cables: Shielded
IEEE-488 cables with a shielded connector on each end

(metric). Available as Model 7007-1 (1m, 3.3 ft. long), and
Model 7007-2 (2m, 6.6 ft. long).

Model 7051 BNC to BNC Cables: 5052 (RG-58C) BINC to
BNC coaxial cables, available as Model 7051-2 (0.6m, 2 ft.
long), Model 7051-5 (1.5m, 5 ft. long), and Model 7051-10
(3m, 10 ft. long).

1.11.2 Rack Mount Kits

Model 1019A-2 Fixed Rack Mount Kit: Mounts the Mod-
els 230-1 and 595 side by side in a standard 19-inch rack or
equipment cabinet.

Model 2288 Fixed Rack Mount Kit: Mounts the Model
590 in a standard 19 inch rack or equipment cabinet.

Model 8000-14 Equipment Cabinet: A standard 14-inch
high, 19 inch wide equipment cabinet, which can be used
to enclose the Model 82-D0OS instruments. Rack mount
kits (above) are also required.

1.11.3 Software Utilities

The Model 5958 C-V Software Utlities add BTS (bias
temperature stress) and Zerbst (C-t measurement and
analysis) capabilities to the Model 82-DOS5. A user-sup-
plied Temptronic 0315B Thermochuck is required for the
BTS utility.

15
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Getting Started

2.1 INTRODUCTION

Section 2 contains introductory information to heip you
get your system up and running as quickly as possible.
Section 3 contains more detailed information on using
the Model 82-DOS system.

Section 2 contains:

2.2 Hardware Configuration: Details system hardware
configuration, cable connections, and remote input
coupler mounting.

2.3 System Power Up: Covers the power up procedure
for the system, environmental conditions, and
warm up periods.

24 Computer Hardware and Software Installation:
Qutlines methods for installation of the computer
software and hardware.

2.5 Software Overview: Describes the purpose and
overall configuration of the Model 82-DOS soft-
ware.

2.6 System Checkout: Gives the procedure for checking
out the system to ensure that everything is working

properly.

2.2 HARDWARE CONFIGURATION

The system block diagram and connection procedure are
covered in the following paragraphs.

2.2.1 System Block Diagram

An overall block diagram of the Model 82-DOS system is
shown in Figure 2-1. The function of each instrument is
as follows:

Model 230-1 Voltage Source: Supplies a DC offset volt-
age of up to+100V, and also controls operating frequency
of the Model 5951 Remote Input Coupler.

Model 590 C-V Analyzer: Supplies a 100kHz or 1IMHz
test signal and measures capacitance and conductance
when making high-frequency or simultaneous C-V
measurements.

Model 595 C-V Meter: Measures low-frequency (quasis-
tatic) capacitance and Q/t, and also supplies the stepped
bias waveform (+20V maximum} for simultaneous low-
and high-frequency C-V measurement sweeps.

2-1
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Qutput To 590 Output 5951 Output .
590 4801
—> C-V Ana|yzer Input To 590 Input Remote IanIt Input S
Coupler
= | 4801 4801 —
External xterna ucl
Trigger Bias To 100K/ 1M {User Supplied)
Input Input 595 Frequency
. Meter Sefect
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Figure 2-1.  System Block Diagram

Model 5951 Remote Input Coupler: Connects the Model
590 and 595 inputs to the device under test. The input
coupler contains tuned circuits to minimize interaction
between low- and high-frequency measurements.

Computer (IBM AT or PS/2): Provides the user interface
to the systern and controls all instruments over the
IEEE-488 bus, processes data, and allows graphing of re-
sults.

Model 5909 Calibration Set: Provides capacitance refer-
ence sources for cable correcting the system fo the test fix-
ture.

2.2.2 Remote Input Coupler

The Model 5951 Remote Coupler is the link between the
test fixture (which contains the wafer under test) and the

measuring instruments, the Models 590 and 595. The unit
not only simplifies system connections, but also contains
the dircuitry necessary to ensure minimal interaction be-
tween the low-frequency measurements made by the
Model 595, and the high-frequency measurements made
by the Model 590.

The front and rear panels of the Model 5951 are shown in
Figure 2-2 and Figure 2-3 respectively. The front panel
includes input and output jacks for connections to the de-
vice under test, as well as indicators that show the se-
lected test frequency (100kHz or IMHz) for high-fre-
quency measurements. The rear panel includes abinding
post for chassis ground, BNC jacks for connections to the
Models 590 and 595, a ribbon cable connector (which con-
nects to the Model 230-1 digital 1/O port), and a digital
1/0 port edge connector providing one TTL output, four
TTL inputs, digital common, and +5V DC,
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4 [ 5951 REMOTE INPUT COUPLER )
OUTPUT INPUT
200V MAX 30V PEAK
100kHz 1MHz
o a
I 1
\. —/
® ®
OUTPUT and INPUT — BNC jacks used to con- WARNING
nect the Model 5951 to the test fixture containing  Maximum voltage between the outer shell of the BNC
the device under test. jacks and earxth ground is 30V RMS. Maximum OUT-
. PUT voltage is 200V; maximum INPUT voltage is 30V
@ Frequency indicators (100kHz and 1MHz) — peak. Exceeding these values will create a shock haz-

Shows the selected test frequency for high-fre- ard.
quency C-V measurements.

Figure 2-2.  Model 5951 Front Panel
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Figure 2-3.

7

CHASSIS

TO 230-1 DIGITAL /O DIGITAL 'O

12 7

l_ SYSTEM SIGHNAL CONNECTIONS ——I

o)

Q 590
INPUT

TO 590 TO 588

METER INPUT

)

® ®

CHASSIS binding post — Provides a convenient
connection to chassis ground of the Model 5951.

WARNING

Connect CHASSIS to earth ground to avoid a possible
shock hazard. Use #16 AWG or larger wire.

Ribbon cable— Connects to the Model 230-1 digi-
talI/O port for frequency switching of the remote
coupier.

DIGITAL I/O— Passes through the Model 230-1
digital I/O port signals for control and sensing of
other components (for example, light control and
door closed status).

Model 5951 Rear Panel

@

®

—+—()*

’ ’
TO 590 INPUT — Connects to the Model 590 IN-

PUT jack on the front panel of the instrument.

TO 590 OUTPUT — Connects to the Model 590
OUTPUT jack on the front panel.

TO 595 METER INTFUT — Connects to the Model

595 METER INPUT jack on the rear of the instru-
ment.

WARNING

Maximum voltage between the outer shell of the BNC
jacks and earth ground is 30V RMS.
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2.2.3 System Connections

Supplied Cables

Table 2-1 summarizes the cables supplied with the
Model 82-DOS system along with the application for
each cable. Note that low-noise cables are provided for
making connections between the chuck and the C-V
measurement instriuments. The Model 4801 cables are
each four feet long. Be careful not to use the Model 7051
BNC cables in place of the low-noise cables (Model 4801),
as doing so will have detrimental effects on your meas-

rangement shown in the figures is recommended, but

other setups can be used, if desired.

NOTE
All equipment should be turned off when
making connections.

1. Connect a Model 4801 cable between the Model 590
INPUT jack and the TO 590 INPUT jack of the Model
5951 Remote Input Coupler. Connect a second
Model 4801 between the Model 590 OUTPUT jack
and the TO 590 OUT jack of the Model 5951.

urements. 2. Connect the Model 5951 INPUT and OUTPUT jacks
to the chuck test fixture using Model 4801 cables.
C tion Proced NOTE
onnection frocedure OUTPUT should be connected to the sub-
strate contact, and INPUT should be con-
Use Figure 2-4 and Figure 2-5 as a guide and connect the nected to the gate metallization contact. This
equipment together as follows. Note that the stacked ar- arrangement will minimize reading noise.
Table 2-1. Supplied Cables
Quantity | Moedel | Description Application
5 4801 4’ BNC Low Noise 590, 595, 5951
3 70512 | 2 BNC (RG-58) 230-1, 590, 595
2 7007-1 1m shielded IEEE-488 | IEEE-488 instrument bus
1 7007-2 | 2m shielded IEEE-488 | Computer to instruments
1 * Ribbon cable 5951 to 230-1
*Supplied with Model 5951 (Part No. CA-91)
595 2301
C-V Neter Voltage Source
r — —T-_ -
______B= ==
3 EE o o dle 50 ofoc3
2 = |=2 =2 5951 Remote
L u a e = l= | @(D Dl@lt_: o gllood TS ;ee?r mout Couplor

=

[ Y =]
o]
=
=

000

[
a
[ ]
jum}

To Test
Fixture

=]

590

Input
C-V Analyzer

~

Quiput

Figure 2-4,  System Front Panel Connections

NOTE: Cennect 5951 output to
substrate, input to gate
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Figure 2-5.  System Rear Panel Connections

Connect the Model 5951 TO 595 METER INPUT jack
to the Model 595 METER INPUT jack using a Model
4801 cable.

Connect the ribbon cable to the Model 5951, and then
connect the opposite end of the cable to the digital
I/0 port of the Model 230-1. Both connectors are
keyed so that they can be installed only in one direc-
tion.

Using a Model 7051 cable, connect the Model 595
METER COMPLETE OUTPUT to the EXTERNAL
TRIGGER INPUT jack of the Model 590.

Using a second Model 7051 BNC cable, connect the
Model 595 VOLTAGE SOURCE OUTPUT to the
OUTPUT LO of the Model 230-1 Voltage Source. Ina
similar manner, use a Model 7051 BNC cable to con-
nect theModel 230-1 OUTPUT HI to the EXTERNAL
BIAS INPUT of the Model 590 C-V Analyzer.
Connect the Model 5951 chassis ground post to earth
ground using heavy copper wire.

WARNING
The Model 5951 must be connected to earth
ground using #16 AWG or larger wire.

2.2.4 IEEE-488 Bus Connections

In order to use the system, the instruments must be con-
nected to one another and the computer using the sup-
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plied IEEE-488 cables. Typically the shorter cables will be
used to connect the instruments together, while the
longer cable connects the instruments group to the com-
puter. Figure 2-6 shows a typical arrangement for
IEEE-488 bus connections. See paragraph 2.4 for a de-
scription of IEEE-488 interfaces for the IBM computer.

2.2.5

In many cases, the wafer prober will be located inside a
faraday cage to minimize noise. In these situations, the
remote coupler itself can also be placed inside the cage for
convenience and to minimize cable lengths, assuming of

Remote Coupler Mounting

course, there is sufficient room.

The coupler can be permanently mounted to the sides or
top of the faraday cage by removing the rubber feet and
using the threaded holes in the bottom case for mount-
ing. Appropriate mating holes can be drilled in the fara-
day cage, and the coupler should be secured to the cage
with #6-32 screws of sufficient length.

Be sure that the mounfing screws do not ex-
tend more than 1/4” inside the Model 5951
case, or they may contact the circuit board in-

side.

CAUTION
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Figure 2-7 shows a typical installation for coupler mount- cage by connecting a grounding strap or wire between
ing, including suggested cable routing. Note that the the cage and the coupler chassis ground binding post.

Model 3951 chassis should be grounded to the faraday

230-1 595
Voitage Source C-V Meter
i voo
. L &@ osee ol
; @ o "; Fy
& C‘\ |i A
o Y Poeerogrrmm ) S
=
o [N e 0 ¢
Shielded

C(?,?,I)e )
[UuuayL T

590

C-V Anaiyzer 7007-2 Shielded Cable
(3m)

Figure 2-6.  System IEEE-488 Connections

e e S A e T e o o e

[T ———

IBM AT or PS/2 (or
compatible} computer

To

Instrumenis

Faraday
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5851
Coupler

/1

InputiCutput Cables
(Input to gate,
output to substrate)

Prober Fixture

N

Figure2-7.  Remote Coupling Mounting
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2.3 SYSTEM POWER UP

Line voltage selection, power connections, environ-
mental conditions, and instrument warm-up periods are
covered in the following paragraphs.

2.3.1 Instrument Power Requirements

The Model 230-1, 590 and 595 are designed to operate
from 105-125V or 210-250V, 50 or 60Hz AC power
sources (special fransformers can be factory instatled for
90-110V and 195-235V AC voltage ranges). The factory
setting for each instrument is marked on the rear panel of
that particular instrument. The operating voltage for
each instrument is either internally or externally selec-
table; see the appropriate instruction manual for details.

CAUTION
Do not attempt to operate an instrument on a
supply voltage outside the allowed range, or
instrument damage may occur.

2.3.2 Power Connections

Each instrument should be connected to a grounded AC
outlet using the supplied AC power cord or the equiva-
lent.

WARNING

Each instrument must be connected to a
grounded outlet using the supplied power
cord in order to ensure continued protection
from possible electric shock. Failure o use a
grounded outlet and a 3-wire power cord
may result in personal injury or death be-
cause of electric shock.

2.3.3 Environmental Conditions

For maximum measurement accuracy, all instruments
and the remote coupler must be operated at an ambient
temperature between 0 and 40°C at a relative humidity
less than 70%, and within +5°C of the cable correction
temperature.

2-8

2.3.4 Warm Up Period

The system can be used immediately when all instru-
ments are first turned on; however, to achieve rated sys-
tem accuracy, all instruments should be turned on and al-
lowed to warm up for at least two hours before use.

2.3.5 Power Up Procedure

Follow the general procedure below to power up the
Model 82-DOS system.

1. Connect the instruments together as outlined in
paragraph 2.2.3.

2. Connect the instruments to the IEEE-488 bus of the
host computer following the procedure given in
paragraph 2.2.4.

3. Turnon the computer and boot up its operating sys-
tem in the usual manner. Refer to the computer
documentation for complete details for your particu-
lar system.

4. Turn on each instrument by pressing in its front
panel power switch. Verify that each instrument
goes through its normal power up routine, as de-
scribed below.

Model 230-1

The instrument first turns on all LEDs and segments.
The software revision level is then displayed as in
this example:

B13

B =

3. The unit then displays the primary address:
IE 13

Verify the primary address is 13; set it to that value if
not.
4. The unit begins normal display.

Model 590

1. The Model 590 first displays the software revision
level as in this example:
590 REV D13

2. The instrument then displays the programmed pri-
mary address:

IEEE ADDRESS 15

Verify the address is 15; program it for that value if
not.
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3. Finally, the unit begins displaying normal readings.

Model 595

1. The instrument first displays the ROM self-test mes-
sage:

I.0.

2. The unit then displays normal readings.
3. Press MENU and verify the primary address is 28;
set it to that value if not.

2.3.6 Line Frequency

The Models 230-1 and 590 can be operated from either 50
or 60Hz power sources with no further adjustments.
However, for the Model 595 to meet its stated noise speci-
fications, the unit must be programmed for the line fre-
quency being used. To set or check the Model 595 line fre-
quency, proceed as follows:

1. Turn off the Model 595 if it is presently turned on.

2. Press and hold the MENU button and then furn on
the power. Release the MENU button after the dis-
play blanks on power up.

3. Press the MENU button and note that the frequency
selection prompt is displayed:

Fr=50
or,
Fr =60

4. Use the ADJUST keys to toggle the unit to the de-
sired frequency.

5. Press SHIFT EXIT to return to normal operation.
Note that the frequency selecion prompt will re-
main in the menu until power is removed.

24 COMPUTER HARDWARE AND
SOFTWARE INSTALLATION

The following paragraphs discuss interface installation
and installation of the supplied Model 82-DOS software.
Required installation steps include:

o JEEE-488 interface card installation

¢ Model 82 software installation

o TEEE-488 driver software installation
» CONFIG.SYS file modification.

2.4.1 Interface Card Installation
Model 82-DOS can be used with the following JEEE-488
interfaces:

IOtech GP488, GP488A, or Power488

National Instruments PCII, PCIIA, and PCIII
Keithley Instruments PC-488-CEC and 4-488-CEC
Capitol Equipment Corp. PC-488 and 4-488

IBM GPIB

IOtech GP488/2 (for PS/2)

Note that all the above cards except the GP488/2 can use
the Driver488 bus driver supplied with Model 82-DOS.

Before installation, note the following interface board
settings so that you can properly configure the bus driver
software during driver software installation:

1/0O port address
DMA status
Interrupts
System controller

* & 00

After noting these settings, install the interface card in the
computer. Refer to the documentation supplied with the
card for detailed installation procedures.

2.4.2 Software backup

Before installing the software on your hard disk, it is
strongly recommended that you make backup copies of
each of the disks supplied with Model 82-DOS. Use the
DOS DISKCOFY command to make copies. For two-
floppy disk systems, the general command syntax is:

DISKCOPY A: B: <Enter>

Here, the source disk is assumed to be in drive A, and the
target (copy) disk is in drive B.

Similarly, the command for single-floppy drive systems
is:

DISKCOPY A: A: <Enter>

After copying all supplied disks, put the original disks
away for safekeeping.

2-9
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243 Memory and Hard Disk
Considerations

In order to use the Model 82-DOS software, you should
have at least 500KB free RAM before running the pro-
gram. A minimum of 4MB of free hard disk space is also
recormmended. Of course, the amount of space required
depends on how many date and parameter files you in-
tend to save.

2.4.4 Model 82-DOS Software
Installation

Follow the appropriate procedure below to install the
Model 82-DOS software on your hard disk. The follow-
ing paragraphs discuss using INSTALL.EXE to install the
software.

NOTE

INSTALL.EXE can also be used to reconfigure
the software after installation. Select the
reconfigure option to change an existing soft-
ware configuration. Also, you can run
EQUIP.EXE to change only graphics cards,
printers, or plotters settings once installation
is complete.

. Place the installation disk in drive A: or Bs, then type:

A: <Enter>
or
B: <Enter>

. Type the following to start the installation process:

INSTALL <Enter>

. Follow the prompts on the screen to select the direc-

tories for the various Model 82-DOS files and pro-
grams. You can selectinstallation defaults, which are
summarized in Table 2-2, or your own directory
names, as desired.

. Continue the installation process by selecting appro-

priate graphics cards, printers, and plottersat the ap-
propriate prompts. Table 2-3 summarizes graphics
cards, and Table 2-4 lists supported printers and
plotters. Also, refer to paragraph 2.4.8 below for cer-
tain plotter and printer considerations.

NOTE
Model 82-DOS will run properly on most
VGA, Super VGA, and 8514 monitor com-
puter systems in the EGA mode. To use Model
82-DOS with any of these graphics systems,
select the EGA graphics mode at the appropri-
ate prompt.

Table 2-2, Default Directories

Sub-directory Contents

CAKTHLY_CV
CAKTHLY_CVAMODELS2

CAKTHLY_CVA\MODEL82\DAT
CAKTHLY_CV\MODEL82\PAR
CAKTHLY_CV\MODEL82\SRC

C:\IEEE488

.EXE, configuration file, config.gpc

FINT or other files needed by .EXE

cable calibration file, CABLECAL.EXE; file merge, FILEMRG.EXE
Data files, * DAT

Test files, * PAR

Soutce code, library, and utilities to re-build

IOtech DRIVER488 GPIB board driver software.

NOTE: C:\IEEE488 is not created by Model 82-DOS installation program. Refer to bus driver installation instructjons.
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Table 2-3. Graphics Cards Supported by Model 82-DOS

Resolution

Graphics Board Mode (pixels)
IBM color board monochrome 640 x 200
Tseng EVA 640 = 480
Tecmar Graphics Master | monochrome 720 % 700

16 color 640 x 400
Hercules Monochrome | monochrome 720 % 348
Enhanced Graphics 16 color 640 x 350
Adapter (EGA) monochrome
TeleVideo AT monochrome 640 x 400
TeleVideo HRCGB 16 color 640 x 400
Sigma Color 400 16 color 640 x 400
AT & T 6300 native graphics 640 x 400
Corona PC native graphics 640 x 325
Corona PC400 native graphics IBM | 640 x 400

emulation 640 % 200
Corona ATP monochrome 640 x 400
H.P. Vectra monochrome 640 x 400
T. I Professional monochrome 720 x 300
Genoa SuperEGA HiRes | 16 color 800 % 600
IBM VGA or compatible | 16 color 640 x 480

monochrome 640 x 480

211
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Table 2-4. Supported Printers and Plotters

Printer/Plotter

C. Itoh Prowriter; NEC 8023; 8025

Epson FX, RX; Cannon BJ&0

Qkidata 92,93

IBM Graphic or Professional; Epson MX

Tektronix 4695 ink jet printer

Toshiba P321 and P351 (with unidirectional printing)

Corona Laser printer - REQUIRES AN EXTRA 128k
OF MEMORY

Houston DMP-xx plotters

Hewlett-Packard HP-GL plotters

C. Itoh 24LQ

Watanabe Digi-Plot plotter

Epson LQ1500

Smith Corona D100

Epson HI-80 plotter

Hewlett Packard LaserJet+ (or compatible)

Micro Peripherals 150, 180

Okidata 192+ (eight bit graphics)

CALCOMP ColorMaster (BEING TESTED)

Toshiba 1340 (No unidirectional)

HP ThinkJet (SW5 up) (6.5 x 8.51in.)

Roland DXY-800 Plotter

Toshiba P351C with color ribbon

NEC Pinwriter P series

Quadram QuadLaser (with vector software)

NEC Pinwriter P series with color ribbon

2.4.5 IEEE-488 Driver Software

Installation

The driver software for the IEEE-488 interface card
should be installed per manufacturer's recommenda-
tions. Refer to the IEEE-488 driver software documenta-
tion for complete details. Use the supplied Driver488 for
all cards except PS/2 cards. Use Driver488/2 for PS/2
cards.

2.4.6 CONFIG.SYS Modification

For most computer configurations, you should assign at
least 20 buffers and files in CONFIG.SYS. Use a text edi-
tor to modify or add the following lines:
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FILES = 20
BUFFERS = 20

NOTE
After modifying CONFIG.SYS, reboot the
computer (press Cirl-Alt-Del) to place the
changes into effect.

2.4.7 Installation Verification

Before running the C-V software, it is recommended that
you perform the procedure below to make sure that the
IEEE-488 interface and software were installed properly.

1. With the power off, connect the instruments to the
IEEE-488 interface of the computer.

2. Turn on the instruments, and make sure that their
primary addresses are set to the default values
(230-1=13, 590=15, 595=28). If not, program or set the
primary address{es) accordingly.

3. Turnon the computer, and allow it to boot up DOS in
the usual manner.

4. Load interpretive BASIC (BASICA or GW-BASIC)
into the computer.

5. Type the lines of the test program below into the
computer.

6. RUN the program, then verify that a reading from
each instrument appears on the computer CRT, and
that each instrument is programmed as follows:

230-1: 10V should be programmed on its display.

590: the unit should display “MODEL 82-D0OS” on
front panel

595: the instrument should be in the current mode.

If a single instrument fails to respond, check to see that it
is programmed for the correct primary address, and that
itis connected properly to the IEEE-488 bus. If none of the
instruments respond, verify that the interface board and
software were properly installed.
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TEST PROGRAM

10 OPEN “\DEV \ IEEEOUT” FOR OUTPUT AS #1
20 IOCTL#1,"BREAK”

30 PRINT#1,”RESET”

40 OPEN “\ DEV \ IEEEIN” FOR IINPUT AS #2
50 PRINT#1,"CLEAR”

60 PRINT #1,”“OUTPUT 15;T0,0X”

70 PRINT#1,”ENTER 15"

80 LINEINPUT#2,R$

90 PRINT “MODEL 590 READING: “;R$

100 PRINT#1,”ENTER 28"

110 LINE INPUT#2,R$

120 PRINT “MODEL 595 READING: “;R$

130 PRINT#1,“ENTER 13"

140 LINE INPUT#2,R$

150 PRINT “MODEL 230-1 DATA: *;R$

160 PRINT#1,”OUTPUT 15,DMODEL*82-DOSX”
170 PRINT#1,”OUTPUT 28;F1X”

180 PRINT#1,”“OUTPUT 13,VI0X”

190 END

2.4.8 Plotter and Printer Considerations

Printer Hardcopy Resoclution

Selecting a plotting option on the graphics menu gener-
ates a half-page plot with low resolution. To control the
size and resolution from the graphics menu, type in one
of the following letters:

“m” half page, low resolution
“M” half page, high resolution
“1”  full page, low resolution
“L”  full page, high resolution

Selecting one of these options automatically generates
the corresponding plot.

Section 4 discusses analysis in detail.

Plotter Support

Model 82-DOS supports Hewlett-Packard, Watanabe,
Houston, and Epson pen Plotters that use the HPGL

graphics language. For HP plotters not listed, first try one
of the listed plotters (use 7475A for 7470A).

Those who are using Hewlett-Packard serial plotters
should select eight data bits and one stop bit for serial pa-
rameters.

Serial Printer and Plotter Support

Model 82-DOS will drive printers or plotters connected
to either the serial or parallel port of your computer. If
you are using the serial port, you must initialize the port
by selecting the proper parameters for your particular se-
rial connection during installation or reconfiguration.

The graphics routines that support hardcopy use polling
to send characters to the serial port. Polling means that a
character is sent and a check is made to see if the printer is
busy. If so, the routine waits until the device is ready to
accept another character. However, if the device con-
nected to the serial port sends back any character other
than busy, the transmission protocol will be interrupted.
For that reason, be sure to set your printer or plotter to its
least intelligent mode (furn off handshaking and status
reports). Also, be sure to use the proper serial cable, as the
interrupt used requires that all signal lines be present.

Laser Printer Support

Model 82-DOS supports a Hewlett-Packard Laser]et +
{or compatible) printer with full-page 300dpi resolution.
However, the printer must be equipped with at least
1.5Mb of memory to support this resolution. In addition,
some computer configurations may have insufficient
mermory for the required large bit map. In those cases, an
“m” (300dpi, 1/2 page) or “1” (150dpi, full page) plot can
be performed.

GPIB (IEEE-488) Bus Plotter Support

A GPIB plotter can be used with Model §2-DOS by select-
ing the appropriate device(s) from the menu (select the
“output to Driver 488 plotter” option). The plotter must,
of course, be connected to the IEEE-488 bus of the com-
puter. The plotter must be set for the addressable mode
using a primary address of 5.
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24.9 Running the Software

The following paragraphs discuss the basic procedures
for running a Model 82-DOS C-V program. Basically, you
can start a C-V program in one of three ways:

¢ From the main menu.

¢ From the manual measurement menu, automatically
leading a test parameter file.

¢ From the analysis menu, automatically loading a data
file.

Starting the Program at the Main Menu

To execute the program from the main menu, simply
type in one of the program names below while in the
AKTHLY_CVAMODELS2 subdirectory. C-V programs
supplied with Model 82-DOS include:

KI82CV.EXE This program is the simultaneous C-V
program that controls the Models
230-1, 590, and 595 to make simulta-
neous C-V measurements and per-
form analysis.

KI590CV.EXE This program controls the Model 590
alone for high-frequency C-V meas-

urements (see Appendix E).

KI595CV.EXE This program controls only the Model
595 for quasistatic C-V measurements

{see Appendix E).

Note that you need not type in the .EXE extension to exe-
cute a program from the DOS prompt. For example, to
load and run KIS2CV.EXE from the DOS prompt, simply

type:

KIB2CV <Enter>

NOTE
The program to be executed must be located
in the current default directory to run.

Starting the Program at the Manual Measurement
Menu

You can execute the program starting at the manual
measurement menu and automatically load a specified
test parameter file by including the test parameter file
name with the execution command, for example:
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KI82CV Filename PAR <Enter>

Note that you must specify the PAR extension to invoke
this option. To load parameter file that is not located in
the default parameter ( PAR) directory, include the com-~
plete path with the file name. If the file is not located in
the specified directory, an error message will be dis-
played and the program will execute from the main
mentu instead.

Starting the Program at the Analysis Menu

In a similar manner, you can execute the program begin-
ning at the analysis menu and automatically load a speci-
fied data file by including the data file name on the com-
mand line, for example:

KI82CV Filename.DAT <Enter>

Note that you must include the DAT extension to use
this option. To load a data file thatis not located in the de-
fault data (.DAT) directory, include the complete path
with the file name (for example, C:\MOREDATA \file-
name.DAT). If the specified data file is not located in the
indicated directory, an error message will be displayed,
and the program will begin execution at the main menu.

Default Paths

Normally, the Model 82-DOS software uses the default
paths specified during installation for parameter and
data files (see Table 2-2). If you specify a new path when
loading or saving files, the new path will become the de-
fault path for the current session. The default path speci-
fied during installation will be restored the next time the
C-V program is run.

Run Time Considerations

In order to use Model 82-DOS programs properly, it may
be necessary to remove software drivers (such as GPIB
print or mouse drivers) from your computer configura-
tion to free up enough memory or to avoid conflicts. Use
EDLIN or other text editor to remove the driver installa-
tion statements from CONFIG.SYS or AUTOEXEC.BAT
as required. Reboot your computer after making modifi-
cations before running the Model 82-DOS software.

Also, be careful not to touch front panel buttons on in-
struments while a program is running. Doing so may
change instrument settings and lead to erroneous results.
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Navigating Menus

To select a given menu item, simply type the indicated
number, and press the <Enter> key. Tomoveup to a pre-
vious menu level, simply choose the return menu selec-
tion, or press the <Esc> key. At the highest menu level,
youwill be prompted to select whether or not you wish to
return to DOGS.

2.4.10 Default Material Constants

As shipped, Model 82-1D0S is designed to work with de-
vices with a silicon substrate, a silicon dioxide insulator,
and aluminum gate material. You can modify the soft-
ware for use with other types of materials, if desired. Re-
fer to Appendix A for details.

2.5 SOFTWARE OVERVIEW

The main sections of the Model 8§2-DOS software are
briefly discussed in the following paragraphs. These de-
scriptions follow the order of the main menu shown in
Figure 2-8. For detailed information on using the soft-
ware to make measurements and analyze data, refer to
Sections 3 and 4.

25.1 System Reset

By selecting option 1 on the main menu, you can easily re-
set the instruments and the software to default condi-
tions. SDC and IFC commands are sent over the bus to re-
turn the instruments to their power-on states and remove
any talkers or listeners from the bus. Cable calibration
constants are also reloaded by this option.

2.5.2  System Characterization

Option 2 on the main menu aliows you to perform a
“probes up” characterization of the complete system
from the measuring instruments, through the connecting
cables and remote coupler, down to the prober level.
Characterization is necessary to null out (Co, Cu, 0r G), or
remedy leakage currents, resistances, and stray capaci-

tance present in the system that could affect measure-
ment accuracy; the procedure also allows you to verify
connection problems.

There are two important aspects to system characteriza-
ton:

1. Quasistatic capacitance (Cg), high-frequency capaci-
tance (Cn), conductance (G), and Q/t {current) are
measured at a specified bias voltage to determine
system contribution of these factors, Cg Cu, and G
canbe suppressed in order to assure maximum accu-
racy. If abnormally large error terms are noted, the
system should be checked for poor cormections or
other factors that could lead to large errors.

2. Q/tvs.Vsweeps canbe performed fo determine the
presence of leakage resistance and external leakage
current sources. C vs. V sweeps can be done to test
for the presence of voltage dependent capacitance in
the system.

See Section 3 for details.

System checkout should be performed whenever the
configuration, step V, or delay time is changed. Probes-
up suppression should precede every measurement to
achieve rated accuracy.

2.5.3 Compensating for Series

Resistance and Determining
Device Parameters

Option3 on the main menu allows you to determine opti-
mum parameters for measuring the device under test.
Key areas of this process are:

1. A C-V sweep is performed and graphed to deter-
mine accumulation and inversion voltages.

2. The device is biased in accumulation to determine
Rseres and Cox.

3. The device is biased in inversion fo determine Cumy
and equilibrium delay time. A user-supplied light
can be controlled to help achieve equilibrium more
rapidly.
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///r *x MODEL 82 MAIN MEND *x
. Reset Model 82 CV Systenm
Make CV Measurements

dnalyze CV Data
. Return to DOS

NP O

-

Tegt and Correct for System Leakages and Strays
Compensate for Rseries and Determine Device Parameters

NOTE: ESC always returns user back one MENU level.

Enter number to select from menu :

Figure 2-8.  Main Menu

2.5.4 Device Measurement

Option 4 on the main menu allows you to perform a si-
multaneous C-V sweep on the device under test. As pa-
rameters are measured, the data are stored within an ar-
ray for plotting or additional analysis, as required.

The two general types of sweeps that can be performed
include:

1. Accumulation to inversion: Initially, the device is bi-
ased in accumulation, and the bias voltage is held
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staticuntil Q/t reaches the system leakage level. The
sweep is then performed and the data are stored in
the array.

. Inversion to accumulation: In this case, the device is

first biased in inversion, and the sweep is paused un-
til equilibrium is reached {(when Q/t equals the sys-
tem leakage level). A submenu option allows you to
control a light within the test fixture (using the
Model 5951 digital I/O port) as an aid in attaining
the equilibrium point. The sweep is then completed
and the data are stored in an array for further analy-
sis.
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2.5.5

Option 5 on the main menu provides a window to a num-
ber of analysis and graphing tools. Key options here in-
clude printing out parameters, graphing array data on
the CRT or plotter, graphical analysis, and loading or
storing array data on disk. Note that this option can also
be directly selected from menus providing sweep meas-
urements without having to go through the main menu.

Data Analysis and Plotting

2. Power up the system using the procedure given in
paragraph 2.3, and boot up the computer.

3. RunKI82CV.EXE.

4. Select option 2 on the main menu, and then option 2
on the subsequent menu. Connect the 1.8nF capaci-
tor and verify that Cg is within 1% of the 1kHz ca-
pacitor value, an that Q/t is <1pA. Correct any ca-
bling problems before proceeding.

5. Run the CABLECAL.EXE utility and perform cable
correction (see Appendix G).

6. Follow the prompts and connect the Model 5909
Calibration Sources to the Model 5951 INPUT and

256  Returning to DOS OUTPUT cables using the BNC adapters supplied
. . with the Model 5909,
Selecting option 6 returns you to DOS. IFC and SDC are 7. After correction, return to KIS2CV.EXE main menu

sent to the instruments before exiting the program.

2.6 SYSTEM CHECKOUT

Use the basic procedure below to check out Model
82-DOS to determine if the system is operational. The
procedure requires the use of the Model 5909 Calibration
Sources, which are supplied with Model 82-DOS. Note
that this procedure is not intended as an accuracy check,

selection 2, then select option 2 on the submenu.
Connect the 1.8nF capacitor; verify that Co is within
1% of the 1kHz capacitance, and the Cu is within 1%
of the 100kHz of IMHz value (depending on the se-
lected frequency).

Select option 3 on the leakage and strays menu.
Start the sweep, and observe the Model 590 voltage
display. Verify that the bias voltage readings step
through the range of 2V to +2V in 20mV incre-
ments,

1o 0o

but is included to show that all instruments and the sys-
tem are functioning normally. Before performing this
procedure, you should verify that the IEEE-488 interface

and software are properly installed (see paragraph 2.4).

2.6.1 Checkout Procedure

1. Connect the system together, as discussed in para-

2.6.2 System Troubleshooting

Troubleshoot any system problems using the basic pro-
cedure shown in Table 2-5. For information on trouble-
shooting individual instruments, refer to the respective

graph2.2. mstruction manual(s).
Table 2-5. System Troubleshooting Summary
Symptom Possible Cause(s)

No instrument responds over bus.

One instrument fails to respond.
Improper low-frequency measurements.
Improper high-frequency measurements.
5951 does not change frequency.

No DC bias applied to device.
Excessive leakage current.

Erratic readings.

590 readings not triggered.

Probes up Q/t vs. V improper.
Probes up C vs. V improper.

Cable correction impossible.
Reading dynamic range insufficient.

Units not connected to controller, controller defective.

Unit not connected to bus, improper primary address, unit defective.
595 not connected properly, 595 defective.

590 not connected properly, ribbon cable not connected, 590 defective.
Ribbon cable not connected, 5951 or 230-1 defective, loose ribbon ca-
ble connection.

595 or 230-1 not connected properly, 595 or 230-1 defective.

Wrong cables used, dirty jacks, test fixture contamination.

EMI interference, poor connections.

595 to 590 trigger cable not connected.

External leakage current present.

External voltage-dependent capacitance present.

Wrong cables used, 590 defective.

Connecting cables too long, excessive fixture capacitance.
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3.1 INTRODUCTION

This section gives detailed information on using Model
82-DOS Software to acquire C-V data and is organized as
follows:

3.2 Measurement Sequence: QOutlines the basic meas-
urement sequence that should be followed to ensure
accurate measurements and analysis.

3.3 System Reset: Describes how to reset the instru-
ments in the system.

3.4 Testing and Correcting for System Leakages and
Strays: Describes the procedure to test the complete
system for the presence of unwanted characteristics
such as leakage resistance, current, and capacitance.

3.5 Correcting for Cabling Effects: Details cable correc-
tion that must be used in order to ensure accuracy of
high-frequency C-V measurements.

3.6 Characterizing Device Parameters: Covers the pro-
cedures necessary to determine Rserms, Crmy, Cox,
and optimum delay time to attain device equilib-
rium.

3.7 Making C-V Measurements: Describes in detail the
procedures necessary to measure the device under
test and store the resulting data in arrays.

3.8 Light Connections: Discusses connection of a light
to the system as an aid in attaining device equilib-
rium.

3.9 Measurement Considerations: Outlines numerous
factors that should be taken into account in order to
maximize measurement accuracy and minimize er-
rors in analysis.

3.2 MEASUREMENT SEQUENCE

The measurements should be carried out in the proper
sequence in order to ensure that the system is optimized
and error terms are minimized. The basic sequence is out-
lined below; Figure 3-1 is a flowchart of the sequence.

Step 1: Test and Correct for System Leakage and Strays

Initially, you should test your system to determine if any
problems such as excess leakage current or unwanted ca-
Ppacitance are present. You should correct any problems
before continuing. Note that the system need be tested
only when you change some aspect of its configuration
(such as connecting cables or test fixture).

Suppression, which is also available under this menu op-
tion, should be performed before each measurement for
optimum accuracy. Note that suppression can also be
performed from a measurement menu by pressing “Z”.

3-1
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New System
Configuration ?

Probes up
Suppress
Check
Leakages *
and
Strays
Perfarm
* Sweep
Correct for
Cabling Effects *
{Use CABLECAL.EXE})
Analyze
C-v
Data

New
Device ?

Determine R series,
Cmin , Cox, and
Delay Time

L —

Figure 3-1.  Measurement Sequence

Step 2: Correct for Cabling Effects

Cable correction is necessary to compensate for transmis-
sion line effects through the connecting cables and re-
mote input coupler, which are more significant at higher
frequencies and with longer cables or switches in the sys-
tem. Failure to perform cable correction will resultin sub-
stantially reduced accuracy of high-frequency C-V meas-
urements. In order to perform correction, it wilt be neces-
sary for you to connect the Model 5909 calibration capaci-
tors and use the CABLECAL.EXE utility program. Cable
correction must be performed the first time you use your
system, and it need be performed only if the system con-
figuration is changed in some manner, or if the ambient
temperature changes by more than 5°C.

Step 3: Determine Device Parameters

Each device must be tested to determine optimum accu-
mulation and inversion voltages. Once those voltages
values are determined, the device should be biased in ac-
cumulation to determine Cox, Tox, and/or gate area, as
well as Regris. The device under test should then be bi-
ased in inversion to determine Cymv and to determine op-
timum delay time necessary to maintain device equilib-
rium.

Step 4: Make C-V Measurements

Now that all the “housekeeping”, so tospeak, is out of the
way, a sweep can be performed to determine how such
device parameters as capacitance change with applied
DC bias voltage. First, of course, it will be necessary for
you to select such parameters as range, frequency, and
bias voltage values. As the sweep is performed, meas-
ured values are sfored in arrays for later retrieval and
analysis.

Step 5: Analyze C-V Data

Once a sweep has been performed, and the results are
stored safely in computer arrays, you can apply any one
of a number of different analysis techniques to the data.
Raw data plotting (hard copy) or graphing (CRT) of such
parameters as low and high frequency capacitance vs. V
can be performed. Analysis features including doping
profile, flatband calculations, and interface trap density
are also provided. See Section 4 for analysis details,
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3.3 SYSTEM RESET

Option 1 on the main menu (Figure 3-2) allows you to re-
set your Model 82-DOS System and return the instru-
ments to their default conditions. When this option is
executed, the IEEE-488 IFC (Interface Clear) and S5DC
{Selective Device Clear) commands are sent over the bus,
and you will then be returned to the main menu after a
two-second pause. During this period, the computer will
display the following message:

Outputting [FC and SDC to reset system.....

The IFC command removes any talkers and listeners
from the bus, and the SDC command returns instruments
to their default conditions. The Models 230-1 and 595 will
always return to the same default state, but the default
conditions for the Model 590 are determined by SAVE 0.
See the appropriate instruction manuals for details. Note
that the instruments are automatically reset when the
program is first run and immediately prior to exiting the
program.

///— x% MODEL 82 MAIN MENU *x
Reset Model 82 CV System
Make CV Measurements

. Analyze CV Data
. Return to DOS

SO W
P

Enter number to select from menu :

-

Test and Correct for System Leakages and Strays
Compensate for Rseries and Determine Device Parameters

NOTE: ESC always returns user back one MENU level.

Model 82 Main Menu

Figure 3-2.
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3.4 TESTING AND CORRECTING FOR
SYSTEM LEAKAGES AND STRAYS

The system should be tested with the probes up to deter-
mine if any sources of large errors such as defective ca-
bles are present. The following paragraphs give an over-
view of the process, discuss menus, and detail the proce-
dure for testing your particular system.

Suppression should be performed prior to each measure-
ment for optimum accuracy.

3.4.1 Test and Correction Menu

To test your system, select main menu option 2, Test and
Correct for System Leakages and Strays.

Figure 3-3 shows the overall test and correction menu for
Model 82-DOS software, Through this mer, you can se-
lect measurement parameters, monitor leakage levels,
perform a probes-up sweep, analyze the results, and sup-
press offsets. These aspects are covered in the following

paragraphs.

Set Measurement Paramaters

[V, B Sl VS 3 N B

. Return to Main Menu

N

f ** Measure stray capacitance and leakage currents ** \

Open the circuit at the device (i.e. probe up),
Suppress should be done hefore each device measurement.

Monitor/Suppress System Strays and Leakages
Measure Leakages Over Sweep Voltage Range
Analyze Sweep Data for C and Q/t vs. V

Enter number tc select from menu :

Figure 3-3.

3-4

Stray Capacitance and Leakage Current Menu
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3.4.2 Parameter Selection

Menu Selections

By selecting option 1 on the system testing menu, you can
access the parameter selection menu shown in Figure 3-4.
You can also access this menu by pressing “M” from
measurement menus. This menu allows you to program
the following parameters:

1. Range for both quasistatic and high-frequency
measurements (200pF or 2nF). The measurement

ranges of both the Models 590 and 595 are set by this
parameter.

. Frequency for high-frequency measurements

(100kHz or IMHz). This parameter sets the operat-
ing frequency of the Models 590 and 5951.

. Model (parallel or series). Model selects whether the

device is modeled as a parallel capacitance and con-
ductance, or a series capacitance and resistance. See
paragraph 3.9.6.

. StartV: (<120 <V <120}, Start V is the initial bias volt-

age setting of a C-V sweep.

. Stop V: (=120 £V < 120). Stop V is the final bias volt-

age setting of a C-V sweep.

Enter selection :

-

f ** Measurement Parameter List ** \

Range: 2 Enter Rl for 200pF, RZ for 2nF

Freq : 2 Enter Fl1 for 100KHZ, F2 for 1MHZ

Model: 1 Enter Ml for parallel, M2 for series

Start V: 2.00 V. Enter 4n, =120 <= n <= 120

Stop V: -2.00 V. Enter On, -120 <= n <= 120

Bias V: 0.00 V. Enter Bn, =120 (= n <= 120

TDelay: 0.07 sec. Enter Tn, 0.07 <= n <= 199.99

Step V: 20 aV. Enter 810, S20, S50 or 8100

CCap: i Enter Cl for leakage correction off, C2 for on
Filter: 2 Enter 11 for filter off, 12 for on
Number of samples = 93 Sweep will take = 0.4 minutes,

NOTE: 1} Keep start V and stop V within 40 volts of each other. .
2} Keep number of samples within 4 and 1000 points with filter off.
3) Keep number of samples within 50 and 1000 points with filter on.

Enter changes cne change at a time. Enter E when done, * for files,

_/

Figure 3-4.  Parameter Selection Menu
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6. Bias V: Bias V is a static DC level used when static
monitoring the system (for example, when testing
for leakages and strays), and is the voltage level as-
sumed when a sweep is completed.

7. T delay: (0.07 =T £199.99sec). Note that the time de-
lay must be properly set to maintain device equilib-
rium.

8. StepV:{(10mV, 20mV, 50mV or 100mV}: Step V is the
incremental change in voltage of the bias staircase
waveform sweep.

9. C-Cap: (Corrected capacitance): Uses the corrected
capacitance program of the Model 595 when en-
abled. C-Cap should be used only when testing
leaky devices.

10. Filter: Sets the Model 595 to Filter 2 when on, Filter 0
(off) when off. NOTE: Turning off the filter will in~
crease the noise by 2.5 times. Note that the parameter
does not affect the Model 590 filter, which is always
on.

11. Number of Samples: Displayed at bottom of menu.

12. Sweep length: Indicates how long the sweep will
take,

Programming Parameters
To program a parameter, type in the indicated menu let-

ter followed by the pertinent parameter. The examples
below will help to demonstrate this process.

Example 1: Select IMHz High-frequency Operation

To select high frequency operation, simply type in F2 at
the command prompt, and press the ENTER key.

Example 2: Program a +15V Bias V

Type in B15, and press the ENTER key.

Example 3: Select 0.1sec Delay Time

Type in T0.1, and press the ENTER key.

Example 4: Program a 20mV Step Voltage

Type in 520, and press the ENTER key.

Programming Considerations

When selecting parameters, there area few points to keep

in mind, including:
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1. The maximum difference between the programmed
Start V and Stop V is 40V. Exceeding this value will
generate an error message.

2. The number of points must be between 4 and 1000
with the filter off, or between 50 and 1000 with the fil-
ter on to avoid curve distortion.

3. Bias voltage polarity is specified at the gate with re-
spect to the substrate. For example, with a positive
voltage, the gate will be biased positive relative to
the substrate. Thus, an n-type material must be bi-
ased positive to be in the accumulation region.

NOTE

The voltage displayed on the front panel of
the Model 590 is of the opposite polarity from
the voltage displayed by the Model 82-DOS
software because of the gate-to-substrate volt-
age convention used. As described in Section
2, INPUT should be connected to the gate ter-
minal, and OUTPUT should be connected to
the substrate terminal.

Saving/Recalling Parameters

By pressing the “*” key, you can save or load parameters
to or from diskette. The menu for these operations is
shown in Figure 3-5. Press “5” (save} or “L” (load) to
carry out the desived operation. You will then be
prompted to type in the filename to be saved or loaded.
An error message will be given if a file cannot be found or
will be overwritten.

NOTE
Do not add the .PAR extension to the file-
name.

When the save option is selected, the parameter values
currently in effect will be saved under the selected file-
name. Parameters loaded from an existing file will over-
write existing parameters.

NOTE
Toload or save parameters to a different drive
or a directory other than PAR, specify the
complete path in the filename (for example,
A:MYFILE, or CAPATH\MYFILE).
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Note: Do not add

Enter Selection :

\

///' ** Store / Load system parameters ** i\\\

Loading parameters overwrites the system parameters.
& file must already exist to be Loaded.

A file to be Stored must not exist.

.PAR to the end of the typed name!

Enter S or L to store or load parameters, enter E to exit.

Save{Load Parameter Menu

Figure 3-5.

Returning to Previous Menu

After all parameters have been programmed (or loaded
from disk), press “E or ESC” to return to the system leak-
age testing menu.

Loading Parameters at Run Time

A parameter file can be automatically loaded, when the

program is first run by specifying the parameter test file-
name at run time. See paragraph 2.4.9 for details.

Saving and Loading from a Floppy Disk

To save or load to a floppy disk, simply include the drive
designation before the filename. (For example: A: SAM-
PLE will load or save SAMPLE to drive A:.
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3.4.3 Viewing Leakage Levels

Description

Before performing a test sweep, you should observe sys-
tem leakage current and capacitance and fix any prob-
lems before continuing. Once system leakage levels have
been reduced, proceed to paragraph 3.4.4 to perform a
probes-up sweep of the system. Paragraph 3.9 discusses
these factors in more detail.

Procedure

1. Selectoption 2 on the main menu followed by option
1 (Set Measurement Parameters) on the following
menu. Program the following:

Range: 200pF

Frequency: 100kHz or IMHz as required
Meodel: Parallel

Bias V: 0.00V

T Delay: 0.07sec

Step V: 50mV

C-cap: Off

Filter: On

Press “E” then ENTER when parameters have been
programmed, then select option 2, Monitor/Sup-
press System Strays and Leakages.

2. Disconnect the device from the system; in other
words, place the probes in the up position. Close the
shield on the test fixture,

3. If necessary, press “R” to turn off suppress and dis-
play “raw” readings.

4. Youwill then see a display similar to the one shown
in Figure 3-6. The values shown are representative of
what to expect in a typical system, but your values
may be somewhat different. Note that uncompen-
sated readings are displayed (readings not compen-
sated for series resistance, or gain or offset values).

5. Note the quasistatic and high-frequency capacitance
and the leakage (Q/t) level. These values should be
as small as possible. Ideally, stray capacitance
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should be less than 1% of the capacitance you expect
to measure for optimum accuracy. Also, leakage cur-
rent should be as low as possible.

6. If desired, press “Z"” to suppress Co, Cu, and G,

7. Press “Q” to exit the menu.

Analyzing the Results

There are two key items to note when performing the
above procedure: (1) excessive leakage current (Q/t), and
(2) too much stray capacitance. If excessive leakage cur-
rent is noted, you should check the following:

1. Make sure the proper cables are installed in the cor-
rect places. Be certain you have not interchanged
Model 4801 {low-noise) cables with the Model 7051
(50£2) cables.

2. Make sure all connecting jacks and connectors are
free of contamination. Clean any dirty connectors
with methanol, and allow them to dry thoroughly
before use.

3. Becertain thatyouare, in fact, making a “probes-up”
measurement.

4. Check to see that no leakage paths are present in the
test fixture,

5. Ifnecessary, tie down cables to avoid noise currents
caused by cable flexing. Also, avoid vibration during
testing,

Things to check for excessive stray capacitance include:

1. Verify that all cables are of the proper type and not of
excessive length.

2. Verify the integrity of all cable shields and that the
shield connections are carried through to the connec-
tors.

3. Again, make sure the procedure is being performed
in the “probes-up” configuration.

4. Use a test fixture of good, low-capacitance design.

5. Make certain the test fixture shield is in place when
characterizing the system. The same precaution
holds true when characterizing or measuring a de-
vice.
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///' ** Monitor/Suppress System Strays and Leakages at Bias V ** ‘\\\

Open the circuit at the device (i.e probe up).

press 'M' to set measurement parameters
press 'Z' to suppress Cq, Ch, G (probe up}l,
press 'R' to remove suppress.
press 'Q' to Quit.
{note: Keyboard response time is affected by delay time)
Suppress is OFF,

UNCOMPENSATED READINGS

Quasistatic : Ca (pF) Q/t (pA)
+0.5 +0.000
High freq : Ch (pF)} G (uS) Bias Vgs
-0.3 ~2 . 0000E+G0 +3.000

N _

Figure 3-6.  Monitor Leakage Menu
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3.44  System Leakage Test Sweep

Description

This aspect of system leakage testing allows you to deter-
mine if there are any voltage-dependent leakages in the
system. Basically there are two important points here: (1)
how the leakage current varies as the bias voltage
changes, and (2) apparent quasistatic capacitance vari-
ation with changes in voltage. These considerations are
discussed more completely in paragraph 3.9.

Procedure

1. Select option 2 on the main menu, then option 1, Set
Measurement Parameters, and program the follow-
ing parameters.

Range: 200pF

Frequency: 100kHz or 1MHz, as required
Model: Parallel

Start V: Most negative voltage generally used.
Stop V: Most positive voltage usually used.
Bias V: 0.00V

T delay: 0.07sec

Step V: 100mV
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C-Cap: Off
Press “E” then ENTER to exit. Select option 3, Meas-
ure Leakages Over Sweep Voltage Range.

. Place the probes in the up position to disconnect the

device from the system.

. Make sure the test fixture shield is in place before

starting the procedure.

. Press “R” to display “raw” readings. The computer

display will show leakage levels, as shown in
Figure 3-7. Note that uncompensated readings are
displayed (reading not compensated for series resis-
tance, or gain and offset values).

. Press “§” to initiate the sweep. During the sweep, the

computer will display the following:
Sweep in progress

Also, the sweep length and voltages will be dis-
played.

. Af the end of the sweep, select option 4, Analyze

Sweep Data, and note the following menu is dis-
played.

1. Graph both Cq and Cy vs. Gate Voltage.

2. Graph Q/t Current vs. Gate Voltage.

3. Graph Conductance vs. Gate Voltage.

4, Return to Previous Menu.

. Select options 1 and 2 on the menu to graph both qu-

asistatic and high-frequency capacitance vs. gate
voltage, and Q/t current vs. gate voltage.
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///fi ** Manual Start Sweep Measurement *X Ai\\\

Open the circuit at the device (ie. probe up).
press 'M' to set measurement parameters
press 'Z' to suppress Cq, Ch, G (probe up),
press 'R' to remove suppress.
press 'S' to start the sweep
press 'Q' to Quit.
{note: Keyboard response time is affected by delay time)

Suppress is OFF. Sweep will take = 0.4 minutes,

UNCOMPENSATED READINGS

Quasistatic : Cq {(pF: Q/t (ph)
+0.3 +0.000
High freq : Ch {pF) G {(usS) Start Vgs
-0.3 ~3.0000E+00 +1.960

- /

Figure3-7.  Diagnostic Sweep Menu
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Analyzing the Resulis

The leakage current you may observe during testing
could be from two main sources: {1) constant leakage cur-
rents due to such sources as cables, and (2) voltage-de-
pendent leakage currents caused by leakage resistances.
A typical constant leakage current curve is shown in
Figure 3-8, while a Q/t curve due to leakage resistance is
shown in Figure 3-9. In the first case, note that the current
is constant and does not depend on the applied voltage.
For the case of the curve dependent on leakage resistance,
however, the current is directly proportional to the voli-
age, as is the case with any common resistor. The resis-
tance, incidentally, is simply the reciprocal of the slope of
the line.

QA
v
Figure 3-8,  Leakage Due to Constant Current
Qi
v
Figure 3-9. Q/t Curve with Leakage Resistance
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Since quasistatic capacitance is determined by integrat-
ing the current, the presence of unwanted leakage cur-
rent will skew your quasistatic C-V curves. Figure 3-10
shows the effects of constant leakage current. Here, the
normal parasitic capacitance, Ce, is skewed upwards
with an additional “phantom” capacitance added to the
normal parasitic capacitance. The same type of curve
skew will also occur with normal measurements, but its
effect will usually be less noticeable because of the larger
capacitance levels involved.

—————————————————————— C  With
Leakage

—————————————————————— C Without
Leakage

Figure 3-10.  Constant Leakage Current Increases

Quasistatic Capacitance

A more serious situation is present in the case of the vary-
ing current, as shown in Figure 3-11. Now, the usually
flat capacitance curve has been tilted, resulting in what is
essentially a voltage-dependent capacitance. Again, the
same curve-tilting effects can be expected for normal
measurements, although usually to a lesser degree.

The high-frequency capacitance curves will not generally
show any voltage-variability, and will show mainly para-
sitic capacitance at the frequency of interest. Such curves
can also provide a good frame of reference for the quasis-
tatic curves, as both quasistatic and high-frequency
curves should be flat and very similar as long as leakage
currents are sufficiently low.

The G vs. V curve shows AC loss at the selected measure-
ment frequency (100kHz or IMHz). The high-frequency
conductance value may represent a leakage resistance
that is AC coupled into the test fixture.
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-~ G With
- Leakage

__________ = —————————— C Without
P Leakage

Figure 3-11.  Quasistatic Capacitance with and
without Leakage Current
3.4.5 Offset Suppression

Description

By selecting option 2 on the system leakage test menu,
you can monitor the parameters listed below at a fixed
bias voltage. This feature will give you an opportunity to
suppress these leakage values to maximize accuracy.
This suppression procedure should be carried out before
each verified or performed measurement for optimum
accuracy.

NOTE
Largeleakage capacitances and conductances
should not be suppressed. Determine the
source of the problem and correctit before us-
ing your system if large offsets are noted.

Monitored parameters include:

Cq (quasistatic capacitance)
Q/t {leakage current)

Cu (high frequency capacitance)
G (conductance)

Vas (gate bias voltage)

Suppressed parameters include Co, Cy, and G. Note that
Q/tis not suppressed. Note that suppress on/off can be

controlled from a measurement menu by pressing “Z”
(suppress on) or “R” (suppress off).

Procedure

1. Disconnect the device from the system; in other
words, place the probes in the up position. Close the
shield on the probe fixture.

2. Select option 2, Monitor/Suppress System Strays
and Leakages. You will then see a display similar to
the one shown in Figure 3-6. The values shown here
are representative of what to expect in a typical sys-
tem, but yours could be somewhat different.

3. Press “Z" tosuppress the leakage values. The Model
590 will be drift corrected, and its zero mode will be
enabled to suppress Cu and G. Suppress on the
Model 595 will also be enabled to suppress Co after a
15-second pause for setting. The status of suppress
{on) will be displayed on the screen.

4. Press “0Q" to retwrn to the previous menu once sup-
pression is complete.

Disabling Suppress

To disable suppress and display raw readings, simply
press “R” at the command prompt. Note that current
suppress values will be lost when suppress is disabled.

3.5 CORRECTING FOR CABLING
EFFECTS

Cable correction is necessary to optimize accuracy of
high-frequency C-V measurements, and to align Co and
Cd for D measurements. The process uses the
CABLECAL.EXE utility and involves connecting calibra-
tion capacitors with precisely known values to the con-
necting cables in place of the test fixture.

The following paragraphs discuss required calibration
sources as well as the overall cable correction procedure.

3.5.1 When to Perform Cable Correction

Cable correction must be performed the first ime you use
your system. Thereafter, for optimum accuracy, it is rec-
ommended that you cable correct your system whenever
the ambient ternperature changes by more than 5°C from
the previous correction temperature. You can cable cor-
rect your system daily, if desired, but doing sc is not ab-
solutely essential.

3-13



SECTION 3
Measurement

'NOTE
Cable correction parameters and source val-
ues are sfored on disk in the
“PKG82CAL.CAL" file. These correction pa-
rameters are automatically retrieved during
program initialization. This file must be in the
default directory when running the program.

3.5.2 Recommended Sources

Table 3-1 summarizes the recommended calibration ca-
pacitors, which are part of the Model 5909 calibration set
supplied with Model 82-DOS. The values shown are
nominal; you must use the 1kHz, 100kHz, and IMHz vai-
ues marked on the sources when correcting your systern.
Space has been provided in Table 3-1 for you to enter the
actual values of your sources.

NOTE
The first time you cable correct your system, it
will be necessary for you to enter your actual
source values while running
CABLECAL.EXE. See paragraph 3.5.4.

3.5.3 Source Connections

In order to correct your system, it will be necessary for
you to disconnect your test fixture and connect each cali-

TFable 3-1. Cable Correction Sources

1MHz
Value**

1kHz
Value®**

100kHz
Value**

Nrominal |
Value®*

47pF

180pF

470pF

1.8nF

*Nominal values included with Model 5909 Calibration Source
**Enter values from sources where indicated.

bration capacitor in its place when prompted to do so, as
shown in Figure 3-12. Use the supplied female-to-female
BNC adapters to connect the sources to the cables.

When using the sources, be sure not to handle them ex-
cessively, as the resulting temperature rise will change
the source values due to temperature coefficients. This
temperature change will degrade the accuracy of the cor-
rection process.

5951

Remote Input Coupler

[C_—) 5951 REMOTE INPUT COUPLER

OLTRUT INPUT
Z00V MAX 20V PEAK

-G

100kHz THHz
a

\ 4801 Cables

BNC Adapters
/ 47 pF
180 pF

N

Cable Correction Connections

Figure 3-12,

o 470 pF
GR

1800pF

Source

{Model 5909)
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3.5.4 Correction Procedure

As noted earlier, the following procedure must be per-
farmed the first time you use your system, and it should
also be performed when the ambient temperature
changes by more than 5°C from the correction point.

NOTE
This correcion procedure wuses the
CABLECAL.EXE utility, which is described in
more detail in Appendix G.

Proceed as follows:

1. While in the \KTHLY_CV\MODELS2 directory,
type in the following to run the cable calibration util-

ity:
CABLECAL <enter>

2. Toload an existing PKG82CAL.CAL calibration con-
stants file, press Alt-F, then select Load on the menu.
Select the existing PKG82CAL.CAL file, or type in
the name of the file (PKG82CAL.CAL).

3. Press Alt-E, then select Cable Cal Model 82 to cali-
brate the Model 82-DOS system.

4. If you are cable correcting your system for the first
time, enter the nominal, 1kHz, 100kHz, and IMHz
values where indicated (use the <Tab> key to move
around selections). Capacitor #1is the smaller of two
values, and Capacitor #2 is the large capacitor value
for a given range (see Table 3-1). Select OK after en-
tering source values to begin the calibration process.

5. Choose the CALIBRATE selection to perform the ca-
ble calibration procedure.

6. Follow the prompts on the screen to complete the
calibration process. During calibration, you will be
prompted to connect calibration capacitors, or to
leave the terminals open in some cases. If any errors
occur, you will be notified by suitable messages on
the screen.

7. After calibration is complete, you must save the new
calibration constants to the PKG82CAL.CAL file in
order for the Model 82-DOS main program to find
them at run time. To do so, Press Alt-F, the select

Save or Save As as required. If you use Save As, be
sure to specify the PKG82CAL.CAL filename.

3.5.5 Optimizing Correction Accuracy to

Probe Tips

To correct as close as possible to the probe tips, construct
two BNC cables (502, low noise if possible) equal in
length to the distance from the last BNC connectors to the
probe tips. Connect these substitute cables in place of the
last cables with prober, and perform the correction proce-
dure outlined in paragraph 3.5.4. After correction, re-
place the original cabies.

3.6 CHARACTERIZING DEVICE
PARAMETERS

Before device measurement, it is necessary to determine
sweep parameters to make certain the device is properly
biased in inversion and accumulation during the sweep.
Also, optimum delay time, toeLay, must be determined to
ensure that the device remains in equilibrium. In addi-
tion, it is often desirable to verify Cox, Cumy, and Rsermes.
The following paragraphs discuss the procedures for
characterizing these device parameters.

3.6.1 Device Characterization Menu

To characterize device parameters, select option 3, Com-
pensate for Rseries and Determine Device Parameters on
the Model 82-DOS main menu. The menu shown in
Figure 3-13 will be displayed. By selecting appropriate
options, you can perform the following:

1. Program measurement parameters as required.

2. Perform a diagnostic C-V sweep.

3. Graph the results of the diagnostics C-V sweep in or-
der to check for proper accumulation and inversion
voltages, as well as to verify device type.

4. Bias the device in accumulation to determine Rseres,
Cox, Tox, and /or gate area.

5. Bias the device in inversion and determine Cymv and
equilibrium delay time.
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///F ** Characterization of Device Parameters ** ﬂ\\\

OPEN CIRCUIT SUPPRESS SHOULD PRECEDE EACH MEASUREMENT

Set Heasurement Parameters
Run Diagnostic CV Sweep
Graph Diagnostic Sweep Data to Determine INVERSION & ACCUMULATION Voltages.

ACCUMULATION: Determine Rseries, Cox, Tox, and/or Area.
INVERSION: Determine Cmin and Equilibrium Delay Time.
Return to Main Menu

[=aBK 4, BE SR SV O
o e e e

Enter number to select from menu :

N

Figure 3-13.  Device Characterization Menu
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3.6.2 Running and Analyzing a

Diagnostic C-V Sweep

Before testing for other device parameters, you should
run a diagnostic sweep on the device to check to seethat
proper start and stop voltages have been programmed
for the accumulation and inversion of the curve.

Procedure

1. Beforerunninga sweep, verify connections and sup-
press if necessary, as outlined in paragraph 3.4.5.

2. Select menu option 1, Set Measurement Parameters,
and program the following:

Range: 200pF or 2nF depending on expected capaci-
tance

Frequency: 100kHz or TMFHz, as required.

Model: Parallel

Start V: As required to bias the device in accumuia-
tion.

Stop V: As required to bias the device in inversion
T delay: 6.07sec

Step V: 50mV

C-Cap: Off

Filter: On

When programming voltage parameters, remember
that the voltage polarity is at the gate with respect to
the substrate. Thus, to begin the sweep in inversion
on an n-type material. Start V would be negative and
Stop V would be positive.

3. Return to the characterization menu by pressing “E”
then ENTER.

4. Select option 2, Run Diagnostic C-V Sweep, on the
menu, then press “Z” to enable suppress if Co, Cs, or
G offsets are >1% of anticipated measured values for
the DUT you are testing.

5. Place the probes down on the contact points for the
device to be tested and close the fixture shield.

6. Press “S” to initiate the sweep after Q/t settles to the
system leakage level. You can abort the sweep, by
pressing any key, if desired.

7. After you are prompted that the sweep is completed,
press any key toreturn to the characterization menu.

8. Select option 3, Graph Diagnostic Sweep Data. See
the discussion below for interpretation of the C-V
graph and recommendations. Press ENTER to re-
turn to the menu.

Analyzing the Results

The high-frequency curve should be analyzed to ensure
that the sweep voltage range is sufficient to bias the de-
vice well into both accumulation and inversion. Typical
C-V curves are shown in Figure 3-14 and Figure 3-15. It
may be necessary to re-program the Start V or the Stop V
(or both) to bias the device properly. Re-run the sweep to
verify that the new values are appropriate.

The curves can also be used to verify the type of material
under test. As shown in Figure 3-14, an n-type material is
biased in inversion when the gate voltage is substantially
negative, while the device is in accumulation when the
gate voltage is positive. Note that the high-frequency ca-
pacitance in inversion is much lower than the high-fre-
quency capacitance in accumulation.

The same situation holds true for p-type curves
(Figure 3-15) except the polarities are reversed. In this in-
stance, inversion occurs for gate voltages much greater
than zero, while the accumulation region occurs when
the device is biased negative.

The oxide capacitance, Cox, is simply the maximum high-
frequency capacitance when the device is biased in accu-
mulation. Its value can be taken directly from the C-V
plot, or more accurate Cox value can be determined using
the procedure in the next paragraph.

The minimum high-frequency capacitance, Cvv, can also
be determined from the graph, or its value can be deter-
mined more accurately using the procedure in paragraph
3.6.4.
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-Cox
Ca .
Inversion Depletion
Accumulation
Capacitance
Onset of Strong
Inversion \
CH i
CMIN
-
Vas VTHRESHOLD Vig Vas
GATE BIAS VOLTAGE, V g g
Figure 3-14,  C-V Characteristics of n-type Material

Cox
Ca
Depletion Invergion
Accumulation
Capacitance
Onset of Strong Inversion
J / .
— CH
CMiN
B
Vas Ves V THRESHOLD +Vasg

GATE BIAS VOLTAGE, V ¢

Figure 3-15.  C-V Characteristics of p-type Material
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3.6.3 Determining Series Resistance,

Oxide Capacitance, Oxide Thick-
ness, and Gate Area

Series Resistance

Devices with high series resistance such as those with
epitaxial layers or with substrates with low doping can
cause measurement and analysis errors unless steps are
taken to compensate for this error term. Uncorrected se-
ries resistance can result in an erronecusly low capaci-
tance and a distorted G-V curve. (See Figure 4-8 and 4-9
for a comparison of uncompensated and compensated
G-V curves.)

The Model 82-DOS software uses the three-element
model described in paragraph 4.5.2 to compensate for se-
ries resistance. The series resistance, Rsers, is an analysis
constant that can be entered as described below. The de-
fault value for Rezrms i3 0, which means that data will be
unaffected if the value is not changed.

The Model 82-DOS software determines the displayed
value of Reeries by converting parallel model data from
the Model 590 into series model data. The resistance
value corresponding to the maximum high-frequency ca-
pacitance in accumulation is defined as Regrgs.

In conjunction with the added series resistance compen-
sation, all displayed readings will be labelled as being
either COMPENSATED or UNCOMPENSATED. Cer-
tain compensated readings are also compensated for gain
and offset values (see below). Capacitance and conduc-
tance values used for analysis are also compensated for
series resistance,

Oxide Capacitance, Oxide Thickness, and Gate Area

The oxide capacitance, Cox, is determined by biasing the
device in accumulation and noting the high-frequency
capacitance, which is essentially the oxide capacitance,
Cox. Once Cox is known, the oxide thickness (tox) or area
{A) can be calculated. Note that these values are saved
with the data and are used for analysis, as discussed in
Section 4.

Procedure

10.

11.

12.

. Select option 4 on the Characterization of Device Pa-

rameters menu.

Press “M”, and program the Bias V parameter neces-
sary to bias the device in strong accumulation. Refer
to the diagnostic curves made as outlined in para-
graph 3.6.2 to determine optimum accumulation
voltage. All other measurement parameters should
remain the same as determined in paragraph 3.6.2.

NOTE
The Bias V value must be properly set to bias
the device in strong accumulation in order to
accurately determine both Rseres and Cox.

Verify that the probes-up uncompensated capaci-
tance is zero, and suppress by pressing “Z” if neces-
sary.

Place the probes down on the device contact points,
and close the test fixture shield.

Note the uncompensated high-frequency capaci-
tance displayed on the computer screen, and verify
that itis stable. A typical display, including compen-
sated and uncompensated readings, is shown in
Figure 3-16. Note that compensated readings take
into account the effects of Reeras, gain, and offset.
To change Rsews, Cox, tox, and/or gate area, press
IICJ!'

The recommended value of Reerirs will be calculated -
and displayed.

Type in the recommended series resistance value, or
enter your own value, if desired.

The recommended oxide capacitance value will be
displayed. At this point, you can type in the recom-
mended value for Cox, or choose your own value, if
desired.

You can now choose to enter oxide thickness or gate
area. Enter the gate area in cm?, or enter the oxide

thickness in nm. NOTE: To convert run to A , multi-

ply by a factor of 10. For example, Inm =10 A |
After these parameters are entered, updated Reeries,
Cox, tox, and gate area values will be displayed.
Press “Q” once data entry is complete to return to the
previous menu.
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r *% Determine Rseries, Cox, tox, and/or Area ** \

{Use measurement parameters to set Bias V to ACCUMULATION)

press 'M' set measurement parameters.

press 'Z' to suppress Cq, Ch, and G (probe up).

press 'R' tc remove suppress.

press 'C' te change Rseries, Cox, tox, and/or Area.

press 'G' to change Gain/Offset constants.

press 'Q' to Quit,

{ keyboard response is affected by delay time )
Suppress is OFF.

+0.0000E+00
+0,0000E+00

Cox(pF)
Arealcm”2)

+0, 0G00E+00 Rseries{ohms)
+0. 0000E+Q0 tox{nm}

o
nn

Gain, Offset, and Rseries COMPENSATED READINGS

Quasistatic : Cg (pF) Q/t (pA)
+0.5 +0.000
High freq : Ch (pF) G (ud) Bias Vgs
~0.4 -4 . 0000E+G0 +0.000
UNCOMPENSATED READINGS
Quasistatic : Cq (pF} Q/t (pA)
+0.5 +0.000
High freq : Ch (pF) G (usS) Bias Vgs
-0.4 ~4 , 0000E+00 +0.000

- )

Figure 3-16.  Series Resistance and Oxide Capacitance

Setting Gain and Offset Values 2. Press “G” to enter gain and offset constants.
3. Follow the prompts on the screen to enter desired Co
Separate gain and offset constants can be applied to both and Cu gain and offset constants.

Coand Cr to aid in curve alignment or to compensate for
measurement errors. Gain and offset constants are ap-

plied to capacitance values used for analysis and are also NOTE
used to display compensated readings. Gain and offset To disable gain and offset, enter a value of 1
constants can be changed as follows: for gain, and enter a value of O for offset.

1. Select option 4 on the Characterization of Device Pa-
rameters menu. 4. Press “Q” to return to the previous menu.
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3.6.4 Determining Cun and Optimum

Delay Time
Cwmin DPescription

The minimum capacitance, Cum, is an analysis constant
used to calculate the average doping concentration, Nave
(paragraph 4.5.10). Basically, Cyvm is the high-frequency
capacitance measured when the device is biased in
strong inversion. The procedure to determine Cuv is cov-
ered below.

Delay Time Description

For accurate measurements, the delay time must be care-
fully chosen to ensure that the device remains in equilib-
riwm in the inversion regjon during a sweep. The proce-
dure covered in this section discusses methods to find the
optimum delay time from Q/tvs. Vand Cvs. V curves. A
test fixture light can be controlled to speed up device
equilibrium. Note that the total test time is about 25 times
the maximum delay time, Taax.

Delay Time Filtering

Since the reading signal-to-noise ratio is proportional to
the delay time, short delay time readings are filtered us-
ing an averaging algorithm in order to increase the sig-
nal-to-noise ratio of those readings. Averaging is related
to the maximum delay time, Tma, as follows:

Delay Time Number Readings
Averaged

0.01Tmax 100

0.02 Tmax 50
0.04Tmax 25
0.06Tmax 11
0.08Tmax 6
20.10Tmax 1

Delay Time Menu

Select option 5, Determine Cyan and Equilibrium Delay
Time. The computer will then display the menu shownin
Figure 3-17. Through this menu, you can choose the fol-
lowing options.

1. Set Measurement parameters (M).
2. Suppress strays and leakages (Z).
3. Display “raw” readings (R).

4. Toggle light on or off (L). If your test fixture is
equipped with alight to shine on the device, you can
turn it on to reach the equilibrium point more rap-
idly. See paragraph 3.8 for information on connect-
ing a light to the system.

5. Enter maximum delay time (D). Keep in mind that
the plot will take about 25 times the maximum delay
time to complete. For example, if you program a
maximum delay time of 10 seconds, the plot will take
about 250 seconds to complete.

6. Start measurement (5).

7. Graph data points {(G) Co and Q/t vs. toeay will be
plotted by this option.

8. Print data points (P). After the measurement is com-
pleted, you can print out the data points on the
printer by selecting this option.

9. View data points on CRT (V).

10. Enter Cum (C).
11. Quit (Q). Pressing “Q” returns you to the previous
menu.

Procedure

1. Perform probes-up suppression, by pressing “Z".
2. Press “M”, and program the following parameters.

Range: 200pF or 2nF, depending on expected capaci-
tance.

Bias V: As required to bias device in strong inversion
{Use value from diagnostic plot).

Step V: Set amplitude to be used when actually test-
ing device (polarity is derived from Start V and Stop
V).

C-Cap: Off except for leaky devices (see discussion
below).

Filter: On.

3. Place the probes down on the device contact points
and close the test fixture shield.

4, Press “D”, and enter the desired maximum delay
time. For an unknown device start with a time of
30-50sec for easiest interpretation.

5. If a light is connected to your system, press “L” to
turn on the light to achieve equilibrium more rap-
idly. Note that the light status is indicated on the
computer CRT.

6. Observe the 3/t readings on the computer CRT.
Wait until the Q/t value is reduced to the system
leakage level. At this point, the device has reached
equilibrium.

7. Hyouareusing alight, turn it off once equilibrium is
reached before making the measurement by press-
ing “L”. Again, the status of the light will be indi-
cated on the computer CRT (it may take a few mo-
ments for the device to settle after the light is turned
off).
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Supress is OFF.
Light Drive is OFF.
Max delay time= 10.00 seconds.

N

** Determine Cmin and Equilibrium Delay Time **
{Uge measurement parameters to set Bias V to INVERSION)

press 'M' to set measurement parameters

press 'Z' to suppress Cq, Ch, G (probe up).

press 'R' to remove suppress.

press 'L' to toggle light on/off press 'V' to view data points
press 'D' to enter max DELAY TIME press 'G' to graph data points
press 'S' to start measurement press 'P' to print data peints
press 'Q' to Quit press 'C' to enter Cmin

( note: keybocard response is affected by

Sweep will take 226 seconds.

Gain and Offset COMPENSATED READINGS

Quasistatic : Cqg (pF) Q/t {ph)
+0.3 +0.100
High freg : Ch (pF) G {(u8) Bias Vgs
-0, 4 ~4, Q0D0E+QQ +0.000

~

delay time)

Figure 3-17.

10.

11.

Caum and Delay Time Menu

Press “C” to enter Cwvmv, which is the currently dis-
played high-frequency capacitance (Cw).

Press “S” to begin the delay time measurement. The
computer will display the values of Co, Q/t, and
toeLay on the CRT, up to a maximum of 11 points.
Once all points have been taken, press “G” to gener-
ate the Q/t and Cq vs. toreay graph, an example of
which is shown in Figure 3-18. Note that both Q/t
and Cq will be automatically scaled along the Y axis
of the graph.

Once the graph is completed, note both the Q/tand
capacitance curves. The optimum delay time occurs
when both curves flatten out to a slope of zero. For

12.

13

maximum accuracy, choose the second point on the
curves after the curve in question has flattened out
(see discussion below for additional considerations).
After choosing the optimum delay time, exit the
graph submenu. You can now print out or view your
data points on the printer by pressing “P” or “V” if
desired.

Once the optimum delay time has been accurately
determined, press “M”, and program T Delay with
the optimum delay time value determined by this
procedure. Use this delay time when testing and
measuring the device, as described in paragraph 3.7.
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Figure 3-18.Q/t and Cq vs. Delay Time Example

41
DELAY TIME (sec) x 10M

.61 81 1.01

Analyzing the Results

For best accuracy, you should choose a delay time corre-
sponding to the second point on the flat portion of both
the capacitance and Q/t curves, as shown in Figure 3-19.
of course, for long delay fimes, the measurement process
can become inordinately long with some devices. To
speed up the test, you might be temnpted to use a shorter
delay time, one that results in a compromise between
speed and accuracy. However, doing so is not recom-
mended since it is difficult to quantify the amount of ac-
curacy degradation in any given situation.

Determining Delay Time with Leaky Devices

When testing for delay time on devices with relatively
large leakage currents, it is recommended that you use
the corrected capacitance feature, which is designed to
compensate for leakage currents. The reason for doing so
is illustrated in Figure 3-20. When large leakage currents
are present, the capacitance curve will not flatten out in
equilibrium, but will instead either continue to rise (posi-
tive Q/1) or begin to decay (negative Q/t).

Using corrected capacitance results in the normal flat ca-
pacitance curve in equilibrium due to leakage compensa-

tion. Note, however, that the curve taken with corrected
capacitance will be distorted in the non-equilibrium re-
gion, so data in that region should be considered to be in-
valid when using corrected capacitance.

NOTE
If it is necessary to use corrected capacitance
when determining delay time, it is recom-
mended that you make all measurements on
that particular device using corrected capaci-
tance (C-cap on). Return to the set parameters
menu to turn on C-cap.

Testing Slow Devices

A decaying noise curve, such as the dotted line shown in
Figure 3-19, will result if the maximum delay time is too
short for the device being tested. This phenomenon,
which is most prevalent with slow devices, occurs be-
cause the signal range is too small. To eliminate such er-
roneous curves, choose a longer maximum delay time. A
good starting point for unknown devices is a 30-second
maximum delay time, which would result in a five-min-
ute test duration.
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Figure 3-19.

T Delay

Choosing Optimum Delay Time

Figure 3-20.
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Capacitance and Leakage Current Using Cotrected Capacitance
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3.7 MAKING C-V MEASUREMENTS

The following paragraphs describe procedures for mak-
ing C-V sweeps both manually, and automatically. Dur-
ing a sweep, the following parameters are stored within
an array for later analysis:

1. Cq (quasistatic capacitance). Co is measured by the
Model 595.

2. Q/t(current), as measured by the Model 595.

3. Cu (high-frequency capacitance). High-frequency
capacitance is measured at 100kHz or 1MHz (de-
pending on the selected test frequency) by the Model
590.

4. G (high-frequency conductance). The Model 590
measures the conductance of the device at 100kHz or
1MHz, depending on the selected test frequency.

NOTE
When using series model, resistance will be
stored and displayed instead of conductance.

5. Vgs (gate voltage). The gate voltage is measured by
the Model 590. Note that the gate voltage as it is used
by the computer is opposite in polarity from that dis-
played on the front panel of the Model 590 because of
the gate-to-substrate voltage convention used (gate
terminal connected to INPUT; substrate terminal
connected to QUTPUT).

3.71  C-V Measurement Menu

Figure 3-21 shows the menu for C-V measurements.
Various options on this menu allow you to program
menu parameters, manually starta C-V sweep, automati-
cally initiate the sweep, and access the analysis functions.
These options are discussed below.

3.7.2 Programming Measurement

Parameters
Menu Selections

By selecting option 1 on the C-V measurement menu, you
can access the parameter selection menu shown in
Figure 3-22. (Parameters can also be set from the sweep
menu by pressing “M”.) This menu allows you to pro-
gram the following parameters:

10.

Range for both quasistatic and high-frequency
measurements (200pF or 2nF). The measurement
ranges of both the Models 590 and 595 are set by this
parameter.

Frequency for high-frequency measurements
(100kHz or 1MFz). This parameter sets the operat-
ing frequency of the Models 590 and 5951.

Model (parallel or series). Model selects whether the
device is modeled as a parallel capacitance and con-
ductance, or a series capacitance and resistance.
Model affects only high-frequency capacitance and
conductance measurements. See paragraph 3.9.6 for
a discussion of series and parallel model.

Start V: (<120 <V <120). Start V is the initial bias volt-
age setting of a C-V sweep.

Stop V: (~120 £V £120). Stop V is the final bias volt-
age setting of a C-V sweep.

Bias V: Bias V is a static DC level applied to the de-
vice during certain static monitoring functions such
as leakage level tests and determining device Cox
and delay time. Note that the voltage source value
returns to the Bias V level after Stop V at the end of
the sweep.

T delay: (0.07 £ T < 199.99sec). Note that the time de-
lay must be properly programmed to maintain de-
vice equilibrium during a sweep, as discussed in
paragraph 3.6,

Step V: (10mV, 20mV, 50mV or 100mV): Step V is the
incremental change of voltage of the bias staircase
waveform. The polarity of Step V is automatically set
depending on the relative values of Start V and Stop
V. If Stop V is more positive than Start V, Step V is
positive; if Stop V is more negative than Start V, Step
V is negative.

C-Cap:(Corrected capacitance). Uses the corrected
capacitance program of the Model 595 when en-
abled. C-Cap should be used only when testing
leaky devices. As discussed in paragraph 3.6, C-cap
should be used for device measurement if you found
it necessary to use C-cap when determining delay
time.

Filter: Sets the Model 595 to Filter 2 when o, Filter 0
(off) when off. The Model 590 filter is always en-
abled.

NOTE
The filter may distort the quasistatic C-V
curve if there are less than 50 readings in the
depletion region of the curve. Turning off the
filter will increase reading noise by 2.5 times.
See the Model 595 Instruction Manual for
complete filter details.
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** Device Measurement and Analysis **
OPEN CIRCUIT SUPPRESS SHOULD PRECEDE EACH MEASUREMENT

. Set Measurement Parameters
. Manual Start CV Sweep

Auto Start CV Sweep

. Analyze Sweep Data

Return te Main Menu

L6, B R

Enter number to select from menu :

o /

Figure 3-21.  Device Measurement and Analysis Menu
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** Measurement Parameter List **

R1 for 200pF, R2 for 2nF

Fl for 100KHZ, F2 for lMHZ

M1 for parallel, M2 for series

An, =120 <= n <= 120

On, =120 <= n <= 120

Bn, =120 <= n <= 120

Tn, 0.07 <= n <= 199.99

S10, 3820, 850 eor S100

Cl1 for leakage correction off, C2 for on
Il for filter off, I2 for on

Sweep will take = 0.4 minutes.

Keep start V and stop V within 40 velts of each other.

Keep number of samples within 4 and 1000 peints with filter off.
Keep number of samples within 50 and 1000 points with filter on.

Range: 2 Enter
Freg : 2 Enter
Model: 1 Enter
Start V: 2.00 V. Enter
Step Vi -2.00 V. Enter
Biag V: 0.00 V. Enter
TDelay: 0.07 sec. Enter
Step V: 20 mV. Enter
CCap: 1 Enter
Filter: 2 Enter
Number of samples = 93
NOTE: 13
27
3)
Enter selection :

Enter changes one change at a time. Enter E when done, * for files,.

\

Figure 3-22.  Parameter Selection Menu
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Determining the Number of Readings in a Sweep

The number of readings (bias step) in a given sweep is de-
termined by Start V, Stop V, and Step V, as well as
whether or not the filter is enabled. The number of read-
ings is determined as follows:

R = INT [{ABS{Vstor — Vsrarr) / 2Vsrer) — F]

Where: R =number of readings in the sweep
INT = take the integer of the expression
ABS = take the absolute value of the expression
Vsrop = programmed stop voltage
Vsrarr = programmed start voltage
Vsrer = programmed step voltage
F = 2 if the filter is off
F = 6 if the filter is on

Example: Assume that Start V and Stop V are +10V and
-10V respectively, and that Step V is 100mV. With the fil-
ter on, the number of readings is:

R =INT [(ABS (~10-10)/.2) -6]
R=94
Sweep Duration Display

The sweep duration will be displayed on the measure-
ment parameters menu. The sweep duration depends on
the number of samples and the delay time.

Programming Parameters

To program a parameter, type in the indicated menu let-
ter followed by the pertinent parameter. The examples
below will help to demonstrate this process.

Example 1; Select IMHz High-frequency Operation
To select high frequency operation, simply type in F2 at
the command prompt and press the ENTER key.

Example 2: Program a +15V Bias V

Type in B15 and press the ENTER key.
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Example 3: Select 0.1sec Delay Time

Type in T.1 and press the ENTER key.

Example 4: Program a 20mV Step Voltage

Type in 520 and press the ENTER key.

Programming Considerations

When selecting parameters, there are a few points to keep
in mind, including;

1. The maximum difference between the programmed
Start V and Stop V is 40V. Exceeding this value will
generate an error message.

2. Voltage source polarity is specified at the gate with
respect to the substrate. For example, with a positive
voltage, the gate will be biased positive relaiive to
the substrate. Thus, an n-type material must be bi-
ased positive fo be in the accumulation region.

3. Time delay must be carefully chosen so that the de-
vice remains in equilibrium throughout the sweep.
The procedure to determine optimum delay time is
covered in paragraph 3.6. Failure to program proper
delay time will distort quasistatic and high-fre-
quency C-V curves. See paragraph 3.9 for additional
measurement considerations.

4. The filter should be used only when more than 50
readings in the fundamental change area of the
curve are taken; see the Model 595 Instruction Man-
ual, paragraph 3.12 for more information. Note that
the parameter menuincludes anote to remind you of
the 50-reading limitation because you will not be
able to exit the parameter menu with the filter onand
<50 points.

Saving/Recalling Parameters

By pressing the “*” key, you can save or load parameters
to or from diskette. Press “S” (save) or “L” (load) to carry
out the desired operation. You will then be prompted to
typein the filename to be saved or loaded. An error mes-
sage will be given if a file cannot be found or will be over-
written. Donotinchiide the PAR extension when specify-
ing the filename.

When the save option is selected, the parameter values
currently in effect will be saved under the selected file-
name. Parameters loaded from an existing file will be up-
dated to conform to the new values.
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NOTES

1. Youcanautomatically load a parameter file and start
the program at the measurement menu by including
the parameter filename with the program run com-
mand. See paragraph 2.4.9.

2. To save or load a parameter file in a directory other
than the default directory, include the complete path
in the filename (for example, A: MYFILE or C:
\TESTS\MYFILE).

Returning to Previous Menu

After all parameters have been programmed (or loaded
from disk), press “E” to return to the previous menu.

3.7.3 Selecting Optimum C-V

Measurement Parameters

When programming C-V measurement parameters,
keep the following points in mind. Refer to paragraph 3.9
for a more complete discussion of these and other consid-
erations.

Choosing Optimum Start and Stop Voltages

Most C-V data is derived from the steep transition, or de-
pletion region of the C-V curve (see Figures 3-14 and
3-15). For that reason, start and stop voltages should be
chosen so that the depletion region makes up about 1/3
to 2/3 of the voltage range.

The upper flat, or accumulation region of the high-fre-
quency C-V curve defines the oxide capacitance, Cox.
Since most analysis relies on the ratio C/Cox, itis impor-
tant that you choose a start or stop voltage (depending on
the sweep direction) to bias the device into strong accu-
mulation at the start or end of the sweep.

See paragraph 3.6.3 for the procedure to determine Cox.

Selecting the Number of Data Points

Therelative values of the start, stop, and step voltages de-
termines the number of data points in the sweep. When
choosing these parameters, some compromise is in order

between having too few data points in one situation, or
too many data points in the other.

The complete doping profile is derived from data taken
in the depletion region of the curve by using a derivative
calculation. As the data point spacing decreases, the ver-
tical point scaling is increasingly caused by noise rather
than changes in the desired signal. Consequently, choos-
ing too many points in the sweep will result in increased
noise rather than an increased resolution in measure-
ment of the C-V waveform.

To minimize noise, choose parameters that will yield a
capacitance change of approximately ten times the per-
centage error in the signal. For Model 82-DOS, the opti-
mum step size is about 5-10% change in capacitance
value per step.

Sweep Direction

For high-frequency C-V sweeps only, you can sweep
either from accumulation to inversion, or from inversion
to accumulation. Sweeping from accumulation to inver-
sion will allow you to achieve deep depletion—profiling
deeper into the semiconductor than you otherwise
would obtain by maintaining equilibrium. When sweep-
ing from inversion to accumulation, you should use a
light pulse to achieve equilibrium before the sweep be-

gins.

3.7.4 Manual C-V Sweep

Description

A manual C-V sweep requires that you observe device
leakage, and then manually trigger the sweep. When
sweeping from inversion to accumulation, you should
wait for the device to attain equilibrium. An optional
light can be controlled to speed up the equilibrium proc-
ess.

Procedure

1. Selectthe Manual Start C-V Sweep Option. The com-
puter will display the options in Figure 3-23. Note
that displayed readings are compensated for gain,
offset, and series resistance.

2. Verify a zero probes-up capacitance, and suppress if
necessary (press “Z").
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( **x Manual Start Sweep Measurement **

press 'M' to set measurement parameters
press 'Z' to suppress Cq, Ch, G {probe up).
pregs 'R' to remove suppress,
press 'L' to toggle light on/off
press 'S' to start sweep
press 'Q' to Quit
{note: Keyboard response time is affected by delay time)
Suppress is OFF. Sweep will take =
Light Drive is OFF.

Gain, Offset and Rseries COMPENSATED READINGS

Quasistatic : Cqg (pF) Q/t (phA)
+0.3 +0,000
High freq : Ch (pF) G (us) Start Vgs
-0.5 ~3.0000E+00 +1.950

-

0.4 minutes.

\

Figure 3-23.  Manual Sweep Menu

3. Press “M” and program the following parameters.
) . graph 3.6.
Range: As required for the expected capacitance.

Frequency: 100kHz or 1MHz as required. 3.6)

Model: Parallel or series as required.
Filter: On

Start V: Accumulation or inversion voltage, as deter-
mined in paragraph 3.6.

Step V: Same as used when testing device in para-

C-Cap: Off except for leaky devices (see paragraph

Stop V: Inversion or accumulation voltage, as deter-
mined in paragraph 3.6.

T Delay: As required to maintain equilibrium (See
paragraph 3.6}
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4, f sweeping from accumulation to inversion, moni-

tor the current until it reaches the system leakage
level, as discussed in paragraph 3.4. When the cur-
rent reaches the system leakage level, press “5” to
trigger the sweep.
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5. If sweeping from inversion to accumulation, wait
until the device reaches equilibrium (equilibrium oc-
curs when Q/t decays to the system leakage level). If
a light is connected to the system, press “L” to turn
on the light to speed up equilibrium. Turn off the
light once equilibrium is reached prior to inifiating
the sweep (it may take a few moments for the device
to settle after turning off the light). Press “S” to initi-
ate the sweep.

6. The computer will then display a message that the
sweep is in progress. During the sweep, you can
press any key to abort, if desired.

7. Following the sweep, press any key to refurn to the
previous menu.

8. Select option4 to view and analyze the data. Refer to
Section 4 for complete details on data analysis. Note
that Cox, area, and Newx values, as previously used
in analysis may not apply to this measurement, and
may require changing before analysis.

3.7.5 Auto C-V Sweep

Description

The auto sweep procedure is similar to that used for man-
ual sweep, except that you can program the current trip
point at which the sweep will automatically begin. Other-
wise, the procedure is essentially the same, as outlined
below.

Procedure

1. Select Auto Start C-V Sweep. The computer will dis-
play the options in Figure 3-24. Note that displayed
readings are compensated for gain, offset, and series
resistance.

2. Verify a zero probes-up capacitance and suppress if
necessary, (press “Z").

3. Press “M"” and program the following parameters.

Range: As required for the expected capacitance.
Frequency: 100kHz or IMHz as required.

Model: Paralle] or series as required.

Start V: Accumulation or inversion voltage, as deter-
mined in paragraph 3.6.
Stop V: Inversion or accurnulation voltage, as deter-
mined in paragraph 3.6.

T Delay: As required to maintain equilibrium (See
paragraph 3.6)

Step V: Same as used when testing device in para-
graph 3.6.

C-Cap: Off except for leaky devices.
Filter: Cn

4. Press “G” and the type in the desired leakage trip
point when prompted to do so. Typically, this value
will equal the system leakage level, as determined in
paragraph 3.4.

5. Press “T” to select above or below trip threshoeld.

6. Ifsweeping frominversion to accumulation, you can
turn on the light (if so equipped) to speed up equilib-
rium by pressing “L”. Be sure to turn off the light
once equilibrium is reached before initiating the
sweep (it may take a few moments for the device to
settle after turning off the light).

7. Press “A” to arm the sweep. The computer will con-
tinue to monitor readings while waiting for the trip
point.

8. Once the leakage current reaches the trip point, the
sweep will be initiated automatically. During the
sweep, you can press any key to abort the process.

9. Oncethesweepis completed, press any key to return
fo the previous menu.

10. Select option 4, Analyze C-V Data, to view or graph
the data. Section 4 covers analysis in detail.

3.7.6  Using Corrected Capacitance

When making quasistatic measurements on leaky de-
vices, it is recommended that you use the corrected ca-
pacitance function to compensate for leakage. Otherwise,
the resulting quasistatic C-V curves will be tilted because
of the leakage resistance of the device or test system.
When using corrected capacitance, it is very important
that the device remain in equilibrium throughout the
sweep. Data taken in non-equilibrium with corrected ca-
pacitance enabled should be considered to be invalid,
and the resulting curve will be distorted in the non-equi-
librium region of the curve.

NOTE
If you found it necessary to use corrected ca-
pacitance when determining delay time
(paragraph 3.6), it is recommended that you
also use corrected capacitance when measur-
ing the device.
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a a

X% Ayto Start Sweep Measurement **

preas 'M' to set measurement parameters
press 'Z' to suppress Cq, Ch, and G {(probe up).
press 'R' te remove suppress.
press 'T' to toggle trigger region
press 'G' to set start sweep threshold current
press 'L' to toggle light on/off
press 'A' to arm sweep
press 'Q' to Quit

(note: Keyboard respongse time is affected by delay time)

Suppress is OFF. Sweep will take = 0.4 minutes.
Light Drive is QFF. Thresheld current = 0 pA
Arm sweep is OFF Trigger on »= threshold

Gain, Offset and Rseries COMPENSATED READINGS

Quasistatic : Cq {(pF) Q/t (ph)
+1.5 -0.100
High freq : Ch (pF? G (usS) Start Vgs
-0.4 -4 . Q000E+QQ +1.960

o _/

Figure 3-24.  Auto Sweep Menu
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3.8 LIGHT CONNECTIONS

A user-supplied light can be connected to the system in
order to help attain device equilibrium in inversion more
rapidly. This light is controlled through appropriate ter-
minals on the DIGITAL I/O port of the Model 5951 Re-
mote Input Coupler. The following paragraphs discuss
DIGITAL 1/0 port terminal assignments along with
typical light connections.

3.8.1 Digital I/O Port Terminals

Table 3-2 summarizes the terminal assignments for the
DIGITALI/O port of the Model 5951. Figure 3-25 shows
the pinouts for the supplied mating connector. Terminals
include:

Table 3-2. Digital I/O Port Terminal
Assignments

Terminal | Description

+5V Digital*
+5V Digital*
Digital Input 1**
Digital Input 2**
Digital Input 3**
Digital Input 4**
NC

NC

NC

Output"”*’*
Digital Common
Digital Common

kot
DRSS CeNe e wWN -

*+5V source through internal 330 resistor.
**Digital inputs passed through to Model 230-1
**Output controls light: HI=OFF; LO=ON

Digital VO Port
t 2 3 4 5 6

12 11 10 9 8 7

Figure 3-25.  Digital1/O Port Terminal Arrangement

+5V Digital {pins 1 and 2): +5V digital is supplied
through an internal 3342 resistor for short-circuit protec-
tion. Current draw should be limited to 20mA to avoid
supply loading.

Digital Inputs (pins 3-6): These terminals pass through
the digitalinputs to the Model 230-1. One possible use for
these inputs would be to monitor a test fixture closure
status switch. Note that the Model 82-DOS5 software does
not presently support reading the input terminals, but it
colld be modified to do so, if desired. The status of these
inputs can be read with the Ul command, as described in
the Model 230 Programming Manual.

OUTPUT: OUTPUT is intended for controlling an exter-
nal light source. Logic convention is such that OUTPUT
is LO when the software indicates that the light is OIN.
Note that OUTPUT is LS-TTL compatible with a guaran-~
teed 8mA current sink capability.

Digital Common: Provides a common connection for ex-
ternal circuits.

3.8.2 LED Connections

The digital output has sufficient drive capability to di-
rectly drive LEDs up to 8mA using the connecting
method shown in Figure 3-26. The anocde of the LED
should be connected to +5V, and the cathode should be
connected to OUTPUT through a 330Q current-limiting
resistor. Use of LEDs that draw more than 8mA isnot rec-
ommended.

3.8.3 Relay Control

For larger LEDs, or for small incandescent lamps, an ex-
ternal relay control circuit can be used to switch thelarger
current. Figure 3-27 shows a typical circuit. With the con-
figuration shown, a normally closed relay contact will be
necessary to ensure the light is on at the proper time.
Note that an external power supply will be necessary to
drive the external circuitry. The value of the base resistor
will depend on the current gain of the transistor as well as
the power supply voltage and relay coil resistance. For
example, with a supply voltage of 5V, a coil resistance of
500£2, and a current gain of 100, a base resistor value of
10k should be adequate to drive the transistor info satu-
ration.

3-33



SECTION 3
Measurement

e
+5V [ M
W [T 2
230 (
I{®] Led
Port I : D1
NG ———f—q R1
NG — 3300
NC
10
Output ! — €
Digital l
Common N/ I
5951
Digital
YO Port
Figure 3-26.  Direct LED Control

Lamp

R1

&
N Qi

Digital

Figure 3-27.  Relay Light Control
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3.9 MEASUREMENT CONSIDERATIONS

The importance of making careful C-V curve measure-
ments is often underestimated. However, errors in the
C-V data will propogate through calculations, resulting
in errors in device parameters derived from the curves.
These errors can be amplified during calculations by a
factor of 10 or more.

With careful attention, the effects of many common error
sources can be minimized. In the following paragraphs,
we will discuss some common error sources and provide
suggested methods for avoiding them.

3.9.1 Potential Error Sources

Theoretically, a capacitance measurement using one of
the common techniques would require only that two
leads be used to connect the measuring instrument to the
device under test (DUT}---the input and output. In prac-
tice, however, various parasitic or stray components
complicate the measuring circuit.

Stray Capacitances

Regardless of the measurement frequency, stray capaci-
tances present in he circuit are important to consider.
Stray capacitances can cause offsets when they are in par-
allel with the device, can act as a shunt load on the input
or output, or can cause coupling between the device and
nearby AC signal sources.

When stray capacitance is in parallel with the DUT, it
causes a capacitance offset, adding to the capacitance of
the device under test (Cour), as shown in Figure 3-28.
Shunt capacitance, on the other hand, often increases the
noise gain of the instrumentation amplifiers, increasing
capacitance reading noise (Figure 3-29). Shunt capaci-
tance aiso forms a capacitive divider with Cpur, steering
current away from the input to ground. This phenome-
non results in capacitance gain error, with the C-V curve
results shown in Figure 3-30.

Figure 3-28.

Offset

Normal
C-V Curve with Capacitance Offset

Figure 3-29.

dc

P

vV

C-V Curve with Added Noise

Figure 3-30.

P

v

With Gain Error
Normal

C-V Curve Resulting from Gain Error
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Stray capacitance may also couple current of charge from
nearby AC signal sources into the input of the measuring
instrument. This noise current adds to the device current
and resulis in noisy, or unrepeatable measurements. For
quasistatic measurements, power line frequency and
electrostatic coupling are particularly troublesome,
while digital and RF signals are the primary cause of
noise induced in high-frequency measurements.

Leakage Resistances

Under quasistatic measurement conditions, the imped-
ance of Cpur is almost as large as the insulation resistance
in the rest of the measurement circuit. Consequently,
even leakage resistances of 10"Q or more can contribute
significant errors if not taken into consideration.

Resistance across the DUT will conduct an error current
in addition to the device current. Since this resistive cur-
rent is directly proportional to the applied bias voltage,
and the capacitor current is not, the result is a capacitance
offset that is proportional to the applied voltage. The end
result shows up as a “tilt” in the quasistatic C-V curve, as
shown in Figure 3-31.

rerrnssa-ceeneeeae Tifted Curve Caused by
Leakage

Normal

Figure 3-31.  Curve Tilt Cause by Voltage Dependent

Leakage

3-36

Stray resistance to nearby fixed voltage sources results in
a constant (rather than a bias voltage-dependent) leakage
current. Other sources of constant leakage currents in-
clude instrument input bias currents, and electrochemi-
cal currents caused by device or fixture contamination.
Such constant leakage currents cause a voltage-inde-
pendent capacitance offset.

Keep in mind that insulation resistance and leakage cur-
rent are aggravated by high humidity as well as by con-
tarminants. In order to minimize these effects, always
keep devices and test fixtures in clean, dry conditions.

High-frequency Effects

At measurement frequencies of approximately 100kHz
and higher, the impedance of Cour may be so small that
any series impedance in the rest of the circuit may cause
errors. Whether such series impedance is caused by in-
ductance {such as from leads or probes), or from resis-
tance (as with a high-resistivity substrate), this series im-
pedance causes non-linearity in the measured capaci-
tance. The resulting C-V curve is, of course, affected by
such non-linearity, as shown in Figure 3-32. Note that
Model 82-DOS compensates for series resistance (see
paragraph 3.6.3).

------------------- With Nonlinearity
Normal

Figure 3-32.  C-V Curve Caused by Nonlinearity

Another high-frequency effect is caused by the AC net-
work formed by the instrumentation, cables, switching
circuits, and the test fixtures. Referred to as transmission
line error sources, the network essentially transforms the
impedance of Cpour when it is referred to the input of the
instrument, altering the measured value. Transmission
line effects alter the gain and produce non-linearities.
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3.8.2 Avoiding Capacitance Errors

The many possible error sources that can affect C-V
measurements may seem like a great deal to handle.
However, careful attention to a few key details will re-
duce errors to an acceptable level, Once most of the error
sources have been minimized, any residual errors can be
further reduced by using the probes-up suppression and
corrected capacitance features of the Model 82 software.

Key details that require attention include use of proper
cabling and effective shielding. These important aspects
are discussed below,

Cabling Considerations

Cables must be used to connect the instruments to the de-
vice under test. Ideally, these cables should supply the
test voltage to the device unaltered in any way. The test
voltage is converted into a current or charge in the DUT,
and should be carried back to the instruments undis-
turbed. Along the way, potential error sources must be
minimized.

Coaxial cable is usually used in order to eliminate siray
capacitance between the measurement leads. The cable
shield is connected to a low-impedance point (guard)
that follows the meter input. This technique, known as
the three-terminal capacitance measurement, is almost
universally used in commercial instrumentation. The
shield shunts current away from the input to the guard.

Coaxial cables also serve as smooth transmission lines to
carry high-frequency signals without attenuation. For
this reason, the cable’s characteristic impedance should
closely match that of the instrument input and output,
which is usually 500. Standard RG-58 cable is adequate
for frequencies in the range of 1kHz to more than 10MHz.
High-quality BNC connectors with gold-plated center
conductors reduce errors from high series contact resis-
tance.

Quasistatic C-V measurements are susceptible to shunt
resistance and leakage currents as well as to stray capaci-
tances. Although coaxial cables are still appropriate for
these measurements, the cables should be checked to en-
sure that the insulation resistance is sufficiently high
(>102Q). Also, when such cables are flexed, the shield
rubs against the insulation, generating small currents
due to triboelectric effects. These currents can be mini-
mized by using low-noise cable (such as the Model 4801)

that is lubricated with graphite to reduce friction and to
dissipate generated charges.

Flex-producing vibration should be eliminated at the
source whenever possible. If vibration cannot be entirely
eliminated, cables should be securely fastened to prevent
flexing.

One final point regarding cable precautions is in order:
Cables can only degrade the measurement, not improve
it. Thus, cable lengths should be minimized where possi-
ble, without straining cables or connections.

Device Connections

Care in properly protecting the signal path should not
stop at the cable ends where the connection is made to the
DUT fixture. In fact, the device connection is an ex-
tremely important aspect of the measurement. For the
same reasons given for coaxial cables, it is best to con-
tinue the coaxial path as close to the DUT as possible by
using coaxial probes. Also, it is important to minimize
stray capacitance and maximum insulation resistance in
the pathway from the end of the coaxial cable to the DUT.

Most devices have one terminal that is well insulated
from other conductors, as in the gate of an MOS test dot.
The input should be connected to the gate because it is
more susceptible to stray signals than is the output. The
output can better tolerate being connected to a terminal
with high shunt capacitance, noise, or poor insulation re-
sistance, although these characteristics should stilt be op-
timized for best results. '

Test Fixture Shielding

At the point where the coaxial cable shielding ends, the
sensitive input node is exposed, inviting error sources to
interfere. Proper device shielding need not end with the
cables or probes, however, if a shielded test fixture is
used.

A shielded fixture, sometimes known as a Faraday cage,
consists of a metal enclosure that completely surrounds
the DUT and leads. In order to be effective, the shield
must be electrically connected to the coaxial shield. Typi-
cally, bulkhead connectors are mounted to the side of the
cage to bring in the signals. Coaxial cables should be con-
tinued inside, if possible, or individual input and output
leads should be widely spaced in order to maintain in-
put/output isolation.
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3.9.3 Correcting Residual Errors

Controlling errors at the source is the best way to opti-
mize C-V measurements, but doing so is not always pos-
sible. Remaining residual errors include offset, gain,
noise, and voltage-dependent errors, Ways to deal with
these error sources are discussed in the following para-

graphs.

Offsets

Offset capacitance and conductance caused by the test
apparatus can be eliminated by performing a suppres-
sion with the probes in the up position. These offsets will
then be nulled out when the measurement is made.
Whenever the system configuration is changed, the sup-
pression procedure should be repeated. In fact, for maxi-
mum accuracy, it is recommended that you perform a
probes-up suppression or at least verify prior to every
measurement.

Gain and Nonlinearity Errors

Gain errors are difficult to quantify. For that reason, gain
correction is applied to every Model 82-DOS measure-
ment. Gain constants are determined by measuring accu-
rate calibration sources during the cable correction proc-
ess.

Nonlinearity is normally more difficult to correct for than
are gain or offset errors, The cable correction utility sup-
plied with Model 82-DOS, however, provides non-
linearity compensation for high-frequency measure-
ments, even for non-ideal configurations such as switch-
ing matrices.

Voltage-dependent Offset

Voltage-dependent offset {curve tilt) is the most difficult
to correct error associated with quasistatic C-V measure-
ments. It can be eliminated by using the corrected capaci-
tance function of the Model 82-DOS software. In this
technique, the current flowing in the device is measured
as the capacitance value is measured. The current is
known as Q/tbecause its value is derived from the slope
of the charge integrator waveform. Q/t is used to correct
capacitance readings for offsets caused by shunt resis-
tance and leakage currents.
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Care must be taken when using the corrected capacitance
feature, however. When the device is in non-equilibrium,
device current adds to any leakage current, with the re-
sult that the curve is distorted in the non-equilibrium re-
gion. The solution is to keep the device in equilibrium
throughout the sweep by carefully choosing the delay
time.

Curve Misalignment

At times, quasistatic and high frequency curves may be
slightly misaligned due to gain errors or external factors.
In such cases, curve gain and offset factors can be applied
to the curves to properly align them. This feature is avail-
able under the analysis and graphics menus.

Noise

Residual noise on the C-V curve can be minimized by us-
ing filtering when taking your data. However, the filter
will reduce the sharpness of the curvature in the transi-
tion region of the quasistatic curve depending on the
number of data points in the region. This change in the
curve can cause Cq to dip below Cu, resulting in errone-
ous Drr calculations. If this situation occurs, tuum off the
filter or add more data points.

3.9.4 Interpreting C-V Curves

Even when all the precautions outlined here are fol-
lowed, there are still some possible obstacles to success-
fully using C-V curves to analyze semiconductor devices.
Semiconductor capacitances are far from ideal, so care
must be taken to understand how the device operates.
Also, the curves must be generated under well-con-
trolled test conditions that ensure repeatable, analyzable
resulis.

Maintaining Equilibrium

The condition of the device when all internal capaci-
tances are fully charged is referred to as equilibrium.
Most quasistatic and high-frequency C-V curve analysis
is based on the simplifying assumption that the device is
measured in equilibrium. Internal RC time constants
limit the rate at which the device bias may be swept while
maintaining equilibrium. They also determine the hold
time required for device settling after setting the bias
voltage to a new value before measuring Cpur.

The two main parameters to be controlled, then, are the
bias sweep rate and the hold time. When these parame-
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ters are set properly, the normal C-V curves shown in
Figure 3-33 result. Once the proper sweep rate and hold
time have been determined, it is important thatall curves
compared with one another be measured under the same
test conditions; otherwise, it may be the parameters, not
the devices themselves, that cause the compared curves
to differ.

Analyzing Curves for Equilibrium

There are three primary indicators that can be used to de-
termine whether a device has remained in equilibrium

during testing. First, as long as a device is in equilibrium,
Cour is settled at all points in the sweep. As a result, it
makes no difference whether the sweep goes from accu-
mulation to inversion, or from inversion to accumula-
tion, nor does it matter how rapidly the sweep is per-
formed. Therefore, curves made in both directions will be
thesame, exhibiting no hysteresis, and any curve madeat
a slower rate will be the same. Figure 3-34 shows the type
of hysteresis that will occur if the sweep rate is too fast,
and the device does not remain in equilibrium.

The second equilibrium yardstick requires that the DC
current through the device be essentially zero at each

Accumuiation

Depletion

High-Frequency
Deep Depletion

Inversion

Quasistatic

High Frequency

Figure 3-33.

V substrate

Normal C-V Curve Results When Device is kept in Equilibrium

A. QUASISTATIC

Figure 3-34.

coresannacerneneeee - TOO Rapid

Normal

Curve Hysteresis Resulting When Sweep is too Rapid

‘C

B. HIGH FREQUENCY

3-39



SECTION 3
Measurement

measurement point after device settling. This test can be
performed by monitoring Q/t. Thirdly, the curves
should exhibit the smooth equilibrium shape. Deviations
from the ideal smooth shape indicate a non-equilibrium
condition, as in the examples resulting from too short a
hold time shown in Figure 3-35. Note that at least two of
these indicators should be used together, if possible, be-
cause any of the three alone can be misleading at times.

One final quick test to confirm equilibrium is to observe
Cqg during a hold fime at the end of the C-V sweep from
accumulation to inversion. During this final hold time,
the capacitance shouid remain constant. If a curve has
been swept too quickly, the capacitance will rise slightly
during the final hold time.

Initial Equilibrium

Biasing the device to the starting voltage in the inversion
region at the beginning of a C-V measurement creates a
non-equilibrium condition that must be allowed to sub-
side before the C-V sweep begins. This recovery to equi-
librium can take seconds, minutes, or even tens of min-
utes to achieve. For that reason, it is generally advanta-
geous to begin the sweep in the accumulation region of
the curve whenever possible.

Still, it is often necessary to begin the sweep in the inver-
sion region to check for curve hysteresis. In this case, a
light pulse, shone on the device, can be used to quickly
generate the minority carriers required by the forming in-

version layer, thus speeding up equilibrium and shorten-
ing the hold time.

The best way to ensure equilibrium is initially achieved is
to monitor the DC current in the device and wait for it to
decay to the DC leakage level of the system. A second in-
dication that equilibrium is reached is that the capaci-
tance level at the initial bias voltage decays to its equilib-
rium level.

3.8.5 Dynamic Range Considerations

The dynamic range of a suppressed quasistatic of high-
frequency measurement will be reduced by the amount
suppressed. For example, if, on the 200pF range, you
were to suppress a value of 10pF, the dynamic range
would be reduced by that amount. Under these condi-
tions, the maximum value the instrument could measure
without overflowing would be 190pF.

A similar situation exists when using cable correction
with the Model 590. For example, the maximurm measur-
able value on the 2nF range may be reduced to 1.8nF
whenusing cable correction. The degree of reduction will
depend on the amount of correction necessary for the
particular test setup.

The dynamic range of quasistatic capacitance measure-
ments is reduced with high Q/t. The maximum Q/t
value for a given capacitance value depends on both the
delay time and the step voltage. See the Model 595 In-
struction Manual Specifications for details.

A. QUASISTATIC

———— Normal \

Figure 3-35.  Curve Distortion when Hold Time is too Short

A C
Short
Hold Time

B. HIGH FREQUENCY
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Series and Parallel Modei
Equivalent Circuits

3.9.6

A complex impedance can be represented by a simple se-
ries or parallel equivalent circuit made up of a single re-
sistive element and a single reactive element, as shown in
Figure 3-36. In the parallel form of (a), the resistive ele-
ment is represented as the conductance, G, while the re-
actance is represented by the susceptance, B. The two to-
gether mathematically combine to give the admittance,
Y, which is simply the reciprocal of the circuit imped-
ance.

] —s
M R
G
Y=G+JB Z=R4+JX
B = wCs (CAPACITIVE) X o _1_{(CAPAGCITIVE)
OR wCs
OR
g 1 (INDUCTIVE)
wle X = wLs (INDUCTIVE)
(A) PARALLEL CIRCUIT (B) SERIES CIRCUIT
Figure 3-36.  Series and Parallel Impedances

In a similar manner, the resistance and reactance of the
series form of (b) are represented by R and X, respec-
tively. The impedance of the series circuit is Z.

The net impedances of the equivalent series and parallel
circuits at a given frequency are equal. However, the in-
dividual components are not. We can demonstrate this
relationship mathematically as follows:

R +jX=

1
G+iB

To eliminate the imaginary form in the denominator of
the right-hand term, we can multiply both the denomina-

tor and numerator by the conjugate of the denominator
as follows:

R+X=el _xSB
G+ G-jB

Performing the multiplication and combining terms, we
have:

G-iB

R+iX=
J G2 4 B2

If we assume the reactance is capacitive, we can substi-
tute -1/ wC; for the reactance and wCp for the susceptance
(Cs is the equivalent series capacitance, and Cp is the
equivalent parallel capacitance). The above equation
then becomes:

R-jX_ G-joCy
(OCS G2+(!)2Cp2

In a lossless circuit (R and G both 0), Cp and C;s would be
equal. A practical circuit, however, does have loss be-
cause of the finite values of R or G. Thus, Csand Cp are not
equal~--the greater the circuitloss, the larger the disparity
between these two values.

Series and parallel capacitance values can be converted to
their equivalent forms by taking into account a dissipa-
tion factor, D. Dis simply the reciprocal of the Q of the cir-
cuit. For a parallel circuit, the dissipation factor is:

For the series circuit, the dissipation factor is defined as:

D=é~=mCSR

By using the dissipation factor along with the formulas
summarized in Table 3-3, you can convert from one form
to another. Note that C; and C;, are virtually identical for
very small values of D. For example, if D is 0.01 Csand Cp
are within 0.01% of one another.

Example:

Assume that we make a 100k¥1z measurement on a paral-
lel equivalent circuit and obtain values for Cp and G of
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Table 3-3. Converting Series-paraliel Equivalent Circuits
Resistance
Capacitance Conductance
Model Equivalent Circuit | Dissipation Factor | Conversion Conversion
G
Parallel, G, G D=1="GC_ Co=0+DAC R=—D2
m Q G, i P T+DHG
Cp
Series C;, R —AA— — 1 C D2
D=2=0CR = s G=— e
R Cs o % S T3 (1+DHR

160pF and 30uS respectively. From these values, we can
calculate the dissipation factor, D, as follows:

_ 30 % 106
27(100 x 10%) (160 x 1012)

D=03

The equivalent series capacitance is then calculated as
follows:

Cs=(1 +0.09) 160pF

Cs = 174.4pF

3.9.7 Device Considerations

Series Resistance

Devices with high series resistance can cause measure-
ment and analysis errors urnless steps are taken to com-
pensate for this error term. The high dissipation factor
caused by series resistance can cause errors in Cox meas-
urement, resulting in errors in analysis functions (such as
doping concentration) that use Cox for calculations.

The Model 82-DOS software uses a three-element model
to compensate for series resistance (see Figure 4-10). The
series resistance, Rserms, is an analysis constant that can
be determined using the procedure covered in paragraph
3.6.3. The default vaiue for Rseams is 0, which means that
data will be unaffected if the value is not changed.

342

The Model 82-DOS software determines the displayed
value of Rsgris by converting parallel model data from
the Model 590 into series model data. The resistance
value corresponding to the maximum high-frequency ca~
pacitance in accumulation is defined as Rsers. See para-
graph 3.9.6 for a detailed discussion of parallel and series
model.

Device Structure

The standard analysis used by Model 82-DOS assumes a
conventional MIS structure made up of silicon substrate,
silicon dioxide insulator, and aluminum gate material. -
You can change the program for use with other types of
materials by modifying the MATERIAL.CON file, as dis-
cussed in Appendix A. For compound materials, a
weighted average of pertinent material constants is often
used, Typical compound materials include silicon nitride
and silicon dioxide in a two- or three-layer sandwich.

Device Integrity

In order for analysis to be valid, device integrity should
be checked before measurement. Excessive leakage cur-
rent through the oxide can bleed off the inversion layer,
causing the device to remain in nonequilibrium indefi-
nitely. In this situation, the inversion layer would never
form completely, and Cvm measurements would be inac-
curate.

Device integrity can be verified by monitoring Q/tlevels.
If Q /1 levels are excessive, device integrity is suspect.
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3.9.8 Test Equipment Considerations

Light Leaks

High-quality MOS capacitors, which are the subject of
C-V analysis, are excellent light detectors. Consequently,
care should be taken to ensure that no light leaks into the
test fixture or probe station. Typical areas to check in-
clude door edges and hinges, tubing entry points, and
connectors or connector panels.

Thermal Errors

Accurate femperature control is important for accurate
C-V data. For example, the intrinsic carrier concentration,
ni, doubles for every 8°C increase in ambient tempera-
ture. In order to minimize the effects of thermal errors,
keep the device at a constant temperature during meas-
urement, and repeated measurements should all be
made at the same temperature.

If you change the measurement temperature, update the
MATERIAL.CON file for correct values for T and ni(see
Appendix A).
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4.1 INTRODUCTION

This section covers the various analysis features of the
Model 82-DOS software. References and suggested read-
ing are also included at the end of the section.

Information concerning equipment setup and measure-
ment techniques may be found in Sections 2 and 3.

Section 4 information is arranged as follows:

4.2 Constants and Symbols Used for Analysis: Dis~
cusses the numerical constants and mathematical
symbols used in this section and by the Model
82-DOS software.

4.3 Obtaining Information from Basic C-V Curves:
Details how to obtain important information such as
device type and Cox from C-V curves.

4.4 Analyzing C-V Data: Discusses loading/saving
data and displaying data.

4.5 Analysis Constants: Covers displaying analysis
constants and discusses calculation of constants.

4.6 Graphical Analysis: Details graphing of data in-
cluding measured and calculated data.

4.7 Mobile Tonic Charge Concentration Measure-
ment: Discusses two methods to measure the mo-
bile ionic charge concentration in the oxide of an
MOS device.

4.8 References and Bibliography of C-V Measure-
ments and Related Topics: Lists references used in
this section, along with additional texts and papers
for suggested reading on C-V measurement and
analysis topics.

4.2 CONSTANTS AND SYMBOLS USED
FOR ANALYSIS

4.2.1 Default Constants

Constants used by the Model 82-DOS software are de-
fined for silicon substrate, silicon dioxide insulator, and
aluminum gate material. These constants are defined in
the MATERIAL.CON file, which can be modified for
used with other material types (see Appendix A). Default
material constants are summarized in Table 4-1.
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Table 4-1. Default Material Constants
Symbol | Description Default Value
q Electron charge (Coul.) 1.60219 x 107 Coul.
k Boltzmann’s constant {J /°K) 1.38066 x 1072 J/°K
T Test temperature (°K) 293°K
Eox Permittivity of oxide (F/cm) 34%x 10" F/cm
€s Semiconductor permittivity (F/cm) 1.04 x 10 F/am
Ec Semiconductor energy gap (eV) 1.12eV
nr Intrinsic carrier concentration (1/cm?®) | 1.45 x 10" cm®
Whis Metal work functon (V) 41V
* Electron affinity (V) 4.15V
*See MATERIAL.CON file for description (Appendix A).
4.2.2 Raw Data Symbols ues. Coa is the value that is actually plot-

The following symbols are used for data measured and
sent by the Models 590 and 595. Cy'’ is interpolated from
Cao so that Co’ and Cr are values at the same bias voltage.

Cu

Co

Q/t

Vu

4.2.3

High-frequency capacitance, as meas-
ured by the Model 590 at either 100kHz
or IMHz.

Quasistatic capacitance measured by the
Model 595. Cqis interpolated from Cq’ so
that Cq" and Cu are values at the same
bias voltage

High-frequency conductance, as meas-
ured by the Model 590 at either 100kHz
or IMHz.

Current measured by the Model 595 at
the end of each capacitance measure-
ment with the unit in the capacitance
function.

Voltage reading sent by Model 590 with
matching Cy and G.

Calculated Data Symbols

Calculated data used by the various analysis algorithms

include:

Device gate area.

Flatband capacitance, corresponding to
no band bending.

The quasistatic capacitance that is ad-
justed according to gain and offset val-

Co’

Cra

Cran

Cox

D

Ec

Er

Na

Np

Nave

Neuix

Nez

N(90% Wiax)

Nu
Qerr
Rserms

tox

ted and printed.

Interpolated value of Cq set to corre-
spond to the quasistatic capacitance at V.

The high-frequency capacitance that is
adjusted according to gain and offset val-
ues. Cua is the value that is actually plot-
ted and printed.

Minimum high-frequency capacitance in
inversion.

Oxide capacitance, usually set to the
maximum Cy in accumulation.

Density or concentration of interface
states.

Energy of conduction band edge (valence
band is Ev).

Interface trap energy.

Bulk doping for p-type (acceptors)
Bulk doping for n-type {(donors)
Average doping concentration.
Bulk doping concentration.
Effective doping concentration.

Doping corresponding to 90% maximum
w profile (approximates doping in the
bulk)

Mobile ion concentration in the oxide.
Effective oxide charge
Series resistance

Oxide thickness.
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Vs Flatband voltage, or the value of Vs that 4.3 OBTAINING INFORMATION FROM
results in Cen. BASIC C-V CURVES
Vs Gate voltage. More specifically, the volt-
age at the gate with respect to the sub- ) . ‘ )
strate. Much important information about the device under test
can be obtained directly from a basic C-V curve. Such in-
VrHRESHOLD The point where the surface potential, ys, formation includes device type (p- or n-type material)
is equal to twice the bulk potential, ¢s. and Cox (oxide capacitance). These aspects are discussed
i . in the following paragraphs.
w Depletion depth or thickness. Silicon un-
der the gate is depleted of minority carri-
ers in inversion and depletion.
A) An intermediate value used in calcula- )
tHons. 4.3.1 Basic C-V Curves
Vs Silicon surface potential as a function of
Ves. More precisely, this value represents Figure 4-1 and Figure 4-2 show fundamental C-V curves
band bending and is related to surface for p-type and n-type materials respectively. Both high-
potential via the bulk potential. frequency and quasistatic curves are shown in these fig-
. . ures. Note that the high-frequency curves are highly
o Ofﬁfi; n s due to calculation method asymmetrical, while the quasistatic curves are almost
and Yo. symmetrical. Accumulation, depletion, and inversion re-
s Silicon bulk potential. gions are also shown on the curves. The gate-biasing po-
larity and high-frequency curve shape can be used to de-
A Extrinsic Debye length. termine device type, as discussed below.
Cox
Ca
Depletion Inversion
Accumulation W
il — S =0
Capacitance
L Onset of Strong Inversion
R
J Ys=2%
/ CH
CMIN
-
Vs Vs V THRESHOLD Vas
GATE BIAS VOLTAGE, V 4 ¢
Figure4-1.  C-V Characteristics of p-type Material
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-Cox
© Q Depletion
Inversion
Voo
Accumulation
Capacitance
Onset of Strong
Inversion A
CH .
CMIN
N
Vas V THRESHOLD VeB +Vas
GATE BIAS VOLTAGE, V ¢ g
Figure 4-2.  C-V Characteristics of n-type Material

4.3.2 Determining Device Type

The semiconductor conductivity type (p or n dopant
ions) can be determined from the relative shape of the
C-V curves. The high-frequency curve gives a better indi-
cation than the quasistatic curve because of its highly
asymmetrical nature. Note that the C-V curve moves
from the accumulation to the inversion region as gate
voltage, Vgs, becomes miore positive for p-type materials,
but the curve moves from accumulation to inversion as
Vas becomes more negative with n-type materials (Nicol-
lian and Brews 372-374).

In order to determine the material type, use the following
rules:

1. I Cuis greater when Vesis negative than when Vs is
positive, the substrate material is p-type.

2. If, on the other hand, Cu is greater with positive Vgs
than with negative Vgs, the substrate is n-type.

3. The end of the curve where Cuis greater is the accu-
mulation region, while the opposite end of the curve
is the inversion region. The transitional area be-
tween these two is the depletion region. These areas
are marked on Figure 4-1 and Figure 4-2.

4-4

4.4 ANALYZING C-V DATA

A number of operations can be performed on sweep data
stored in a reading array including: saving or loading
data to or from disk, displaying or printing reading data,
graphing or plotting reading data, as well as mathemati-
cal analysis of doping profile, flatband calculations, and
interface traps. The following paragraphs discuss analy-
sis operations available with the Model 82-DOS software.

NOTE
You can start the program with analysis by
specifying a data file when running the pro-
gram. See paragraph 2.4.% for details.

4.4.1 Plotter and Printer Requirements

A plotter or printer can be connected to the serial or paral-
lel port, or to the IEEE488 bus (plotter only) to obtain
hard copy graphs. Paragraph 2.4 discusses recom-
mended plotters and printers, as well as how to define
the equipment during installation or reconfiguration.
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///F **x SWEEP DATA ANALYSIS *x

Display Data Arrays
Display Analysis Constants

OO0 g O U L B

12. Graph Depth vs. Gate Voltage

4. Graph Dit vs. Energy

18. Return teo Previous Menu

N

. Save Measurement Data Array to File
Load Measurement Data Array from File

Graph Quasgistatic C vs. Gate Voltage
Graph High Frequency C vs. Bate Voltage
Graph Both Cq and Ch vs, Gate Voltage
Graph Q/t Current vs. Gate Voltage

. Graph Conductance vs. Gate Voltage

10. Graph Doping Profile vg. Depth

11, Graph Ziegler Doping Profile vs. Depth

13, Graph 1/Ch"2 vs. Gate Voltage
15. Graph Band Bending vs. (ate Voltage

16. Graph Quasistatic C vs. Band Bending
17. Graph High Frequency € vs2. Band Bending

Enter number to select from menu :

—~

Figure4-3.  Data Analysis Menu

4.4.2  Analysis Menu

Figure 4-3 shows the analysis menu. You can access this
menu either by selecting option 5, Analyze C-V Data, on
the main menu, or through most other submenus.

Key operations available on the menu include:

Saving or loading reading and graphics array data to
or from disk.

Displaying (CRT) or printing (external printer) read-
ing or graphics array data.

» Displaying or medifying numerical constants such as
Cox, tox, and N (doping concentration).

+ Graphing or plotting reading array data.

» Graphical and mathematical analysis of the data array.

44,3 Saving and Recalling Data

By selecting option 1 or 2 you can save the current read-
ing and graphics arrays to diskette, or load previous data
into the reading arrays. See Appendix I for data format
details.
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NOTE
Loading data from diskette will overwrite any
data cwrrently stored in the reading and
graphics arrays. Data analysis and graphing is
always carried out using data currently stored
in the reading or graphics arrays.

Saving the Data

Use the following procedure to save sweep and graphics
data presently stored in memory.

1. Select option 1 on the analysis menu.

2. The computer will display the current disk direc-
tory.

3. Yc;}; will then be prompted to type in the desired file-
nammne. Be sure to choose a namenot on the present di-
rectory. Also, youneed not type in the file extension
(.DAT). You can also use the full path name to spec-
ify another directory or disk drive (for example,
A:MYFILE or C: \PATH\MYFILE).

4. Next you will be prompted to enter two lines of
header information, up to a maximum of 160 charac-
ters. This feature can be used to enter important in-
formation about the data you are saving. For exam-
ple, you may wish to enter the type of device, the
date, and the time the data was taken for future refer-
ence.

5. After entering header information, you will be given
one last opportunity to change it.

6. Next, you will be prompted to choose one of the fol-
lowing data delimiters: comma, space or tab. This
feature allows you to choose a file format compatible
with other programs such as spreadsheet programs
{you can use any of the three delimiters for Model
82-DQS file operations).

7. Onceyouhave chosen the delimiter, the data file will
be saved.

NOTE
Refer to Appendix I for information on im-
porting data into other programs.

Loading Data

Use the procedure below to recall data from disk and
store it to the reading and graphics arrays. Remember
that any data presently in the reading and graphics ar-
rays will be overwritten by the data loaded from disk.

1. Select option 2 on the analysis menu. The computer
will then display the current disk directory.

4-6

2. At the prompi, type in the desired filename and
press ENTER (specify the complete path if fileison a
different drive or directory). You need not specify
the .DAT extension.

3. Ifthefile exists, the arrays will be filled with the data
from the file; however, an error message will be
given if the file does not exist, or if it is of the wrong

fype.
4. Toreturn fo the analysis menu, press ENTER.

4.4.4 Displaying and Printing the

Reading and Graphics Arrays

By selecting option 3 on the Sweep Data Analysis menu,
you can display array data on the computer CRT or print
out that array data for hardcopy. In order to print the
data, you must, of course, have a printer connected to the
computer, When displaying array data, the screen will be
cleared before arrays are displayed.

Note that you can display or print either reading or
graphics array data by selecting the appropriate optdon
on the submenu. The displayed and printed reading ar-
ray data includes the reading number; quasistatic capaci-
tance, current (Q/1); and high-frequency capacitance,
conductance, and gate voltage. An example is shown in
Figure 4-4.

NOTE
The quasistatic and high-frequency capaci-
tance values that are plotted, printed, and
used in calculations are first corrected for gain
and offset (paragraph 4.4.7) to obtain Coa and
Cua (adjusted capacitance).

Graphics array data includes depletion depth, doping
concentration, band bending, interface trap energy, 1/C?,
and interface trap density. An example is shown in
Figure 4-5. Ziegler (MCC) doping and depth are dis-
played separately, as shown in Figure 4-6.

NOTE
Values of 10% “flag” invalid data as explained
in paragraph 4.4.8.

When displaying data on the CRT, you have the option of
selecting the first reading number to display.

To print out only a portien of the array, display that por-
tion on the screen, then press the PRINT SCREEN key.
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/Rdg# Q/t (pA)

~1.8000E-01
-1,8000E~01
—-1.8000E-01
~1.8000E-01
-1.8000E-01
.8000E~01
-1.8000E-01
~1.9000E-01
-2.0000E-01
—-2.0000E-01

OO~ P 0D
|
—_

[y

N

+1
+1
+1

+1
+]
+1

+1

G (us)

. 1000E+00
. 1000E+00
. 1000E+00
+1.
. 1000E+Q0
. 1000E+G0
. 1000E+Q0
+1,
. J00QE+00
. 1000E+Q0

1000E+00

1000E+00

+2,
+2.
+2.
+2.
+2.
+2,
+2.
+2,
+2.
+2.

Cq (pF)

4972E+02
5C19E+02
504 1E+02
S054E+02
5061E+02
5071E+02
506 3E+02
5045E+02
5019E+02
5014E+02

+2.
+2.
+2.
+2.,
+2.
+2.
+2,

+2

+2.
+2.

Ch (pF)

5060E+02
5050E+02
S050E+0Q2
5040E+02
5040E+02
5030E+02
S040E+02
.5020E+02
5010E+02
5020E+02

Vgs

+5,
+5,
+5.
+5,
+5.
+5.
+5.
+5,
+5,
+4

840
740
640
540
440
340
230
140
030
930

Press ENTER to continue or enter a reading number. Enter Q to quit :

~

Figure 44,

Selecting the Graphics Range

The graphics range defines the array limits to be plotted.
To change the graphics range, (select graphics range) se-
lect option 3 on the analysis menu, then option 7 on the

Example of Reading Array Print Out

One particularly good use for this feature is to select the

subsequent menu. The present graphics range along with
best depth and total array size will be displayed. Key in
the first and last readings at the corresponding prompts.

range for best depth. The range over which N and Drr are
accurate to within £5% is equal to best depth. The graph-
ics range can also be used to zoom in on interesting sec-
tions of other curves.
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Figure 4-5.

4-8

///-Rdg#

O o m~o U by

—

o

+1
+1
+1
+1
+1
+1

+1
+1

Psisg (V)

.7358E-01
.7342E-01
.7334E-01
.7332E-01
.7332E-01
.7337E-01
. 7338E~-01
+1.
.7315E-01
.7296E-01

7331E~01

+4,
.5032E-01
+4,
+4.
.5023E-01

+4

+4

+h.
+4.
+4.
+4,
.4987E-01

+4

Et {eV)
5049E-01

5025E~01
S5022E-01

5027E-01
S5028E-01
5022E-01
5005E-0!

Dit(l/en~2eV)

.5688E+18
C9719E+14
.8975E+14
L4032E+14
.8293E+15
.8507E+14
.7160E+15
.S670E+14
.6423E+13
.3387E+13

Press ENTER to continue or enter a reading number. Enter Q to quit :

/

Example of Graphics Array Print Out
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\

ol
[* %
]
S

+1

fom B Y o= BN e 6 IR T S B g

—

-

w (um)

.3636E-08
+1.
.6565E-04
+3,
+3.
+4 .
+3,
+6.
+8.
+6,

6565E-04

3146E~04
3146E-04
9740E-04
3146E-04
6 348E-04
2969E-04
6348E-04

N

+1

+1

{(em™=3)

L4 132E+22
.0000E+32
+1,
. O000E+32
-5,
+3.
L4602E+16
+3.
=7.
+1.

8272E+18

0791E+le
8183E+17

9755E+17
7665E+17
08B8CE+18

———--- Liegler -———-

W

-3,
,6565E-04
+5,
+3,
+3,
. 1386E~04
.0109E-04
.1158E-04
.9833E~05
+6.

+1

+1
+3
+1
+7

(um}
3636E-08
2048E-05

3146E-04
1218E-04

7450E-Q5

N

-5

+1
~1
+1

{em™=3)

JA132E+22
+1.
+6.
+1.
~-1.
.2728E+17
.8201E+16
.3252E+17
2.
+3.

Q000E+32
0907E+17
0000E+32
6930E+16

5888E+17
6266E+17

+1,
.5936E~05
+1.
.5949E-05
.5949E=-05
.5962E-05
.5949E~05
.5974E-05
.5987E-05
.5974E=-05

+1

+1

+1
+1
+1
+1
+1

1/Ch"2
5923E-05

5936E-05

Press ENTER to continue or enter a reading number. Enter § to quit :

~

/

Figure 4-6.

Example of Ziegler (MCC) Doping Array Print Out
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4.5 ANALYSIS CONSTANTS

Table 4-2 summarizes analysis constants. These con-
stants are covered in detail in the following paragraphs.

Constants that can be changed include:

To change these constants, select option 1 (Change con-
stants) on the analysis constants menu (see Figure 4-7),
and type in the desired values when prompted to do so.
Constants that can be changed are discussed in para-
graphs 4.5.1 through 4.5.4. Calculations for many other
constants are discussed in subsequent paragraphs.

. Rsers

Cox and tox or Area
Nauix

Crmv

R SESES

Table 4-2, Analysis Constants

Constants Menu Term | Description Units
Cox Cox Oxide capacitance pE
Reerms Rseries Series resistance ohms
Neuik Nbulk Bulk doping concentration cem™
Crs Cfb Flatband capacitance pF
VrsmesHoLp Vihresh Threshold voltage v
tox tox Oxide thickness nm
Crvn Cmin Minimum capacitance pF
s PhiB Bulk doping cm™
Ve Vib Flatband voltage Vv
NEerr Neff Effective oxide charge concentration | 1/cm?
Area Area Gate area cm?
Nave Navg Average doping concentration . cm™
A Lb Extrinsic Debye length Mm
Was Work Fn Work furnction difference \%
Qesr Qeff Effective oxide charge coul/cm?
DevType Device type norp
Best depth Best depth um

4-10
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Cox(pF ):+2.5060E+02 tox{nm):+}
Rgeries(ohmg):+4.4000E~01 Cmin{pF ):+7
Nbulk(em™=3):+8.4000E+14 PhiB(V):+2
Cfb(pF ):+1,8749E+Q2 Vfb(V):=3

Vthresh(V):-1.4438E+00 Neff(l/em*2):49

Ch gain:+].0000E+00

Menu: 1) Change constants 2) Gain/Offset

Enter number to select from nmenu :

pF):
Ch offset(pF):

*x* Analysis Conastants ***

.3567E+02 Arealcen”2):+1,.0000E-02
. 3700E+0] Navg(em™=3):+]1.3654E+]9
.7690E-01 Lb{um}:+1.3968E-0]
.9316E~Q] Hork Fn{V):-3.3310E-0]

.3945E+09 Qeff{coul/em"2):+1.5052E-0%

Deviype: n
Best depth{um}: +4.1905E-01 —— 0 m—e— +9,2515E~01
Cq gain:+1.0000E+00 Cq offaet( +0.0000E+00

+0.0000E+00

3) Print 4} Exit

~

Figure 4-7.

Analysis Constants Display

4-11
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4.5.1 Oxide Capacitance, Thickness,

and Area Calculations

The oxide capacitance, Cox, is the high-frequency capaci-
tance with the device biased in strong accumulation. The
value of Cox can be determined using the procedure out-
lined in paragraph 3.6.3.

Oxide thickness is calculated from Cox and gate area as
follows:

ox = Ae ox
(1x10%) Cox

Where: tox = oxide thickness (nm)
A = gate area {cm?)

€ ox = permittivity of oxide material (F/cm)

The above equation can be easily rearranged to calculate
to solve for gate area if the oxide thickness is known.

Note that eox and other constants are defined in the MA-
TERIAL.CON file and are initialized for use with silicon
substrate, silicon dioxide insulator, and aluminum gate
material. See Appendix A for information on changing
these constants for use with other materials.

4.5.2 Series Resistance Calculations

The series resistance, Rserms, is an error term that can
cause measurement and analysis errors unless this series
resistance error factor is taken into account. The value of
Rserms can be determined empirically using the proce-
dure discussed in paragraph 3.6.3.

Without series compensation, capacitance can be lower
than normal, and C-V curves can be distoried: Compare
the uncompesated C-V curve in Figure 4-8 with the com-

Cox = oxide capacitance (pF) pensated curve in Figure 4-9.
110.0 Vth vfb
//Mm
88.4 /
—~ 66.8 /
)
=] 5
S
O 45.2
s
23.6 /
L g
2.0/ : : :
-5.00 =3.00 —1.00 1.00 3.00 5.00
GATE VOLTAGE (V)
Figure 4-8. G-V Curve without Series Resistance Compensation (Rseries =1000))
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20.00 Vth Vfb
24.02
/(;)\ 18.04
3 L
g
) 12.06
" Yad ~ \‘v\.\,\
[ AN AR NN M AAY
O. 1 O 1 i 1 1
—5.00 -3.00 —-1.00 1.00 3.00 5.00
GATE VOLTAGE (V)
Figure 4-9. G-V Curve with Series Resistance Compensation (Rseres =1005))

The Modet 82-DOS software compensates for series resis-
tance using the simplified three-element model shown in
Figure 4-10. In this model, Cox is, of course, the oxide ca-
pacitance while Ca is the capacitance of the accumulation
layer. The series resistance is represented by Rserss.

Ca
I - COX
Cox
% R series § Rsenies
o——.

A. Equivalent Three Element
Model of MOS Capacitor
in Strong Accumulation

B. Simplified Mode! of
{A) used 1o determine
Rseanies

Figure 4-10.  Simplified Model used to Determine

Series Resistance

From Nicollian and Brews 224, the correction capaci-
tance, Ce, and corrected conductance, Ce, are calculated
as follows:

(Ghs + 0* Ch) Cu

Ce=
a?+ @ Cy

and,
_(Gu+ w*Chy)a
a2+ w2 Cy
Where: a= G- (G + 02 Cs) Romrees

Cc = series resistance compensated parallel
model capacitance

Cu = measured parallel model capacitance

Ge = series resistance compensated conduc-
tance

Gum = measured conductance

Rseries = series resistance

4-13
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453 Changing Nesuwx

Neuik is one of the analysis constants that can be entered.
To change this value, select option 1, Change constants,
and enter the requested values at the corresponding
prompts. Typically, Na or Np will be entered using this
function. Note that the graphics arrays will be recalcu-
lated if Npurk is changed.

4.5.4 Changing Cun

Cwmv is the value of high-frequency capacitance with the
device biased in strong inversion. The Cvv is one of the
constants used to caleulate Navg, and its value can be de-
termined using the procedure outlined in paragraph
3.6.4.

To enter a new Cum value from the analysis constants
menu, select option 1, Change constants, and enter the
value at the appropriate prompt.

4.5.5 Flatband Capacitance and

Flatband Voltage

Model 82-DOS uses the flatband capacitance method of
finding flatband voltage, Vrs. The Debye length is used to
calculate the ideal value of flatband capacitance, Crs.
Once the value of Crp is known, the value of Vg is inter-
polated from the closest Vs values (Nicollian and Brews
487-488).

The method used is invalid when interface trap density
becomes very large (10**~10" and greater). However, this
algorithm should give satisfactory results for most users.
Those who are dealing with high values of Drr should
consult the appropriate literature for a more appropriate
method and modify the Model 82-DOS software accord-

ingly.

Based on doping, the calculation of Crs uses N at 90%
Whaax, or user-supplied Na (bulk doping for p-type, ac-
ceptors) or Np (bulk doping for n-type, donors).

4-14

Cre 15 caleulated as follows:

Cox €s A{1x10%)(A)
(1x10")(Cox) + €5 A{1x10%)(A)

Where: Cm = flatband capacitance (pF)

Cox = oxide capacitance (pF)

€5 = permitfivity of substrate material (F/cm)
A = gate area (cm?)

1% 10 = units conversion for

1% 107 = units conversion for Cox

And A = extrinsic Debye length =

(1x10%) (EskT) v
q* Nx

Where: kT = thermal energy at room temperature
(4.046 x 10747}

q = electron charge (1.60219 x 10"coul.)
Nx=N at90% Wwax, or Naor Nowheninputby

the user.

N at 90% Wwax is chosen to represent bulk doping.

To change the value of N to Na or Np, select option 1,
Change constants, then enter the new value as Nsux.

4.5.6 Threshold Voltage

The threshold voltage, Vrzesioin, is the point on the C-V
curve where the surface potential s, equals twice the
bulk potential, ¢s. This point on the curve corresponds to
the onset of strong inversion (see Figures 4-1 and 4-2). For
an enhancement mode MOSFET, VrrxrestoLn corresponds
to the point where the device begins to conduct. Note that
threshold voltage is displayed as Vt on graphs that plot
Vas on the X axis.

VraresHouo is calculated as follows:

+ A
10™ Cox

VTI—IRESI-DLD = [

Y4es q|Npuid 9] +2/¢s| ]+V::s
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Where: Vraresuoup = threshold voltage (V)
A = gate area (cm?)
Cox = oxide capacitance (pF)
10" = units multiplier
&s = permittivity of substrate material
q = electron charge (1.60219 x 107 coul.)
Nouwx = bulk doping (ecm™)
¢e = bulk potential (V)
Vip = flatband voltage (V)

4.5.7 Metal Semiconductor Work

Function Difference

The metal semiconductor work function difference, Ws,
is commonly referred to as the work function. It contrib-
utes to the shift in Vs from the ideal zero value, along
with the effective oxide charge (Nicollian and Brews
462-477, Sze 395-402). The work function represents the
difference in work necessary to remove an electron from
the gate and from the substrate, and it is derived as fol-
lows:

Ws = Wy "[Ws +E2C—;- (DB]

Where: W = metal work function

Ws = substrate material work function (elec-
tron affinity)

Ec = substrate material bandgap

dr = bulk potential

For silicon, silicon dioxide, and aluminum:;

Ws=4.1 -[4.15 +l-2l% - ¢B]

So that,
WMS =-0.61+ ¢'B

Wws = -0.61 - (—1%1‘-) ln(ﬁﬁ%) (Dope Type)

Where, Dope Type is +1 for p-type materials, and -1 for
n-type materials. For example, for an MOS capacitor with
an aluminum gate and p-type silicon (Neuix = 10'%cm™),

Wws = —.95V. Also, for the same gate and n-type silicon
(Neuwx = 10%em?), Wus = -0.27V.

NOTE
Model 82-DOS can be modified for use with
materials other than silicon, silicon dioxide,
and aluminum,. See Appendix A for details.

4.5.8  Effective Oxide Charge

The effective oxide charge, Qerr, represents the sum of ox-
ide fixed charge, Qr, mobile ionic charge, Owm, and oxide
trapped charge, Qor. Qerr is distinguished from interface
trapped charge, Qm, in that Qr varies with gate bias and
Qerr = Qr + Qi + Qor does not (Nicollian and Brews
424-429, Sze 390-395). Simple measurements of oxide
charge using C-V measurements do not distinguish the
three components of Qzre. These three components canbe
distinguished from one another by temperature cycling,
as discussed in Nicollian and Brews, 429, Fig. 10.2. Also,
since the charge profile in the oxide is not known, the
quantity, Qerr should be used as a relative, not absolute
measure of charge. It assumes that the charge is located in
a sheet at the silicon-silicon dioxide interface. From
Nicollian and Brews, Eq. 10.10, we have:

Vi - W = Qe
X

Note that Cox here is per unit of area. So that,

_ Cox(Wms - Vrs)

Qrrr "N

However, since Cox is in F, we must convert to pFby mul-
tiplying by 107 as follows:

QEFF = 10-12C0X(WM5 - VFB)
A

Where: Qerr = effective charge (coul/cm?)
Cox = oxide capacitance (pF)
Wus = metal semiconductor work function (V)

A = gate area (cm?)

For example, assume a 0.01cm? 50pF capacitor with a flat-
band voltage of -5.95V, and a p-type Npurx = 10 cm (re-
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sulting in Wws = ~0.95V). Such a capacitor would have a
Qere = 2.5 x 1072 coul/cm?

4.5.9 Effective Oxide Charge

Concentration

The effective oxide charge concentration, Neg , is com-
puted from effective oxide charge and electron charge as
follows:

_ Qprr

NEFF———‘

q

Where: Nerr = effective concentration of oxide charge

(Units of charge/cm?)
Qrrr = effective oxide charge (coul./cm?)
q = electron charge (1.60219 x 10"**coul.)

For example, with an effective oxide charge of 2.5 x
10%coul/ cm?, the effective oxide charge conceniration is:
__ 25x10®
1.60219 x 10**

Neer = 1.56 x 10" units/cm?

4.5.10 Average Doping Concentration

The average doping concentration, Navc, is displayed on
the analysis constants menu. Navs is calculated as fol-
lows:

In{Navg/ny) =[q2 Es tzoj [CMAX - CM]N] ‘

Nava 4AkT €% Cume

Where: Navg = average doping concentration

n1 = intrinsic carrier concentration of material
used

q = electron charge (1.60129 x 10-%%cul.)

€s = permittivity of substrate material

tox = oxide thickness {(em)

k = Boltzmann’s constant {1.38066 x 107%]/°K
T = test temperature (°K)

€ox = permittivity of oxide material

4-16

Cumax = maximum measured high-frequency
capacitance

Cymv = minimum high-frequency capacitance
{as determined using procedure in paragraph
3.6.4)

The above equation cannot be explicitly solved, and its
solution is only approximate. To obtain the approximate
solution, the Model 82 software performs a binary search
in therange of 10*° <N < 10%. The search begins at the end
points and takes an average of the two results to deter-
mine a test value for N. The error is then calculated as fol-
lows:

2 2 2
Brror =[q €s toj [CMAX - CMEN] o N - 1In(N ave /)
4KT %, Crme

Since the average doping concentration equation above
has no closed form solution for Navs, the equation is
solved by minimizing the error in the interval from 10 to
10%, A 0.01% criteria is used with an upper limit of 100 it-
erations.

NOTE
Correct calculation of Nave requires that Cmy
be properly determined. Chav is the high-fre-
quency capacitance value with the device bi-
ased in strong inversion, and the value of Cumv
can be determined using the procedure dis-
cussed in paragraph 3.6.4. Accurate Can also
depends on proper values for toxand /or area.

4.5.11 Best Depth

The calculated values of N and Dirhave nominal error of
<25% when the depletion depth, w, falls within the fol-
lowing limits:

3h <W < 20 ¥In{Nx/n1)

Where: A = extrinsic Debye length
w = depletion depth (um)
Nx =N at 90% Whwax, Na, or Np

1y = intrinsic carrier concentration

This accuracy range is displayed as best depth on the
analysis constants menu. To set the graphics range to best
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depth, select option 3, display data arrays on the analysis
menu, then select option 7, select graphics range. Type in
the graphics range values equal to the displayed best
depth values.

4,512 Gain and Offset

Option 2 on the analysis constants menu allows you to
change gain and offset values applied to Co and Cu data.
Gain and offset can be applied to these data to allow for
curve alignment or to compensate for measurement er-
rors. A gain factor is a multiplier that is applied to all ele-
ments of Co or Cr array data before plotting or graphics
array calculation, and offset is a constant value added to
or subtracted from all Cq and Cx data before plotting or
array calculation. The adjusted capacitance values are
called Coa and Cua, and all gain/offset-compensated
readings are indicated as such on the computer screen.

For example, assume that you compare the Co and Cu
values at reading #3, and you find that Cq is 2.3pF less
than Cu. If you then add an offset of +2.3pF to Cg, the Cy

and Cuvalues atreading #3 will then be the same, and the
Cp and Cu curves will be aligned at that point.

Gain and offset values do not affect raw Co and Ciyvalues
stored in the data file, but the gain and offset values will
be stored in the data file so that compensated curves can
easily be regenerated at a later date.

To disable gain, program a value of unity (1). Similarly,
program a value of 0 to disable offset.

4.6 GRAPHICAL ANALYSIS

4.6.1 Analysis Tools

Table 4-3 summarizes the graphical analysis tools avail-
able with Model 82-DOS. To generate an analysis graph,
select the corresponding option from the analysis menu,
then use the graphics control menu discussed in para-
graph 4.6.2 to tailor the graph as required.

Table 4-3. Graphical Tools

Plot (Y vs. X) Description Units Comments

Ca vs. Vas Quasistatic capacitance vs. gate voltage pFvs. V Ceo/Cox optional

Cr vs. Vas High-frequency capacitance vs. gate voltage pFvs. V Cu/Cox optional

Cq+ Cu vs. Vs | Quasistatic & high frequency capacitance vs. pFvs.V Cu/Cox, Co/Cox optional
gate voltage

Q/tvs. Vos Current vs. gate voltage pPAvs. V

G vs. Vas* High frequency conductance vs. gate voltage KSvs. V

Nvs.w Doping profile vs. depth cm™ vs, hm or nm

Nvs.w Ziegler (MCC) doping profile vs. depth cm® vs. Jm or nm

1/Cr?vs. Vas | 1/Cx? vs. gate voltage pF2vs. V (Cox/Cn)? optional

w vs. Vs Depth vs. gate voltage umvs, V

Drr vs. Er Interface trap density vs. trap energy cmZeV! vs. eV

s vs. Vas Band bending vs. gate voltage Vvs.V

Cao vs. Ys Quasistatic capacitance vs. band bending pFvs. V Ca/Cox optional

CH vs. Ys High-frequency capacitance vs. band bending | pFvs. V Cu/Cox optional

*R vs. Vs for series model.

NOTE: Where indicated, plots can be normalized to Cox by selecting appropriate option on menu.
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4.6.2

Selecting a graphing option will cause a graph to be gen-
erated on the screen, along with the graphics control win-
dow.

NOTE
A particular graph retains its configuration 5
until a new reading array is analyzed.

The graphics control menu is shown in Figure 4-11.

Through this menu you can select the following: 6.

1. Auto Scaling. When auto scaling is selected, the
minimum and maximum values for the data will
automatically be used as the limits for both X and Y
axes. :

2. Axes Limits. This option allows you to select the
minimum and maximum limits for both X and Y
axes, and it can be used to zoom in on a portion of the
curve. At the prompts, type in Xmin, Xmax, Ymin,

and Ymax (minimum must be less than maximum). 7.

To leave a parameter unchanged, simply press En-
ter. See also paragraph 4.4.4 for information on using

the graphics range as an alternative. 8.

Graphing Data 3.

Plot Graph. This option dumps the complete graph
including the curve and axes to the printer or plotter
(depending on the selected hard copy device). Note,
however, that the graphics confrol menu will not ap-
pear on the hard copy plot. Plot resolution and size
can be controlled, as discussed below.

Plot Curve. Use this option to generate the curve
only with the external plotter. This feature is useful
for drawing more than one curve on a graph.

. Change Notes. You can typeintwo lines of notes that

will appear at the top of the graph by using this op-
tion. The notes will also appear on any hard copy
plot made of the graph. Each line is entered sepa-
rately.

A. Normalize to Cox. This option is available only
when plotting Co or Cuvs. some other parameter
such as gate voltage of band bending. When se-
lected, the Y axis will show C/Cox.

B. Lin/Log Graph. This option is available only for
plots other than Cq or Ci. When log is selected,
the Y axis is plotted logarithmically, but the X
axis remains linear. Note that absolute values are
plotted using the log option.

Adjust Gain/Offset Co or Cu. Enter a new value at

each prompt (see discussion below on using cursor

marking).

Exit.

QUASISTATIC CAPACITANCE V5.
(NORMALIZED TO Cox)

GATE VOLTRGE EXAMPLE

Enter number t5 azlect from menu

Figure 4-11.  Graphics Control Menu

:';

O

N

o

)
3 ..................... . : : EONTT S
-5.88 -3.98 -1.0@ .28 3.66 5.4R

. ~ GHTE WOLTAGE (%)
MENE: 1) Auta 3zale 2) Axes Limits 3) Plot Graph 4} Plat Curve

5) Change Motea ) Nepmalize to Cow 7) Sain/0ffzet 8) Euct
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Printer Size and Resolution

From the graphics menu, you can control the size and
resolution of your hard copy graphs made on printer by
pressing one of the following letters:

Half page, low-resolution plot
Half page, high-resolution plot
Full page, low-resolution plot
Full page, high-resolution plot

O T 28

Abort plot and return to graphics menu

Note that selecting option 3 or 4 on the graphics menu
automatically generates a half-page, low-resolution
curve or graph on the printer.

Plotter Size

With a plotter, you can control the plot size. This selection
will be displayed on the screen after you select the plot-
ting option on the graphics menu.

Cursor Operation

Tomake it easier to change axes scales and gainand offset
values, a cursor marker facility is included with Model
82-DOS. To use this feature, type “C” or “c” from the
graphics menu. Once enabled, a cursor will be displayed
on the screen, and you can move that cursor around the
screen using the arrow keys. The value corresponding to
the present curser location will be displayed at the bot-
tom of the screen.

To mark a specific location, press the ENTER key. The lo-
cation will be marked with a set of crosshairs on the
graph. Move the cursor to the second location with the
cursor keys, and note that dy (change in y) and ry (ratio
between present y location and marked y location) are
displayed on the bottom of the screen. To mark the sec-
ond location, press ENTER a second time, then press the
ESC key to exit the cursor mode. Subsequently selecting
the Axes Limits or Gain/Offset options will cause both
markers to be displayed on the screen along with the dif-
ferences between them. You can then use this informa-
tion to set your new axes limits, or gain and offset values.

You can also use the Insert key to draw a line on the
graph. Move the cursor the first location, then press the
ENTER key to mark the point. Move the cursor to the sec-
ond location, the press the Insert key to draw the line.

Overlaying Curves

When using a plotter, you can overlay anumber of curves
on the same graph. To use this feature, first plot the entire
graph by selecting option 3 (plot graph) on the graphics
control menu. Load your next data set, then generate the
curve by selecting option 4 (plot curve). Repeat this proc-
ess for as many curves as you wish to overlay.

Needless to say, the X and Y axis scaling factors for all sets
of overlay data must be the same, or the resulting curve
overlays will have minimal analytical value.

Threshold Voltage and Flatband Voltage Display

Threshold voltage and flatband voltage are automati-
cally marked as Vth and Vfb on any graph which displays
Vs along the X axis. You can toggle this display on or off
by pressing the “V” key.

4.6.3 Reading Array

During a voltage sweep, Co, Cu, G, Q/t, and Vgs are
stored in the reading array where:

Cq = Quasistatic capacitance

Cu = High-frequency capacitance
G = Conductance

Q/t = Current

Vas = Gate voltage. Note that the substrate voltage is
measured by the Model 590 and is changed to Ves by ne-
gation.

Array readings are made at every other voltage step, but
if the filter is on, the first four Cg’ and Q/t readings are
invalid, so they are discarded.

Q/t, G, Gy, and Vi and all measured at the same point in
the sweep, but Cq’" is measured one-half step V before Vu
is measured. Since some calculations require that Co and
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Cr are measured at the same voltage, Co” must be inter-
polated to Cg as follows:

ey CalitD)-Coli) y
Call) =Cl) + Velit1) - Veli) e

| s L'!CQV
= Co (i) + 250 Ve
“ AVa 2

After interpolation, the Cq and Cr values are adjusted ac-
cording to programmed gain and offset values to deter-
mine Coa and Cus (adjusted Coand Cu). Coa and Cou are
the values actually plotted, printed, and used in calcula-
tions.

4.6.4 Graphics Array

In order to support the analysis functions, array includes
w, N, s, Er, and Drr where:

w = Depletion depth or thickness

N = Doping concentration

Ws = Band bending

Er = Interface trap energy

Drr= Density of interface traps

1/C? = High-frequency capacitance

Ziegler w = Ziegler (MCC) depletion depth
Ziegler N = Ziegler MCC) doping concentration

Graphics Array Structure

The graphics array is constructed by solving for these pa-
rameters at each value of Vas using Caa, Cra, Cox, and
gate area. The graphics array is recalculated each time
analysis is selected on the menu, if new data has been
taken, or if a reading data file is loaded from disk. If Cox,
tox, and gate area are not defined, the array is not calcu-
lated, and the user is notified.

4-20

Changing Device Constants

Changing Cox, gate area, or tox will cause the entire
graphics array to be recalculated. Changing Nyuix will
cause Cre, s, and Er to be recalculated.

Invaiid Array Values

Most of the equations used for analysis can have a situ-
ation where a divide by zero error could occur in certain
circumstances (for example, if Cu = Cox, or Cy (i) = Cn
(i+1)). In order to avoid problems, a very high value (10°%)
is placed in any array element where such a divide by
zero error occurred. During plotting, a test for 10% is
done, and the pen is lifted for invalid values. As a resulf,
the curve will be generated only over areas of valid data.

Discontinuous areas are normal with some curves be-
cause {rap tests are intended only for depletion; also
curves might not be properly aligned, resulting in invalid
areas when plotting Drr.

4.6.5 Graphing the Reading Array

Data from the reading array can be graphed by selecting
the appropriate option(s) on the analysis menu. Data that
can be plotted includes:

Coa vs. Vs

Cra vs. Vs

Both Coa and Cra vs. Ves on the same graph
Q/tvs. Ves .

G vs. Vs (R vs. Vs for series device model)

Note that compensated Cq and Ci are the values plotted.

Examples of these graphs are shown in Figure 4-12
through Figure 4-16.
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The curve data represents the low-frequency capacitance of the device under test including interface trap and inversion layer capacitance
Figure £-12.  Quasistatic Capacitance vs. Gate Voltage Example
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The curve data shows the high-frequency capacitance of the device under test. Interface traps and the inversion layer respond to the DC
blas voliage, but do not follow the high-frequency AC test signal, resuiting in reduced capacitance in inversion.

Figure 4-13.  High-Frequency vs. Gate Voltage Example

4-22



SECTION 4
Analysis

Vth  Vfb
274
1=~ " AN [ttt
234 et
~ \
Ll_ N .
Q. |
— .
_ 194 ;
o : |
o)
| 154
il R
O I
114 \ ]
- -/j
74 i i 3 & I 1 i
-7 -5 -3 -1 1 3 5 7
Curve differences result from such phenomena as interface charge trapping or inversion layer formation. Gurve alignment errors caused
by voltage stress, mobile ionic charge, and interface trap stretch-out are minimized by simultaneous G-V measurement.
Figure 4-14,  High-Frequency and Quasistatic Capacitance vs. Gate Voltage Example
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Q/t vs. Vas data provides an important method of ensuring that the device remains in equilibrium throughout the sweep. The curve shown
demonstrates how the current flowing through the DUT rises sharply in inversion, a sign of nonequilibrium.
Figure 4-15.  (Q/t vs. Gate Voltage Example
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A plot of 100kHz or 1MHz conductance vs. Ves shows compensation for high series resistance of the device under test. A conductance
peak in the depletion region would indicate lossy interface traps.

Figure 4-16.  Conductance vs. Gate Voltage Example
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4.6.6 Doping Profile

Doping profile analysis includes graphing of depletion
depth vs. gate voltage, doping concentration vs. depth,
and 1/C?vs, gate voltage, as discussed below.

Depletion Depth vs. Gate Voltage (w vs. Vgs)

Model 82-DOS computes the depletion depth, w, from
the high-frequency capacitance and oxide capacitance at
each measured value of Vos (Nicollian and Brews 386).

Depletion depth vs. gate voltage can be graphed by se-
lecting the corresponding option on the analysis menu.
In order to graph this function, the program computes

each element of the w column of the calculated data array
as shown below.

W=AE5(-1—--—1—-)
Cu Cox

Where: w = depth (um)

€s = permittivity of substrate materijal
Cu = high-frequency capacitance (pF)
Cox = oxide capacitance (pF)

A = gate area (cm?)

Figure 4-17 shows a typical example of a w vs. Vgs plot.
The C-V curves for the device are shown in Figure 4-14.

Vth Vib
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\

0.6

0.4

DEPTH (um)

0.2

0.0 : L :

~7 =5 -3

point where the inversion layer forms.

Figure 4-17.  Depth vs: Gate Voltage Example

-1 1 3 5 7
GATE VOLTAGE (V)

This curve demonstrates the formation of the depletion region at the onset depletion, as well as its saturation at maximum depth at the
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Doping Concentration vs. Depth (N vs. w)

The doping profile of the device is derived from the C-V
curve based on the definition of the differential capaci-
tance (measured by the Models 590 and 595) as the differ-
ential change in depletion region charge produced by a
differential change in gate voltage (Nicollian and Brews
380-389).

The standard N vs, w analysis discussed here does not
compensate for the onset of accumulation, and it is accu-
rate only in depletion. This method becomes inaccurate
when the depth is less than two Debye lengths. Refer to
paragraph 4.4.7 for information on Ziegler (MCC) dop-
ing profile, which compensates for these effects.

In order to correct for errors caused by interface traps, the
error term (1-Co/Cox) /{1-Cu/Cox) is included in the cal-
culations as follows:

N=(-2><10-24)[(I-CQ/Cox)/(l-CH/Cox)] { d ( 1 )J]

A%qes dVes \Ce2,

Where: N = doping concentration (cm™)

Cq = quasistatic capacitance (pF)

Cox = oxide capacitance (pF)
(1-Cq/Cox)/1-Cn/Cox) = voltage stretchout

term (set to 1 in KI590.EXE program)

Cu = high-frequency capacitance (pF)

A = gate area (cm?)

q = electron charge (1.60219 x 10™°coul.)
€s = permittivity of substrate material

1 x 10! = units conversion factor

I

d (1 ) 1/Cr2(i+1)- 1/Celi)

dVes \Cr2. Ves(i+1) - Vas(i)

Figure 4-18 shows an example of an N vs. w graph.
Figure 4-14 shows the C-V curves of the DUT.

1/C?vs, Vs

A 1/C? graph can yield important information about
doping profile. N is related to the reciprocal of the slope
of the 1/C* vs. Vgs curve, and the V intercept point is
equal to the flatband voltage caused by surface charge
and metal-semiconductor work function (Nicollian and
Brews 385).

Figure 4-19 shows a typical 1/C? vs. Vgs plot. Data for the
plot is shown in Figure 4-14.
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Figure 4-18.

Doping Profile vs. Depth Example

DEPTH (um)

The doping profile curve shows how the ionized purity density varies as a function of the depletion depth. Doping profile is calculated from
both quasistatic and high-fraquency capacitance in order to minimize errors caused by interface states.
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The shape of the curve is related to the doping profile in an MOS capacitor. The reciprocal of the slope of the curve at any point is propor-
ticnal to the doping profile.
Figure 4-19.  1/C?*nvs. Gate Voltage Example
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4.6.7 Ziegler (MCC) Doping Profile

The Ziegler, or MCC (majority carrier corrected) doping
profile method adjusts for the charge of the accumulation
layer and compensates for errors in the doping profile
calculation as the distance from the insulator becomes
less than two Debye lengths. The corrected doping pro-
file can either be graphed (selection 11 on the analysis
menu), or data can be directly displayed in numerical

form (option 3 on the analysis menu). Figure 4-20 shows
an example of a Ziegler N vs. w graph.

—

The basic algorithm used to compute the Ziegler com-
pensated profile involves first computing a scaling factor
to compensate the standard doping profile, and then cal-
culating the new depth values based on the scaled dop-
ing profile (Ziegler et al).
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Ziegler doping profile compensation corrects for error in the doping profile when the distance from the insulator boundary is less than two
Debye lengths.
Figure 4-20.  Ziegler Doping Profile Example
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The standard doping profile is scaled as follows:

coofp-2-5]

A’ges

N(w) = d ( 1

dVes C_H;)] K g?_'(

Where: N(w) = scaled doping concentration (cm)
Co = quasistatic capacitance (pF)

Cox = oxide capacitance (pF)

Cu = high-frequency capacitance (pF)

A = gate area (cm?)

q = electron charge (1.60129 x 10°Coul.)
€s = permittivity of substrate material

1 x 107 = units conversion factor

And,

1/Cr2(i + 1) - 1/C2(i)
Ves(i + 1) - Ves(i)

d (.L.) =
dVes \Cuz
In the above equation, g2 is a parameter that is derived as
outlined in the following steps:
1. A parameter, g, is computed from measured data as

follows:

_2kTes , 1
q (W) (N (w))

5(

where w and N (w) represent the uncompensated
doping profile.
Once g1 is known, the equation below is solved for g:

e(,) s(3)

(2]

s3]

w?

7\‘2

g2 can then be determined as follows:

Once the g2 scaling factor is known, the compensated N
values can then be computed. However, a compensated

w

A

)

depth, w, must also be computed for each N value. First, a
new Debye length is computed as follows:

172

a5 =( 2kTe S
qHN(w)

Where: A = extrinsic Debye length (cm)

k = Boltzmann’s constant (1.38066 x 107 /°K)
T = Test temperature (°K)

€s = permittivity of substrate material

q = electron charge (1.60219 x 107* coul.)

N(w) = compensated doping density (cm™)

Finally, the compensated depth is calculated from the
new Debye length using the following relationship:

W — _1 _1 1/2
. (g-lng-1)

4.6.8 Interface Trap Density Analysis

Interface trap density graphical analysis tools include in-
terface frap density vs. energy, band bending vs. voltage,
as well both quasistatic and high-frequency capacitance
vs. band bending. In addition, flatband voltage, which is
necessary to determine band bending, is also calculated
as part of the analysis operation.

The C-V curve is transformed into a Dir vs. Er curve
{Nicollian and Brews 319-325; Sze 379-390). This transfor-
mation is performed using the model shown in Sze (381)
or Nicollian and Brews (Figure 8.1 and 8.3). The interface
capacitance, Crr, is the only element not in common be-
tween Figures 8.1 and 8.3 (Nicollian and Brews). How-
ever, by measuring both quasistatic and high-frequency
capacitance, we can calculate its value, as discussed be-
low.

Band Bending vs. Gate Voltage (s vs. Vgs)
As a preliminary step, surface potential (s — o) vs. Vesis

calculated with the results placed in the ys column of the
array. Surface potential is calculated as follows:

Vs Last
(Ws-wo)= 3 (1-Co/Cox){2Vsren)
Vs #1

Where:  (ys— yo) = surface potential (V)
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Cq = quasistatic capacitance (pF)
Cox = oxide capacitance (pF)
Vster = step voltage (V)

Vs = gate-substrate voltage (V)

Note that the (. = o) value is accumulated as the column
is built, from the first row of the array (Vs #1) to the last
array row (Vgs last). The number of rows will, of course,
depend on the number of readings in the sweep, which is
determined by the Start, Stop and Step voltages.

Once (Y- Yo) values are stored in the array, the value of
(ws — o) at the flatband voltage is used as a reference
point and is set zero by substrating that value from each
entry in the (ys — yo) column, changing each element in
the column to ys. The value of e is interpolated as dis-
cussed below.

Once band bending voltage is known, graphs of ys vs.
Vas, Co vs. Y, and Cu vs. s can be generated. Examples
are shown in Figure 4-21 through Figure 4-23. Again,
C-V curves for the device are shown in Figure 4-14.
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The s vs. Vs curve aids in understanding how changes in bias voltage affect the device under test. The accumulation, depletion, and
inversion regions of a C-V curve are deiined by three specific values of band bending voltage: zero (flatbands), equal to the bulk potential,
and twice the bulk potential {VniresHoun).
Figure 4-21.  Band Bending vs. Gate Voltage Example
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The Co vs. ys curve aids in comparing Model 82-DOS curves with previously taken, manually aligned curves.
Figure 4-22.  Quasistatic Capacitance vs. Band Bending Example
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The Cx vs. ys curve also aids in comparing to previously taken data.

Figure 4-23.  High-frequency Capacitance vs. Band Bending Example

Vrs and ¢o Interpolation And:

The program determines flatband voltage, Vs, by locat-

-12) o~
ing the Vs point where Cy approximately equals Crs. Ves Dy = (1x10™%) Cre

is then interpolated from the closest Vas values. Aq

A straight-line interpolation from the previous or follow- Where:  Crr = interface trap capacitance (pF)
ing data points is used, and the interpolated Vrs and o Drr = interface trap density {(cm=eV™)
points are computed. Cq = quasistatic capacitance (pF)

Cu = high-frequency capacitance (pF)
Cox = oxide capacitance (pF)
Interface Trap Density vs, Energy from Midgap A = gate area (cm?)
(Drr vs. Er) q = electron charge (1.60219 x 10-°C)
1 x 10 = units conversion for Crr
Interface trap density is calculated from Crr as shown be-

low (Nicollian and Brews 322).
1 1yt 1 10t Theresults arestored in the Dir column of the array as cal-
Crr = (_ - _"“) - (’“‘ . _‘") culated
Co Cox Cu Cox '

4-34



SECTION 4
Analysis

Interface trap energy from midgap, Er, is completed from
ys offset by bulk potential, ¢» as follows:

Ys - o — BEr

Where: s = band bending (V)
Er = interface trap energy from midgap (eV)

28X
g

08 =kTT1n (N )

Where: ¢ = bulk potential (eV)
k = Boltzmann’s constant (1:38066 x 102 /°K)

T = Test temperature (°K)

m= intrinsic carrier concentration of material)
Nx =N at 90% Wuax, or N or Np if entered by
the user

A typical example of a Drr vs. Er plot is shown in
Figure 4-24.

4.7 MOBILE IONIC CHARGE
CONCENTRATION MEASUREMENT

Mobile ionic charge concentration in the oxide of an MOS
device must be carefully controlled during the manufac-
turing process. Sodium ion concentrations are particu-
larly important because of their abundance in the envi-
ronment and the fact that they move rapidly through the
oxide.

The Cn vs. ys curve also aids in comparing to previously taken data.
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Figure 4-24.  Interface Trap Density vs. Energy from Midgap Example
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NOTE
Mobile ionic charge measurement can be per-
formed automatically using the optional
Model 5958 C-V Software Utilities and appro-
priate equipment,

The following paragraphs discuss two methods for
measuring mobile ionic charges in the oxide: the flatband
voltage shift method, and the triangular voltage sweep
(TVS) method.

4.7.1 Flatband Voltage Shift Method

The primary method for measuring oxide charge density
is the flatband voltage shift or temperature-bias stress
method (Snow et al). In this case, two high-frequency
C-V curves are measured, both at room temperature. Be-
tween the two curves, the device is biased with a voltage
at 200-300°C to drift mobile ions across the oxide. The
flatband voltage differential between the two curves is
then calculated, from which charge density can be deter-
mined.

Procedure

1. Using the Model 82-DOS program or the separate
Model 590 program, measure a high-frequency C-V
curve of the device at room temperature.

2. Note that flatband voltage, Vs, as calculated and
displayed by the program (select Display Analysis
Constants on the analysis menu).

3. Raise the temperature of the DUT to 200-300°C, and
apply a bias voltage of 10-20V for 3-10 minutes.

4. Return the device to room temperature, and remove
the bias voltage.

5. Measure a second C-V curve of the device at room
temperature.

6. Display the flatband voltage, Vs, by selecting the
Display Analysis Constants on the analysis menu.

7. Subtract value of Vs obtained in step 6 from the

- value in step 2 to determine AVrs.

Calculation

From Nicollian and Brews (426, Eq. 10.9 and 10.10), we
have:

VI-‘B'WMS=XQO= XGo
eox X0 Cox
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Where: X Qo = the first moment of the charge distribu-
i:ion
¥ = charge centroid
Wus = metal semiconductor work function
{constant)
eox = oxide dielectric constant
Xo = oxide thickness
Cox = oxide capacitance

So that:

AV = A{V - W)

X Qo

Eox

= A

=_Q.9..Ai
Cox Xo

For the common case of thermally grown oxide, x(be-
fore) =Xo and x{after) = 0, so that

-Qo
AV =2
TTC

0OX

where Qo is the effective charge. Divide Qo by the gate
area to obtain mobile ion charge density per unit area.

4.7.2 Triangular Voltage Sweep Method

A second but less familiar way to measure oxide charge
density is the triangular voltage sweep (TVS) method
(Nicollian and Brews 435-440). There are four key advan-
tages of the TVS method over the C-V method including:

1. Mobile ion density measurements are accurate even
in cases where interface trap density levels vary sub-
stantially.

2. Different mobile ion species such as sodium and po-
tassium can be distinguished from one another.

3. Greater sensitivity, allowing low ion densities to be
detected.

4. Greater speed because only one curve is required, in
addition to the fact that the device can remain heated
for several measuremenfs.

Procedure

1. Run the KI82CV or KI595CV program.
2. Connect the Model 595 to the test fixture containing
the device under test.
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3. Raise the temperature of the device to a temperature
of 300°C, and maintain the DUT at that temperature
throughout the test.

4. Perform a quasistatic measurement by sweeping
from —Vgs to +Vgs at the required amplitudes. Keep
in mind that Step V must be low enough, and T delay
must be long enough so that Cq = Cox in the absence
of mobile ions.

5. Display or print out the reading array to obtain the
Cqand Ves values. Calculations can be performed as
outlined below.

Calculations

Although the method presented here was originally de-
veloped for the ramp technique of quasistatic measure-
ment, the Model 595 is used to make the necessary meas-
urement. The end result is the same: the area between the
measured capacitance curve and Cox indicates the charge
density as shown.

+Vis - =f
T (Cweas - Co) AVgs = qNw [M X(Ves)
-Vas Xo Xo

Where: Vgs = gate-substrate voltage
AVes= changein gate substrate voltage (V step)
Cumesas = quasistatic capacitance measured by
595
Cox = oxide capacitance
q = electron charge
Ny = mobile ion density

x = charge centroid
Xo = oxide thickness
Qo = mobile ion charge

or, if the case of thermally grown oxide, the above re-
duces to:

+Vcs
Y (Cumeas-CoxAVgs=- Qo
-Vas

Proof of Measurement Mefhod

An adaptation of the proof by Nicollian and Brews (437)
follows. This proof describes the validity of the feedback

charge technique as applied to the TVS method for meas-
uring oxide charge density.

Objective:

To demonstrate that mobile ion density drift at a given
temperature is proportional to the area under the peak in
a quasistatic C-V curve caused by ionic motion as shown
below.

Assumptions:

1. Temperature is high enough (2300°C) and the stair-
case is slow enough (£100mV /sec) so that Co=Coxin
the absence of mobile ions.

2. AVgsis in small signal range.

Model:

The model for the derivation of proof is shown in
Figure 4-25.

—~ Cox
B
o
—— Cr Cs Vs
Vas-V m
Figure 4-25.  Model for TVS Measurement of Oxide
Charge Density
Derivation:

The gate charge, Qg, is made up of the following:

Eg.1
Qo=-Ou+CQor--Qr-Qs

Where: Qg = gate charge

Qor = oxide trapped charge
Qw = mobile ionic charge
Qr = fixed oxide charge
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Qrr = interface trapped charge
Qs = space charge

The amounts of Qum, Qor, and Qr are fixed, although the
distribution may change, so that,

Eg.2
AQg = -AQm - AQs
In equilibrium,
Eq.3
-AQrmr = Crr{ys) Ays
and,
Eg.4

~8Qs = Co(Ws) Ays

Thus, from (2), (3), and (4), we have,
Eq. 5
AQe =(Crr + Co Ayig

From Gauss’s law on the Model in Figure 4-24,
Eg.6

(Cer + Cs) Ays = Con{ A (Vs - Vim) -Avss)
= Cox A(Vgs - Ves) - Cox Ays

Rearranging (6) gives,
Eq. 7
Ays = A(Ves - Vig) —— S0
Vo= Al Vi) e s

In equilibrium for the model, Cq is

Egq.8

Cs-{-Cn-

Co=C
@ OxCox+Cs+Crr
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Combining (7) and (8) we have,

Eg.9

CQ)

Ays=A{Vgs -V (
Ws {(Vas - Vi) Cot Cin

For assumption (1), Co = Cox, so that

Eg. 10

C
Aws=A(Ves-V ( ox )
Vs (Vs EB) G+ Cria

Rearranging (10) results in:

Eq. 11
(Crr+ Cs) Avis = Cox A(Vas - Vin)
Using (5) and (11), and
CME}‘S = AQG
AVegs
we derive,
Eg.12
Cumeas AVgs = AQg = Cox AV s - Vi)
Rearranging (12) yields:
Egq.13

(Czas - Cox) AVgs = -Cox AVs

From assumption, 2, AVes is in the small signal range. If
we staircase the bias voltage from —Vgs to +Vas, we have
from (13):

Eq. 14
Vs Vas
2 (Cweas - Coxd AVgs = -Cox 2 AV
-V -Vas

{Cox is a constant)
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The left-hand side of (14) represents the area under the
curve caused by ionic motion:
Eg. 15
Vas Vs Vs
Y (Cueas-CodAVgs= 3 CumsAVgs- 3 CoxAVas
-Ves -Ves -Vas
I I | 1 I
Area under C-V Area under curve Area under
curve peak caused with ionic motion. curve without
by ionic motion. lonic motion.
Now consider the right-hand side of (14): Since,
Eg.19
Vs Qo =qNum
'COX Z AVFB N
-Veas AV =q M AX
€ox
Where: Nwm = mobile ionic charge density.
From Nicollian and Brews, (426, Eq. 10.9):
Combining (19) with (14), we have:
Eq.16 _ Eg.20
Virw- Waes = b Vs Ny, YGs
S ox S, (Cueas- Cod AVes = -Cox™ 3 AR
-Ves €ox -Vgs
Where:  Wws = work function (AWwus = 0)

xQo = first moment of charge distribution
x = charge centroid
& ox = dieleciric constant of oxide

Thus, we have,

Eg.17

A(VFB - WMs) = Ai QO
€0x

but Wis, Qo, and < ox are constants, so:

Eq.18

A VFB =--(2—OAY
€0x

From Nicollian and Brews (426, Eq. 10.10),

_Eox
Cox =52

and defining x(~Ves) and x(Ves) as x at ~Vas and +Ves re-
spectively, we conclude:

Eg.21
Vs %(Vas) X(-V
3 (Coceas - Cod A Vs = - XY XV
-Vas
I | |
Area under C-V Mobile ion density
curve peak caused drifted at given
by ionic motion. temperature.

Conclusion: Equation 21 demonstrates the validity of the
Cuzas + AQa/AVss method for the TVS measurement of
mobile ion drift.
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4.7.3 Using Effective Charge to 4.8.2 Bibliography of C-V Measure-
Determine Mobile lon Drift ments and Retated Topics

The flatband voltage method of determining mobile ion . Texts:

drift discussed in paragraph 4.5.1 can be simplified by us-
ing Qerr to determine the ion charge. The basic procedure
is as follows:

4.8

4.8.

The

4-40

. Using the Model 82-DOS or separate Model 590 pro-

gram, measure a high-frequency C-V curve of the
device at room temperature.

Note the effective charge, Qsrr, as calculated and dis-
played by the program (select Display Analysis Con-
stants on the analysis menu).

Raise the temperature of the DUT to 200-300°C, and
apply a bias voltage of 10-20V for 2-10 minutes.
Return the device to room temperature and remove
the bias voltage.

Measure a second C-V curve of the device at room
femperature.

Display the effective oxide charge by selecting Dis-
play Analysis Constants on the analysis menu.
Subtract the value of Qerr obtained in step 6 from that
obtained in step 2 to determine the effective mobile
ion charge density. Note that this procedure as-
sumes the simple case of mobile ions drifting com-
pletely across the oxide in a thin sheet. See para-
graph 4.5.1 for a description of the general case.
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SECTION 5

Principles of Operation

5.1 INTRODUCTION

This section discusses fundamental operating principles
for the Model 82-DOS system and is arranged as follows:

5.2 System Biock Diagram: Presents an overview of the
system from a block diagram perspective.

5.3 Remote Input Coupler: Covers operation of the
Model 5951 Remote Input Coupler.

B4 Quasistatic C-V: Qutlines fundamental principles
for low-frequency measurements using the Model
595 Quasistatic C-V Meter.

5.5 High-frequency C-V: Shows fundamental opera-
tion of the system when making 100kHz and IMHz
C-V measurements.

5.6 Simultaneous C-V: Discusses the basic simultane-
ous C-V cycle.

5.2 SYSTEM BLOCK DIAGRAM

Figure 5-1 shows a block diagram of the Model 82-DOS
system. The various components in the system perform
the following functions.

Model 230-1 Programmable Voltage Source: Provides a
DC offset bias voltage of up to £100V, and also controls
100kHz/1MHz frequency selection of the input coupler.

Model 590 C-V Analyzer: Supplies a 100kHz or IMHz,
15mV RMS test signal to the device under test, and meas-
ures high frequency capacitance and conductance.

Model 595 Quasistatic C-V Meter: Sources the sweep
voltage to the device under test, measures low frequency
capacitance and device currents, and also triggers Model
590 readings.

Model 5951 Remote Input Coupler: Connects the device
under test to the Models 590 and 595. Internal circuitry
ensures minimal interaction between instruments when
making both low- and high-frequency measurements.

Computer (IBM AT, PS/2 or compatible): Controls the
Models 230-1, 590, 595, and (indirectly through Model
230-1) 5951.

5.3 REMOTE INPUT COUPLER

A simplified schematic of the Model 5951 is shown in
Figure 5-2,
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5.3.1 Tuned Circuits

Two sets of tuned circuits are used to pass or trap out the
100kHz and 1MHz test signals. L1 and C1,and L2 and C2
on the AC blocking board form two parallel resonant cir-
cuits to block the 100kHz and 1MHz test signals from,
and provides a DC path to the Model 595 input.

Meanwhile, two series resonant circuits allow passage of
the 100k} z and 1MFz test signals to the Model 590 input
while blocking DC. The series resonant circuit made up
of 14, C2,C3, and Céis tuned to 100kIHz, while the series
resonant circuit made up of L5, C4, C5, and C7 is funed to
1MHz.

5.3.2 Frequency Control

A digital confrol signal, supplied by the Model 230-1,
controls 100kHz or IMHz operation of the Model 5951.
This signal is applied to J8, buffered by elements of U2,
and then coupled through opto-isclator Ul in order to
maintain isolation between analog and digital circuits.
The frequency select signal controls Q1, which switches
relay K1 to select 100kHz or IMHz operation.

5.4 QUASISTATIC C-V

ar

7777 tatic

5.4.1 C-V Configuration

A simplified block diagram of the Model 82-DOS system
when making low-frequency (quasistatic) C-V measure-
ments is shown in Figure 5-3. The Model 595 bias voltage
is applied through the Models 590 and 5951 to the device
under test. When a step voltage is applied, the unit meas-
ures the change in charge and then computes the capaci-
tance, as discussed below.

Additional bias offset voltage of up to #100V DC can be
applied by theModel 230-1 Voltage Source. Note that this
voltage is placed in series with the Model 595 voltage
source, and the source voltage is routed through the
Model 590 (even though that instrument is not used for
low-frequency C-V measurements) to superimpose the
15mV, 100kHz, or 1IMHz test signal on the DC bias, so

that both signals can be simultaneously applied to the
DUT

[N B

54.2 Measurement Method

The Model 595 uses the feedback charge method for mak-
ing capacitance measurements. As shown in Figure 54,
one terminal of the unknown capacitance, Cx, is con-
nected to the voltage source, while the other terminal is
connected to the inverting input of the feedback charge
amplifier, A, which is an integrator.

Figure 5-3.

Ext
P 590
DC Bias Bias DC Bias
vollage input | G-V Analyzer Cutput Voltage
- -
DC Bias
Qutput Hi Voltage Chuck
230-1 5951 >
Voltage Remote —
Source Coupler <=
m tMeasured
Quiput Lo Signal
Voltage Source Qutput
Data 595 Measured Signal
to <: c-v <<
Computer A Meter Input
WITLCT

System Configuration for Quasistatic C-V Measurements
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STEP
Ay
_AO
AQ = A A = —
Q=Cy 8V Your~ T,
Figure 5-4.  Feedback Charge Method of Capacitance

Measurements

Initially, the feedback capacitor, Cr, is discharged by clos-
ing switch, 5, which is in parallel with Cr. When the meas-
urement begins, the switch is opened, and any charge
transferred from the capacitor to the integrator input will
now cause a change in integrator output as follows:

AVour = -Q/Cr

The voltage source is then changed by a small amount,
AV, which causes a charge to be transferred to Cx. The
charge on Cx is proportional to the voltage change: dQ =
CxdV, and that charge is then applied to the integrator in-
put, resulting in a charge at its output. The charge on the
feedback capacitor is determined by measuring the inte-
grator output both before and after the voltage step and
making the folowing calculation:

AQ = -Cr AVour
The unknown capacitance, CX, is then calculated as fol-
lows:
Cx = AQ/AV = Cr AVour/AV
Figure 5-5 shows how the charge waveform is actually

measured. Q1, Q2, and Q3 represent charge measure-
ments made at three specific times. Q1 is the baseline

5-4

charge made immediately before the voltage step occurs.
Q3 is measured after a specified delay time (tDELAY)
and is an indication of the final charge transferred
through Cx. Q2 is measured before Q3 (preceding it by to)
and is used to determine the slope of the charge
waveform, This slope represents the amount of current
(Q/1) flowing in Cxduring the final portion of the delay
time, fo. Q/t represents the leakage current in Cx or the
system. The corrected capacitance (cCAP) feature of the
instrument can be used to compensate for substantial
leakage currents; cCAP calculations are shown in
Figure 5-5.

VBIas,
I, R,
? Staircase
V avg VSTEP iSquare Wave
N -
[ tSTEP ~—nft— tgTEp —m=] BIAS 2

A: Voltage Output Wavetorm

Q, %

A
)

T"It‘lL‘tDELAY““ T

Begin Discharge
Integration Integrator
(open S) (close §)
Qz-- G Q3-
Cy = Qit=
X" Verep to
(Q/t) (t DELAY+ t-! )

= C -
CX (correctedy” X VSTEP

B: Measured Charge Waveform

Figure 5-5.  Voltage and Charge Waveforms for

Quasistatic Capacitance Measurement
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5.5 HIGH FREQUENCY C-V

5.5.1 High Frequency System

Configuration

A block diagram showing system configuration during
high-frequency measurements is shown in Figure 5-6.
The system is somewhat similar to the configuration for
low-frequency measurements discussed above. Now,
however, the Model 590 supplies a 100kHz or IMH2z test
signal to the device under test and measures resulting
gain and phase variations to determine capacitance and
conductance values, as described below.

Even though the Model 590 has its own internal DC volt-
age source, that source is not used for the Model 82-DOS
system. Instead, a DC bias voltage, supplied by the Mod-
els 230-1 and 595, is routed through the Model 590, and is
then applied as a composite AC and DC test signal to the
device under test.

One additional aspect of the high-frequency system is the
100kHz/1MHz frequency control of the Model 5951 re-
mote input coupler. This function is performed by the
Model 230-1 through its digital I/ O port.

5.5.2 High-Frequency Measurements
A simplified block diagram of the high-frequency C-V
modules located in the Model 590 is shown in Figure 5-7.
The 100kHz and 1MHz modules do differ somewhat in
detail, but their operation can be represented as outlined
here.

A 100kHz or IMHz reference signal is first generated by
the waveform synthesizer, and then amplified and
shaped into a sine wave by the output amplifier. The out-
put coupling section isolates the signal and attenuates it
to approximately 15mV RMS at 100kHz or IMHz, de-
pending on the selected test frequency. The DC bias volt-
age, which is supplied by the Models 230-1 and 595, is
also applied at this point.

The test signal is then routed through the OUTPUT jack
to the device under test, and then fed back through the
test INPUT jack of the Model 590. The signal undergoes a
phase and magnitude transformation, both of which de-
pend on the complex impedance of the device under test.
The test signal then undergoes current-to-voltage trans-
formation, is further amplified, and is finally applied to
the synchronous detector, which extracts phase and mag-
nitude information. The detector provides output volt-
ages analogous to the capacitance and conductance of the
device under test.

Voltage Saurce Qutput
595
C-v

Meter

Figure 5-6.

C & G Data
1o Computer
i Qutput
‘ Ext P DG Bias Voltage
DG Bias Bias 590 + Test Signal
voitage _ Input| C-V Analyzer | input
-
Y DG Biasg V
Output Hi ST.I:: Sif;);lrif-’:aglhE Chuck
230-1 Digital Frequency 5951 >
Voltage IO Port Select Remote e
Source Coupler <
Output Lo Mgia;#;?d

System Configuration for High Frequency C-V Measurements
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5.6 SIMULTANEOUS C-V

In order to eliminate drift errors due to voltage stress, the
Models 590 and 595 both measure capacitance during the
same voltage sweep. The readings from the two instru-
ments are synchronized using external triggering and are
taken alternately during the sweep. After the sweep, Co
is interpolated to the voltage at which Cu was measured.

Figure 5-8 shows a simplified representation of the
stepped bias voltage supplied by the Model 595 during a
measurement sweep. Each vertical voltage step size de-
pends on the programmed Model 595 bias step, while
each horizontal time step is determined by the pro-
grammed delay time.

As discussed above, a quasistatic measurement is a two-
step process requiring at least two charge measurements.
Initially, at the end of step S, the first charge measure-
ment Q1 is made, after which the voltage goes to the next
step. Following the programmed delay period, the Qs
charge measurement is made, and the capacitance is then
calculated from these values and the step size; note that
the voltage at this capacitance is assumed to be midway

5-6

between the step increment values, or Vave in this case.
Here we see that two voltage steps are necessary for
every low-frequency capacitance measurement.

The Model 590 is triggered one delay time after the com-
pletion of each Model 595 reading. As a result, high-fre-
quency measurements are made only on every other step
(as represented by small rectangles in Figure 5-8). Fur-
thermore, notice that the high-frequency measurements
are not made at exactly the same voltage as the low-fre-
quency measurements. In our present example, Cm is
measured at Vz. While C is averaged between Vi and Vo,
and Cz is between Vs and Vi.

To compensate for this voltage skew, an adjusted low-
frequency capacitance value, C';, is interpolated to a
value at V2, where G was taken, as follows:

C:-C; Vs

C1atV2=C1+V4_V2O )

All Co readings in the array are replaced by C'q values
upon completion of the voltage sweep.
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Figure 5-8.
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Replaceable Parts

6.1 INTRODUCTION

This section contains a list of replaceable parts for the
Model 5651 Remote Input Coupler, as well as additional
parts for the Model 230-1 Programmable Voltage Source
(parts common to the Models 230 and 230-1 are listed in
the Model 230 Instruction Manual). Component layouis
and schematic diagrams for these instruments are also in-
cluded.

6.2 PARTS LIST

Electrical parts for the Model 5951 are listed in order of
circuit designation in Table 6-1 and Table 6-2. Table 6-3
lists Model 5951 mechanical parts. Table 6-4 summarizes
parts specific to the Model 230-1 only.

6.3 ORDERING INFORMATION

To place a parts order, or to obtain information concern-
ing replacement parts, contact your Keithley representa-
tive or the factory (see the inside front cover for ad-
dresses). When ordering parts, be sure to include the fol-
lowing information:

Unit model number (230-1 or 5951)
Unit serial number

Part description

Circuit description, if applicable
Keithley part number

SR RS

6.4 FACTORY SERVICE

If the unitis to be returned to Keithley Instruments for re-
pair or service, perform the following:

1. Complete the service form at the back of this manual,
and include it with the unit.

2. Carefully pack the card in the original packing car-
ton.

3. Write ATTENTION REPAIR DEPARTMENT on the
shipping label.

6.5 COMPONENT LAYOUTS AND
SCHEMATIC DIAGRAMS

Componentlayout drawings and schematic diagrams for
the Models 230-1 and 5951 are included on the following

pages.



TABLE 6-1. HIGH FREQUENCY AND CONTROL BOARD, PARTS LIST
CIRCUIT KEITHLEY
DESIG. DESCRIPTION PART NO.
LABEL, WARNING MC-233
POLARIZING KEY CS-491
#22 TEFLON SLEEVING
2-56 NUT 2-56NUT
2-56x7/16 PHIL PAN HD SCREW 2-56x7/16PPH
4-40x3/16 PHIL PAN HD SCREW 4-40x3/16PPHSEM
C1 CAP,.1uF,20%,50V,CERAMIC C-237-.1
c2 CAP,680pF,5%,500V,POLYSTYRENE C-138-680P
C3,c4 CAP,7-70pF,500V,VARIABLE C-345
o CAP,220pF,5%,500V,POLYSTYRENE C-138-220P
C6,G7 CAP,2200pF,5%,500V,POLYSTYRENE C-188-2200P
c8 SELECTED,100kHZ RESONANT CIRCUIT 5851-600
c9 CAP,150pF,5%,500V,POLYSTYRENE C-138-150P
CR1 DIODE,SILICON,1N4148 (DO-35) RF-28
DS1,082 PILOT LIGHT,RED,LED PL-77
J3..J7 CONNECTOR,RIGHT ANGLE,BNC CS-504
Js CONN,FEMALE,16-PIN CS-487-16
K1 RELAY,(SPDT) RL-91
L4 CHOKE,3.3mH CH-44
L5 CHOKE,60.1uH CH-43
LENGTH TO SUIT #22 AWG BUS WIRE
Qf TRANS,PNP SILICON,MPSUS6 (CASE 152-02) TG-148
Rt RES,560,5%,1/4W,COMPOSITION OR FILM R-76-560
R2 RES, 10K,5%,1/4W,COMPOSITION OR FILM R-76-10K
R3 RES,1.2K,5%,1/4W,COMPOSITION OR FILM R-76-1.2K
R4 RES,33,10%,1W,COMPOSITION R-2-33
R5,R6 RES,100K,1%,1/8W,METAL FILM R-88-100K
TE1,TE7 TERMINAL,INSULATED TE-91
TE2.TE5,TE8  TERMINAL (TEFLON) TE-97-1
Ut IC,LOW INPUT CURRENT OPTO,HCPL-2200 IC-411
U2 IC,HEX INVERTER,74HC04 IC-354
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TABLE 6-2. AC BLOCKING BOARD, PARTS LIST

CIRCUIT KEITHLEY
DESIG. DESCRIPTION PART NO.
C1 CAP,1000pF,1%,100V,CERAMIC C-372-1000P
c2 CAP,1800pF,1%,500V,MICA C-209-1800P
L1 CHOKE,VARIABLE CH-23

L2 CHOKE,15uH CH-26-15

TE1,TE2 TERMINAL TE-92
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TABLE 6-3. MODEL 5951 MECHANICAL, PARTS LIST

CIRCUIT KEITHLEY

DESIG. DESCRIPTION PART NO.
1/8"DIA.x1/4" SEMI-TUBULAR RIVET 1/8"x1/4" RIVET
4-40 KEP NUT 4-40KEPNUT
ARTWORK, REAR PANEL SILKSCREEN 5951-309
ASSEMBLY 5951-300
ASSEMBLY,CABLE CA-81
BOX BOX 711
BRACKET, SIDE 5951-311
BRACKETMTG 5951-307
CABLE,BNC MODEL 7051-2
CASE, BOTTOM 5851-303
CASBE, TOP 5951-302
CONNECTOR C8-297-16
CONNECTCOR CS-613-16
FEET FE-17-1
GROMMET GR-44-1
GROMMET GR-44-1
|IEEE CABLE,SHIELDED MODEL 7007-2
IEEE CABLES,SHIELDED MODBEL 7007-1
LABEL, SERIAL NO MC-285
LOW NOISE BNC CABLES MODEL 4801
LG LU-7
OVERLAY, FRONT PANEL 5951-305
PANEL, FRONT 58561-304
PANEL, REAR 5651-308
PEMNUT FA-40
PEM STUD FA-82
PEM, STUD FA-82
PEMNUT FA-18
POLARIZING KEY C5-474
SHIELD, BOTTOM 5851-312
SHIELD, TOP 5951-310
ARTWORK, FRONT PANEL OVERLAY 5951-306
BINDING POST BP-25
BOT SHIELD TO MB6-32x1/4 PHIL. PAN HEAD SEM 68-32x1/4PPHSEM
FOR CLOSING CASEB-32x1/4" PPHSEM BLACK ZINC FINISH 6-32x1/4PPHSEMBLKZIN

FOR FA-82 4-40 KEP NUT 4-40KEPNUT

FOR MTG BP-25

FOR MTG FE-17-1

6-32x1/4 PHIL PAN HEAD SEM

6-32x1/4" PHIL PAN HEAD

LENGTH 5 FEET CABLE,FLAT RIBBON

MB. TO CASE BOT 6-32x5/8 PHIL PAN HEAD SEM
MTG F.P. TO M.B.BRACKET MTG

SEE 5951-000-01 COMP L/O, M.B.

SHIELD TO CASE CAPACITOR c10

SHIELD TO SHIELD4-40x1/4 PHIL PAN HEAD SEM
808-8632-20 STANDOFF

SWAGED IN SHIELDSTANDOFRF

6-32x1/4PPHSEM
6-32x1/4PPH
35C-63-4
6-32x5/8PPHSEM
5851-307
5951-100
C-22-.01
4-40x1/4PPHSEM
ST-186-1
ST-139-4



TABLE 6-4. MODEL 230-1, PARTS LIST (specific to the 230-1 only)

CIRCUIT KEITHLEY

DESIG. DESCRIPTION PART NO.
ARTWORK, FILTER SUPPORT SLKSCREEN 230-313
ARTWORK, FILTER SUPPORT SILKSCREEN 230-1-3086
ARTWORK, REAR PANEL LABEL 230-1-307
BINDING POST BP-11-2
BINDING POST BP-11-0
BINDING POST BP-15
BINDING PCST BP-11-5
CONNECTOR, BNC €3-520
CONNECTOR, MOLEX C&-287-4
HEAT SINK HS-34
INSULATOR, VINYL 27493-26
JUMPER J-3
LABEL, REAR PANEL MC-467
NUT 3/8-328SMNUT
PACKING LIST PA-226
PIN C8-276
SILKSCREEN, FILTER SUPPCRT 230-312
STAKING, FILTER SUPPORT 230-311
STANDOFF FA-45
SUPPORT, FILTER 230-314
SUPPORT, FILTER 230-1-305
SWITCH SW-271
5/8" LG SHRINK TUBING TX-17x5/8
J1019,1020 CONNECTOR, PIN CS-463
LENGTH TO SUIT WIRE, BLACK SC-68
LENGTH TO SUIT WIRE, BLACK SC-68
LENGTH TO SUIT WIRE, RED SC-68
LENGTH TO SUIT WIRE, RED SC-68
Pt019,1020 LUG LU-90
R404.,405,408 RESISTOR R-1-100

R411 RESISTOR

R-2-33
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APPENDIX A

Material Constants File

Modification

As shipped, Model 82-DOS is intended to work with de-
vices with a silicon substrate, a silicon dioxide insulator,
and aluminum gate material. Constants that define these
and other parameters are stored in a file called
MATERIAL.CON, which is automatically loaded by the
Model 82-DOS software at run time. (Figure A-1 shows
the general format and factory default values stored in
MATERIAL.CON, and Table A-1 summarizes default
constant values.) Since this file is in ASCI format, you
can modify these values by editing the file using a text
editor or aword processor that can handle straight ASCI
files.

Before making changes, you should create a backup ver-
sion of the file under a similar filename (for example
MATERIAL.DEF}. Also, be careful not to alter the overall
file format in any way.

NOTE
The Model 82-DOS software may not run
properly if you change the format of
MATERIAL.CON from that shown in Figure
A-1. Also, changing constants to improper
values will probably lead to erroneous results
in analysis.

Procedure:

1. From DOS, select the directory in which
MATERIAL.CON is located (default=
CAKTHLY_CVAMODELS2).

2. Make a backup copy of MATERIAL.CON by typing
the following;:

COPY MATERIAL.CON MATERIAL.DEF <Enter>

3. Load the MATERIAL.CON file into your text editor
or word processor. A typical command might be:

ED MATERIAL.CON <Enter>

4. Using Figure A-1 as guide, make the desired value
changes, but be sure that the = symbols appear be-
fore each value.

5. Save the file using the name MATERIAL.CON after
all changes have been made. Remember that the file
must be saved in straight ASCII format. (Most text
editors automatically save in ASCII format, and
many word processors have an ASCII format save
option.) Also, remember to save this file in the de-
fault \KTHLY_CV\MODELS? directory so the pro-
gram can locate it at run time.

6. Run the Model 82-DOS software in the usual man-
ner. The new constants will be used by the program
for analysis.

A-1
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Table A-1. Default Material Constants File MATERIAL.CON)

Symbol | Description Default Value

q Electron charge (Coul.) 1.60219 x 107" Coul.
k Boltzmann’s constant (J /°K) 1.38066 x 1072 [ /°K
T Test temperature (°K) 293°K

€ ox Permittivity of oxide (F/cm) 3410 F/cm

€s Semiconductor permittivity (F/cm) 1.04 x 102 F/cm

Es Semiconductor energy gap {eV) 1.12eV

pati Intrinsic carrier concentration {1 /cm®) 1.45 % 10 em™
Wis Metal work function (V} 4,1V

X Electron affinity (V) 4,15V
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FILE: MATERIAL.CON
DESCRIPTION: This file is wused to initialize the physical constants
associated with a particular type of MIS device. This
file contains physical constants for the following device
type at room temperature:

Silicon - Silicon Dioxide - Aluminum

1
insulator i__ Bate material

substrate material_
VARIABLE DESCRIPTION VALUE

KQ Charge of an electron{Coul) 1= 1,60219E-19
Kk Boltzmann's constant(J/XK) '= 1,38066E-23
Kt Test temperature(kK) = 293

KEox Permittivity of oxide{F/cm) '= 3,40000E-13
KEs Permittivity of semiconductor(F/cm) '= 1,04000E-12
KEg Energy gap of semiconductor(eV) 1= 1,12

KNi Intrinsic carrier concentration{(l/ecm"3) != 1.45000E+10
KPhim Metal work function(V} 1= 4.1

*KX Semiconducter electron affinity(V) 1= 4.15

{see note}

In modern integrated—circuit processing, heavily doped polysilicon is often
used as the gate material instead of aluminum. If this is the case, the
work function constants are computed as follows(as per Sze's book "Physics
of Semiconductor Devices"),

p — type polysilicon gate

KPhim = Semiconductor electron affinity + Energy gap of semiconductor

n — type peolysilicon gate

KPhim = Semiconductor electron affinity

Figure A-1.  Default Material Constants (MATERIAL.CON)
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Below you will find a table of electron affinities for various semicon—
ductors. This table was taken from page 438 of Helmut F. Wolf's boock
entitled "Semiconductors'.

semiconductor electron affinity(V)
Si 4,085
Ge 4,13
Gals £.07
GaP 3.21
GasSb 4.06
InAs 4.90
InSb 4.59
Cds 3.90

Below you will find a table of metal work functions for various metals at
300K. This table was taken from page 424 of Wolf's book.

metal work funetion(V)
Ag 4.3-5,1
Al b.1-4.3
Au 4,.7=5.0
Ba 2.6~2.6
Ce 1.9-2.0
Cr 4.5-4.6
Cu 4,3~4.7
Mg 3.2-3.7
Mo 4,3~4.,5
Ni 4,5=4,7
Pt 5.2-5.3
Si 5.1-5.2
W 4.5=4 .6

****XNOTE*!***

Version A2 of the 5957 software used a silicon electron affinity of 4.15
Volts. This number was taken from page 397 of Sze's book. After closer in-
spection, a discrepancy was found in Sze's book. On Sze page 850 you will
find a table of electron affinitiea., In this table, silicon's electron aff-
inity is 4.05 Volts which is consistent with other scurces; more specifically
Wolf.

Default Material Constants (MATERIAL.CON) (Cont.)
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BIBLIOGRAPHY FOR MATERIAL.CON NOTE: Refer to paragraph 4.8 for added references.

1. Sze, S.M. Physics of Semiconductor Devices. 2nd
Edition. New York: John Wiley & Sons, 1981.

2. Wolf, H.F. Semiconductors. New York: John Wiley &
Sons, 1971.
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ENDIX B

Analysis Constants

Constant Menu Term | Description Units
Cox Cox Oxide capacitance pF
Rsrrres Rseries Series resistance ohms
Naurk Nbulk Bulk doping concentration cm™
Crs Cfb Flatband capacitance pF
VTHRESHOLD Vthresh Threshold voltage Vv
fox tox Oxide thickness nm
Crm Cmin Minimum capacitance pF
b PhiB Bulk doping cm™
Vs Vib Flatband voltage v
NEerr Neff Effective oxide charge concentration 1/cm?
Area Area Gate area cm?
Nave Navg Average doping concentration em™
A Lb Extrinsic Debye length ptm
Wus Work Fn Work function Vv
Qrrr Qeff Effective oxide charge coul/cm?
DevType Device type norp
Best depth Best depth pm
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APPENDIX C
summcary of Analysis
Equations

Analysis Function | Computation Comments

Doping Profile w=Acs (_ _ 10 ) Computed for each Vas value.
Cu Cox

Computed for each Vgs value.

N =(-2x 102) ({=Ca/Cox) il (;CH / Co) [dVGs (Clﬂz)] .

1 1

where: L(l_) o Ch() ChG+D
dVesi\Cr2/  Ves(i+1)-Vgs (i)

Flatbands
Cox Aes /A {1x10%)

(1x1072) Cox + Aes /M (1x10%)

Cr =

Na or Np

where: A =(1x10%) €skT
q*Nx

Where: Nx=Nat 90% Wiyax, Na orNp

NOTE: All calculations are performed in source code function: GrafDataPart1 () located in module: P82SUBA1.BAS.
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Summary of Analysis Equations

Analysis Funciion | Computation Comments
Interface Trap Vs last C s determined by finding
Density (Ws-yo)= X (l - —Q} 2Vsrer (yrs — o) at Vs and subtracting
Vea Ox from all ys — o values.

Y5 - s — Er

where: ¢5 =(kT/q) In{(Nx/ng

where: Nx =N at 90% Whax , Na orNg

12
Di = (1% 101%) Cr
Ag
Oxide Thickness/ _ Aeox Re-arrange for A
Gate Area (l x—lo.]g) Cox
Series Resistance
Compensation . (Gt @? Gh) Cut
cmioM T M M
aZ+m2Chy
Ge= (G + 0? Gli)a
al+m? C¥y

a = Gu- (Gl + @ Ch) Roras
Threshold Voltage

V THRESEDLD = [i A Y4eq qNsurd ¢8| +2 [¢Bq + Ve

1012 COX

Work Function

Wus = Wy - {Ws +%§ - ¢B]
Effective Oxide _ Cox(Ws - Vs)
Charge and Qerr = A
Effective Charge
Concentration Nums = Qerr

q

In(Navg /0y {qze $ ’foxz] [CMAX - CM,N] 2
Average Doping Nave 4kTe ox2 Cune
Concentration
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Summary of Analysis Equations

Analysis Function | Computation Comments
Ziegler MCQO) (-2)(10'24) [(1'CQ /COX) /(1"CH /CO)a] q 1 4
Doping Profile Niw) = A’qes ) [dVGS (EH_?)] ) gz("—f)
where,
WY — 2kTe 5 o 1
B0 "¢ v on)

(T
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D

Prefixes of Unit Values

Exponent Prefix Symboel Exponent Prefix Symbol
101 exa E 1071 deci d
10 peta P 1072 centi C
107 tera T 10 - milli m
10° giga G 106 micro M
108 mega M 107 nano n
10° kilo k 107 pico p
102 hecto h 1075 femto f
10 deka da 1078 atto a




APPENDIX E

Using the Model 590 and

595 Programs

INTRODUCTION

Two programs included on a Model 82-DOS distribution
diskette allow you to run the Model 590 or Mode} 595
separately, if desired. Of course, the measurement and
analysis capabilities of each individual program are
somewhat lower than for the simultaneous C-V software.
Table E-1 summarizes important differences among the
three programs.

USING THE MODEL 590 PROGRAM

Follow the procedure below when using the Model 590
program. Refer to Sections 2 and 3 of this manual for de-
tails on using the software, which is very similar to the
applicable sections of the Model 82-DOS software.

1. With the power off, connect the Model 590 to the
TEEE-488 bus of the computer.

2. Turn on the instrument power and allow the unit to

" warm up for one hour rated accuracy. During the
power-up cycle, verify that the primary address is
set to 15. If not, program it for that value.

3. Using the Model 7051 5042 cables, connect the DUT
test fixture directly to the Model 590 INPUT and
OUTPUT jacks (do NOT use the Model 5951 Remote
Input Coupler). Refer to the Model 590 Instruction
Manual for connection information.

4. Boot up the computer in the usual manner, and run
the program called “KI590CV.EXE".

5. Checkout system leakages, and perform a probes up
suppression, as discussed in paragraph 3.4.

6. Perform cable correction as discussed in paragraph
3.5.

7. Determine Cox using the general procedure covered
in paragraph 3.6.

8. Setup your measurement parameters and performa
high-frequency C-V sweep on the device. The gen-
eral procedure is given in paragraph 3.7.

9. Select the analysis option on the main menu, and
perform the required analysis operations; see Sec-
tion 4 and Table E-1 for details.

USING THE MODEL 595 PROGRAM

Follow the procedure below to use the Model 595 pro-
gram. Refer to Sections 2 and 3 of this manual for details
on using the Model 595 software. Applicable sections of
the Model 595 software are very similar to the corre-
sponding sections of the Model 82-DOS software.

1. With the power off, connect the Model 595 to the
IEEE-488 bus of the computer.

2. Turn on the instrument power and allow the unit to
warm up for two hours for rated accuracy. Use the
MENU button to verify that the primary address is
set to 28. If not, program it for that value.

3. Using the Model 4801 low-noise cables, connect the
DUT test fixture directly to the Model 595 METER
INPUT and VOLTAGE OUTPUT jacks (do NOT use
the Model 5951 Remote Input Coupler). Refer to the

E-1



APPENDIX E
Using the Model 530 and 595 Programs

Model 585 Instruction Manual for connection infor-
mation, if required.

4. Boot up the computer in the usual manner, and run
the program called “KI595CV.EXE".

5. Checkout system leakages, and perform a probes up
suppression, as discussed in paragraph 3.4.

6. Determine optimum delay time, as discussed in
paragraph 3.6.

. Set up your measurement parameters, and perform

a quasistatic C-V sweep on the device. The general
procedure is given in paragraph 3.7.

. Select the analysis option on the main menu and per-

form the required analysis operation. See Table E-1
and Section 4 for details.

Table E-1. Comparison of Simultaneous C-V and Individual Programs

Model 82-DOS Model 590 Model 595
Software’ Software® Software®
CQ vs. Vis CQ vs. Vos
Cuvs. Vas Cuvs, Vgs

Co & Cu vs. Vs

Q/tvs. Vs Q/tvs. Vs
G wvs. Vs G vs. Ves

wvs, Vas wvs. Vas

N vs. w N vs. w

Ziegler MCC) N vs. w | Ziegler MCC) N vs. w

1/Cr2 vs. Vis 1/Cr? vs. Vs

Drrvs. Er

Ys vs, Vs

Co vs. yis

Ch vs. s

Rerrizs Rsermes

Cox Cox Cox

tox tox tox

Area Area Area
Cum Cyvm

Nax Navix

Nave Nave

Crp Crs

Vs Vs

dsuLK deuLk

A (Lp) A (Le)

Qerr Crrr

Nerr Nerr

Whs Wws

Threshold Voltage Threshold Voltage

Device Type Device Type

Best Depth Best Depth

1 KI82CV.EXE

Z KI590CV.EXE

} KIS95CV.EXE
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Graphic 4.0 Functions Used
by Model 82-DOS
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or related to this publication or to the information herein.
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Graphic 4.0 Functions Used by Model 82-DOS

bgnplot(monitot, screentype, "filename)

putsg

int monitor 1 if picrure is 10 be plotied on the screen and stored
in Tektronix format.
0 if the picture is to be stored and not plotted.

int screentype ‘t* if only text is to be displayed on the screen.

‘g’ or ‘G’ if only graphics is to be displayed on the
screen. ‘G’ selects the EGA 800x600 mode.

‘b if both text and graphics are to be displayed.
Only Corona PCs suppon this mode. The single
quotes around the characters are required.

char *filename The name given to the output Tektronix-type file. It
must be enclosed in double quotes, and be sure 10
specify the correct drive. If you want to suppress the
TKEF file, use the name "notek".

begnplot() is the first call that you should make to GraphiC. It opens an output
file 10 receive the Tekwonix formatted data, inidalizes the defaults for many
parameters, and puts the computer into graphic mode if called for. bgnplot()
should only be called one time, at the beginning of the plotting session.

F-2

STRING string of text to be displayed
INTEGER X position for the display
INTEGER- Y position for the display

This routine is used to display a string of text on the current graph using the
matrix font. The X and Y position arguments are in lines and columns rather
than pixels.
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fontsetup

This routine is used to initialize the special matrix font. This font is used for
drawing the menns and other labels on the completed graph. It is also used
when drawing the cursor display.

roundq

INTEGER
FLOAT
FLOAT
FLOAT
STRING

number of divisions for the axis
minimum vaiue

value to increment by
maximum value

format returned by this function

This function accepts a specification of the max and min values for the axis,
along with the value to increment by and the number of divisions to use, and
returns a format string that can be passed to the grid routine to draw the axis.

hardcopy(type)

char type

The type of hardcopy desired.

type =I', ‘m’, ‘L', ‘M’ for printer dump

type = 0 to return GraphiC 1o normal interactive
mode

type = ‘'n’ to continue through the remaining pictures
without hard copies and without user intervention

hardcopy() allows GraphiC to make unattended hard copies of each GraphiC
plot. To keep your plots from crossing the page boundary, remember that one
‘L’ (or ‘I') plot ortwo ‘M’ (or ‘m’) plots use an entire page. hardcopy() should
be ¢alled before the endplot() associated with the desired picture. This routine
will not work with plotters.
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font(nfont, "font1", 'esc?’, "font2", 'esc2’, "font3", 'escd’, "fontd", ’escqd’)

int nfont
char *font#

page({width, height)

The number of fonts selected, where 1 nfont 4

The name of the font(s) to be selected must be in
double quotes. The presently available fonts are:
simplex.fnt, simgrma.fnt, complex.fnt, compi-
tal.fnt, compgrma.fnt, engoth.fnt, triplex.fnt, tripi-
tal.fnt, dupiex.fnt, russian.fnt, simscr.fnt,
comscr.fnt, microg.fnt, microb.fnt.

The filled font is called block1.fnt.

Be sure to specify the disk drive and path of each
font.

float width

fioat helght

The width of the picture in inches (or cm) as
measured on the high resolution printer dump,

The height of the picture in inches (or ¢m) as
measured on the high resolution printer dump.

page() sets the size of the picture on the output page. Here, "width” and "height"
refer to the shape of the picture viewed upright. The maximum picture size is
9.00" x 6.855" (unrotated) or 6.855" x 9.00" (rotated) corresponding 1o the size
of the output page itself. If a smaller size is called for, it will be centered within
this area unless pgshift() is used to offset it.

pgshift(xshift, yshift)

F-4

float xshift

float yshift

The x-distance in inches (or cm) on an output page
of the lower left comer of the picture from the cor-
responding comer of the output page, viewed with
the picture upright.

The y-distance in inches (or cm) on an output page
of the lower left comer of the picture from the cor-
responding comner of the output page, viewed with
the picture upright

If pgshift() is not called, GraphiC will center the picture on the output page.
peshift() is used, for example, to put several pictures on a single output page.
It must be called after page() and before area2d(). If rotate(1) has been called,
the shifis are with respect to the upper left comer of the monitor screen. If not,
they are with respect to the lower left comer. See D2TEST.C for an example of
how to do multiple plots page.
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physor(xphysot, yphysor)

float xphysor x distance of physical origin from lower left corner
of drawing page in inches (or cm).

float yphysor y distance of physical origin from lower left comer
of drawing page in inches (or cm).

physor{) allows you to move the piot on the drawing page.

area2d(xinch, yinch)

fioat xinch The length of the x-axis in inches (or ct), viewed
with the picture upright, as measured on the high
resolution printer dump.

float yinch ‘The length of the y-axis in inches (or cm), viewed
with the picture upright, as measured on the high
resolution printer dump.

area2d() defines the lengths of the x and y axes. The size and positioning of the
plot are determined by this call.

tmargin(marginch)

float marginch Size of top margin of text plot in inches (or cm)
from the edge of the high-resolution printer plot.

tmargin() must be called every time you start a new page of text plot. It deter-
mines the (op position of any text on the page. It must be called before ctline()
or Itline(). The first line of 1ext will be placed below this by a distance
height*ratio. To get text as near to the top of the page as possible, you might
want to call linesp(1.1) before your first line of text.

Imargin{marginch)

float marginch Size of lefi-hand margin of text plot in inches (or
cm) from the edge of a full page printer plot.

Although there is a small margin around the plots produced by GraphiC, you
may wish to increase it. This routine only works with ctline(} and itline().
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numht(inch)

float inch The height of the characters used to label the plot.
The height is given in inches (or ¢m) on a full page
output.

axnamht(inch)

float inch The height of the characters used to label the axes.
The height is given in inches (or cm) on a full page
output.

rtline("'string", height)

char *string The line of text you wish plotted. You must deter-
mine whether it fits within your page size. The string
must be enclosed in double quotes, and the first let-
ter should be a font selection characier.

float height The height of your characters in inches (or cm) on
the full page prinier plot.

rtline() puts a line of text on the page flush against the right margin. The first
line is at the location determined by tmargin(), and each succeeding line is
placed below the previous one by a distance height*ratio, where rado is the ar-
gument of linesp(). The default ratio is 1.6,

tline("string", height)

char *string The line of text you wish plotted. You must deter-
mine whether it fits within your page size. The string
must be enclosed in double quotes, and the first let-
ter should be a font selection character,

float height The height of your characters in inches (or cm) on
the full page printer plot.

Itline() puts a line of text on the page flush against the left margin. The first line
is at the location determined by tmargin(), and each succeeding line is placed
below the previous one by a distance height*ratio, where ratio is the argument
of linesp(). The default ratio is 1.6. Indentation may be obtained by inserting
tabs (\ t) into the text, or by a call 1o Jmargin().
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ctline("'string", height)

char *string The line of text you wish plotted. You must deter-
mine whether it fits within your page size. The string
must be enclosed in double quotes. The first charac-
terin the string should be a font selection character.

float helght The height of your characters in inches (or ¢cm) on
the full page printer plot.

ctline() centers a line of text on the page between the left margin and the right
margin. The first line is at the location determined by tmargin(), and each suc-
ceeding line is placed below the previous one by a distance height*ratio, where
ratio is the argument of linesp(). The defauit ratio is 1.6.

prifnt(x, y, "string"”, height, angle)

fioat x x location of lower left corner of the string from the
left hand edge of the drawing page -- measured in in-
ches (or cm) on the full page printer plot.

float y y location of lower left comer of the string from the
bottom of the drawing page -- measured in inches
(or cm) on the full page printer output.

char *string String to be plotted.

float height Height of the characters in inches (or cm) on the full
page output.

int angle Angle at which the string is to be plorted. The angle

is defined to increase in the counterclockwise direc-
tion, and is measured in degrees from the positive X
axis. Any integer degree from -180 to +180 is al-
lowed,

prtfnt() can be used for making text slides and view-graphs since it doesn’t re-
quire any plotting commands other than those in levels 0 and 1. Ordinarily, the
paper is oriented wiih the long direction horizontal, The orientation may be
changed by calling rotate(). Using imargin(), tmargin(), linesp(, ctline(}, and
Itline() makes the production of text slides easy. You must still call page(. All
the size and location parameters are absolute uniess setscale(1) is called.
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grid(isgrid)

int isgrid = 0if no grid is desired.
= 1 if dotted grid is desired.
= 2 if fine dot grid lines are desired.
=3 if solid grid lines are desired.

grid() draws dotted lines through the tick marks. It must be called before the
axis-creating routines.

fgrid(isgrid, nxdiv, nydiv)

int isgrid = 0 if no grid subdivisions are desired.
= 1 if donted grid lines on subdivision marks are
desired.
=2 if only tick marks at subdivisions are desired.

int nxdiv The number of desired subdivisions between main
grid lines on the x axis,

int nydiv The number of desired subdivisions between main
grid lines on the y axis.

fgrid() allows you to draw one or more grid lines between adjacent axis tick
marks. This feature prevents overlapping of axis labels. To use fgrid(), you must

also call grid(). With logarithmic axes, the requested number of divisions is ig-
nored, and 10 grid lines per decade are ploned. fgrid() also allows you to put
small ick marks at subdivision spaces without drawing grid lines.

upright(uplab)

int uplab = ] to um on upright y-axis labels,
= 0 to tum off upright y-axis labels.

When upright() is called with a 1, it sets a flag that causes the y axis labels to
be upright. This mode will stay in effect until upright() is called with a 0.
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scales(nxdiv, nydiv, x, y, npts)

int nxdiv The number of x axis divisions.

int nydiv The number of y axis divisions.

float *x The vector of x data. Be sure 1o dimension it in your
calling routine.

float *y The vector of y data.

Int npts The number of data points in the x and y vectors.

scales() is the self-scaling routine for linear plots. It calculates the maximum
and minimum values of x and y, and chooses the appropriate set of round num-
bers 1o use as axis labels and then calls graf(). The data must be calculated before
scales() is called.

graf("xformat", xori, xste, xmax, "yformat", yori, yste, ymax)

char ‘xformat The x-axis format. Use a floating point conversion
specification (see p146 in K&R). Since it is a charac-
ter string, it must be enclosed in double quotes. For
example: "%-3.2f". Use "%-1.0f" for integer labels.
Because C automatically expands the format to ac-
commodate the required number of characters, it is
best to use a width (number to the left of the decimal
point) that is too small. This ensures that the labels
will be centered. %e and %g formats may also be

used.

float xori The value of x at the left-hand end of the x axis.

float xste The change in x between each two tick marks on the
X axis.

float xmax The value of x at the right-hand end of the x axis.

char *yformat The y axis format (see above).

float yori The value of y at the bottom of the y axis.

float yste The change in y between each two tick marks on the
y axis.

float ymax The value of y at the top of the y axis.

graf() is the primary axis setup routine for x-y plots. Because the maximum and
minimum values of the variables are supplied by you, graf() may be called either
before or after the data are calculated. Any values of x and y which lie beyond
the page boundaries will be scissored.



APPENDIX F

Graphic 4.0 Functions Used by Model 82-DOS

heading("title")

char *title

The title for the plot. It must be less than 30 charac-
ters long. It is centered at the top of the picture. The
first character may be a font selection character,
otherwise, the currently active font is used.

heading() must be called if you want to caption a 2-D plot.

xname(''xlabel")

char *xiabel

The name of the x axis. It must be less than 30
characters long. The double quotes are required. The
first character may be a font sejection character.
Super- and subscripts may be used.

xname() must be called if you want the x axis of a 2-D plot to have a name.

yname("ylabel")

char *ylabel

The name of the y axis. It must be less than 30
characters iong. The double quotes are required. The
first character may be a font selection character.
Super- and subscripts may be used.

yname() must be called if you want the y axis of a 2-D plot 1o have & name.

Color

The color default for supported color boards is white lines on a blue background.
Curve colors may be changed by calls to coler() as described below.

rightax(yright)

Int yright

= | tums on right hand y-axis,
= 0 turns off right hand y-axis.

rightax() is a parameter setting routine which will cause GraphiC 1o draw a
right-hand y-axis. When this flag is set, the first time scales() is called the lefi-
hangd y-axis and the x-axis will be drawn. With a second call to scales() the
program will rescale and draw the y-axis on the right side of the x-axis. This is
done without recalculating or redrawing the x-axis.
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axesoff(noaxes)

Int noaxes = 0 (defaulr) if 1abeled axes are desired.
= 1 if no axes or axis labels are desired.

axesoff() allows you to draw plots with no axes or axis labels. Either scales(}
or graf() must still be called so that GraphiC can calculate the limits for the plot.
axesoff() cannot be used with contour plots. It must be called before any routines
which draw the axes, i.e., graf() or scales(). axesoff() can also be used with 3-
D routines. Note that axesoff() only tums off the axes. Grid lines (and fine grid
lines) will still be drawn if the options are active.

startplot{color)

int color The IBM color number to be used for the back-
ground of the plot. See color() for a list of available
colors.

startplot() inidalizes each plot by putting necessary information into the file
containing the plot data. It also raises the program to Level 1

setcolor
INTEGER
This routine sets the current color that GraphiC will draw on the screen. It uses
the IBM numbering system.
0 - Black 7 - White
1 - Blue 8 - Dark Grey
2 - Green 9 - Light Blue
3 - Cyan 10 - Light Green
4 - Red 11 - Light Cyan
5 - Magents 12 - Light Red
6 - Brown
endplot()

endplot() is called after each page of plots is completed. It stores all of the
remaining data for the plot and returns GraphiC to Level 1. endplot() resets the
page rotation to its upright position. After the last page is completed, stopplot()
must also be called.
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stopplot(}

curson)

stopplot() is called at the very end of the plotting session. It empties the buffers
and closes the plot and error fileg, It returns the screen 1o text mode, and GraphiC
10 Level 0.

solid()

A call 10 curson() turns on all of the cross hairs functions. Type an Esc 1o exit
this mode. The axis drawing routines must be called before curson(}).

When the program gets to the call to curson() the cross hairs will appear in the
center of the plot area. To the left of the screen will be displayed a readout of
the cross hairs positior.

Movement of the cross hairs is controlled by the arrow keys or a supported
mouse.

The readout will be in plot units by default. To change to inch units, type an Ailt-
1. An Alr-U will rerumn the readout to plot units.

To draw lines, mark a point by typing Enter; move the cross hairs to the next
point and type /ns This line can be continued by moving the cross hairs to the
next point and typing /ns again. Typing Enter will start a new line.

To erase a line, simply draw over it, You must start and end the erasure on the
exact vector ends or it will not completely erase the line.

Every time Enrer is typed, the x and y values of the cross hairs are entered in
the global arrays xgq[indq)] and ygq{indq] which are in userunits and cxq[cntq}.
and cyq[cntg] which are in pixel units.

The cross hairs have three speeds which can be changed by typing Al-Y suc-
cessively.

When using a three-button Mouse, the left button is the same as Enter, the cen-
ter button is the same as /as , and the right button is the same as Esc. With a
two-bution mouse, the left button is the same as Enter, the right button is the
same as /ns, and both buttons together are the same as Esc.

F-12

After solid() is called, all lines will be returned 1o their original unbroken man-
ner until some other line style is activated
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chndsh()

After chndsh() is called, all lines will be drawn as altemating dots and dashes
until some other line style is called for.

curve(x, y, npts, sym)

float *x The x vector 10 be plotted.
float *y The y vector to be plotied.
int npts The dimension of x and y.
int sym sym = 0 draw curve only.

sym > 0 draw curve and symbols every sym points.
sym < (0 draw symbols only every sym points.

Each time curve() is called, a curve is drawn on the plot. Eight different sym-
bols, for use as curve markers, and six different line styles are available. The
line and symbol styles can be changed automatically by using the legend fea-
ture or manually by calling the appropriate routine (see pages 40, 49, and 50).
curve() is used for any of the linear or logarithmic plots.

Scatter plots may be drawn by calling scatplot() with a 1 before calling curve().
You can still draw symbols every sym points.

scalexq
INTEGER
This routine is used to scale a value from GraphiC pixels to actual screen pix-
els, GraphiC uses a pixel array of 4096 by 3120 and scales this to the actual screen
resolution.

scaleyq

INTEGER

This routine is used to scale a value from GraphiC pixels to actual screen pix-
els. GraphiC uses a pixel array of 4096 by 3120 and scales this to the actual screen
resolution.
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intopixq

pixtoing

FLOAT

This routine converts from inches on the GraphiC page into pixels on the
GraphiC bitmap (4096 by 3120).

lelr

FLOAT

This routine converts from pixels on the GraphiC bitmap to inches on the
GraphiC page (9 by 11 inches).

passstr

INTEGER line number to clear
INTEGER starting column to clear
INTEGER ending column to clear

This routine is used to clear a line in preparation for writing some text on the
line with the matrix font.
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STRING standard BASIC string

Converts a BASIC string to C format and copies it into a special buffer. Each
of the functions listed above has its own internal buffer. The function returns
a 32 bit pointer to its internal buffer which can then be passed to any of the
GraphiC functions requiring a string as an argument (such as Font).
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passstri

passstr2

STRING standard BASIC string

Converts a BASIC string to C format and copies it into a special buffer. Each
of the functions listed above has its own internal buffer. The function returns
a 32 bit pointer to its internal buffer which can then be passed to any of the
GraphiC functions requiring a string as an argument (such as Font).

passstr3

STRING standard BASIC string

Converts a BASIC string to C format and copies it into a special buffer. Each
of the functions listed above has its own internal buffer. The function returns
a 32 bit pointer to its internal buffer which can then be passed to any of the
GraphiC functions requiring a string as an argument (such as Font).

passarr

STRING standard BASIC string

Converts a BASIC string to C format and copies it into a special buffer. Each
of the functions listed above has its own internal buffer. The function returns
a 32 bit pointer to its internal buffer which can then be passed to any of the
GraphiC functions requiring a string as an argument (such as Font).

Pointer Hex number identifying offset within the 64 k segment.
Segment Hex number identifying which 64k segment the array
resides.

Converts the pointer to an array from BASIC format, consisting of a 16-bit seg-
ment and a 16-bit offset; to C format, consisting of one 32-bit pointer.
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getstr
STRING standard BASIC string
Copies the contents of the internal buffer used by passstr (not passstrl, 2, or
3) into the BASIC string variable identified as the argument.
getxy
X pointer 32-bit pointer (C format) to array of X values
Y pointer 32-bit pointer (C format) to array of y values

Returns the X and Y values of markers selected using the graphics cursor.
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Cable Cdalibration Utility

DESCRIPTION

The CABLECAL.EXE utility performs cable calibration
for the Model 590 and Model 82-DOS. Note that this util-
ity program can perform complete Model 82-DOS cable
calibration or separate Model 590 cable calibration,
which is intended primarily for use with the Model 5958
C-V Utilities.

STARTING CABLECAL.EXE

To start the cable calibration program, simply type in the
following while in the \KTHLY_CV\MODELS2 direc-

tory:
CABLECAL

The main menu and startup banner shown in Figure G-1
will appear on the screen.

Model 590 Cable Calibration Utility
I1/0 Tech Version V0.00.002
Copyright (c) 1991 Keithley Instruments, Inc

< CONTINUE >

Figure G-1.  Main Menu and Startup Banner
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MAIN MENU SELECTIONS

A menu of selections will appear at the top of the screen.
To select a main menu item, hold down the <Alt> key,
and press the first letter of that selection, or use the left/
right arrow keys to highlight the selection, then press
<Enter>.

Use the <Tab> key to move the cursor around the screen.
To enter numeric values, simply type in the desired
value. Selecting OK will accept changes, and selecting
Cancel will of course cancel those changes. You can also
use the <Esc> key to close windows.

If your system has a compatible mouse, you can use the
mouse to select various menu items. Simply move the
cursor into position with the mouse, then click the appro-
priate mouse button.

FILE

Save

This selection saves the cable calibration constants to the
existing filename. If a Model 82-DOS calibration was per-

formed, the file will be saved in a format compatible with
the Model 82-DOS software. If a Model 590 range calibra-
tion was performed, the file wilt be saved in a Model 5958
format (see later topic in this appendix for format de-
scription). Note that you cannot perform a Model 590
range calibration and then save it using the
FKGS82CAL.CAL filename as that name is reserved for
Model 82-DOS cable calibration.

Save As

This selecton saves the cable calibration constants as
above except that it saves to a user-defined filename.

Load

Selecting the Load option displays the Load window
shown in Figure G-2. You can scroll through displayed
filenames by using the scroll bar, up/down arrow keys,
or by clicking on the box area. You can also type in the
complete filename including a new path, if desired {(the
path will become the default for subsequent load/save
operations). You can also specify the * character for the
filename, and the default directory will be changed.

Load
FILE: (200PFCAL.CAL
DIRECTORY: C:\KTHLY_CV\MODEL82\BAS_CAL\*.
— ]
2NFCAL.CAL I
PKGB2CAL.CAL :;;g
J
¢ OK > ¢ CANCEL >
Figure G-2.  Load File Window
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NOTE
All cable correction constants files must have
a .CAL extension.

DOS Shell

This selection suspends program operation (without los-
ing data), allowing you to execute DOS commands or to
run other programs {(memory permitting). Type EXIT
<Enter> to return to CABLECAL.EXE from the DOS
shell,

Exit

Exits to the DOS prompt. Note that you will be warned if
data has not been saved.

EXECUTE
Set IEEE Address

Selecting this item displays the window shown in Figure
G-3 and allows you to set the IEEE-488 primary addresses
for the Models 230-1, 590, and 595. Each instrument must
have a unique address, which must be in the range of
0-30. Selecting OK accepts the changes, and Cancel exits
the window without changing previous addresses.

Send DDC

The Send DDC selection allows you to send a DDC (de-
vice-dependent command) to a device with the specified
primary address (Figure G-4). To use this feature, first se-
lect the primary address, enter your DDC, then select OK.
Selecting Cancel closes the window.

Set [EEE Address(s)
Mode]| 590 Address : 15
Model 595 Address : 28
{uged for Model82 cal)
Mode! 230 Address : 13
(uged for ModelB82 cal)
< OK > { CANCEL >
Figure G-3.  Set IEEE Address Window
Send DDC
Instrument Address : 15
Device Dependent Command :
¢ QK > { CANCEL >
Figure G-4.  Send DDC Window
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Cable Cal 590: 2pF (20pF, 200pF, 2nF) Range

These four selections allow you to individually calibrate
the 2pF, 20pF, 200pF, and 2nF ranges of the Model 590. In
order to calibrate the 2pF and 2nF ranges, you will need
additional calibration capacitors not supplied with the
Model 5909 Calibration Sources that are supplied with
Model 82-DOS.

Atthe start of the calibration process, a window similar to
the one shown in Figure G-5 will be displayed. Enter the
two capacitor values for each range where indicated.
Note that 1kHz values are not required for Model 590 and
the corresponding fields are disabled. Also, no 2pF,
1MHz range calibration is required because the Model
590 has no such range.

After entering your values, select OK to complete the en-
try process. Error checking will be performed to make
sure the entered values are within the required limits,
and that Capacitor #1 values are less than Capacitor #2
values.

If all values are within required limits, the window
shown in Figure G-6 will be displayed. If you wish to per-
form cable calibration, select the CALIBRATE option,
then follow the prompts on the screen. If, on the other
hand you wish to simply send existing calibration con-
stants in memory to the Model 590, select SEND CON-
STANTS. If no constants are in memory, an error mes-
sage will be displayed.

i 200 pF Range
CAPACITOR #1
Neminal 1 kHz 100 kH=z I MHz
47 pF {not needed> 46,381 pF 46,385 pF
CAPACITOR #2
Nominal 1 kHz 100 kH=z 1 HHz
180 pF {not needed> 182.71 pF 182,77 pF
< OK > < CANCEL >
Figure G-5.  Model 590 Calibration Source Value Entry Window
How do you wish to proceed ?
< CALIBRATE > < SEND CONSTANTS > < CANCEL >

Figure G-6.  Calibrate/Send Constants Window

G-4



APPENDIX G
Cable Calibration Utility

Cable Cal Model 82

This selection performs cable calibration of the Model
82-DOS system.

Atthestartof the calibration process, a window similar to
the one shown in Figure G-7 will be displayed. Enter the
two capacitor values for the 200pF and 2nF ranges where
indicated. Note that 1kHz, 100MHz, and 1MHz values
are required and that Capacitor #1 is the smaller value,
and Capacitor #2 is the larger value.

After entering your values, select OK to complete the en-
try process. Error checking will be performed to make
sure the entered values are within the required limits,
and that Capacitor #1 values are less than Capacitor #2
values.

If all values are within required limits, the window
shown in Figure G-6 will be displayed. If you wish to per-
form cable calibration, select the CALIBRATE option,
then follow the prompts on the screen. If, on the other

hand you wish to simply send existing calibration con-
stants in memory to the Model 590, select SEND CON-
STANTS. If no constants are in memory, an error mes-
sage will be displayed.

NOTE

The calibration constants sent to the Model
590 with a Cable Cal Model 82 SEND CON-
STANTS OPERATION are different from the
calibration constants sent to the Model 590
with a Cal Model 590 SEND CONSTANTS
OPERATION. All Model 82 Cal data and
Model 590 Cal Range Data are mutually exclu-
sive of one another.

HELP

The Help menu selections provides online instructions
for using the cable calibration pages of program. Use
Page Up and Page Down to scroll through help informa-
tion, or use up arrow or down arrow to scroll through
line-by-line.

! MODEL 82: 200 pF Range
CAPACITOR #1
Nominal 1 kHz 100 kHz 1 MHz
47 pF 46.3864 pF 46,381 =13 46,385 pF
CAPACITOR #2
Nominal 1 kHz 100 kB=z 1 MHz
180 pF i82.732 pF 182.71 pF 182.77 oF
< OK > < CANCEL >
Figure G-7.  Model 82 Calibration Source Value Entry Window
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MODEL 82-DOS CABLE CALIBRATION
PROCEDURE

1.

While in the \KTHLY_CV\MODELS2 directory,
type in the following to run the cable calibration util-

ity:
CABLECAL <Enter>

To Load an existing calibration constants file, press
Alt-F, then select Load on the menu. Select the exist-
ing file, or type in the name of the file (select
PKG82CAL.CAL for Model 82-DOS).

Press Alt-E, then select Cable Cal Model 82 to cali-
brate the Model 82-DOS system.

If you are cable correcting your system for the first
time, enter the nominal, 1kHz, 100kHz, and IMHz
values where indicated (use the <Tab> key to move
around selections). Capacitor #1 is the smaller of two
values, and Capacitor #2 is the large capacitor value
for a given range. Select OK after entering source val-
ues to begin the calibration process.

Choose the CALIBRATE selection to perform com-
plete cable calibration.

Follow the prompts on the screen to complete the
calibration process. During calibration, you will be
prompted to connect calibration capacitors, or to
leave the terminals open in some cases. If any errors
occur, you will be notified by suitable messages on
the screen.

After calibration is complete, you must save the new
calibration constants to the PKG82CAL.CAL in or-
der for the Model 82-DOS main program to find
them at run time. To do so, Press Alt-F, then select
Save or Save As as required. If you use Save As, be
sure to use the PKGS82CAL.CAL filename.

MODEL 590 CABLE CALIBRATION
PROCEDURE

1.

G-6

While in the \KTHLY_CV\MODELS2 directory,
type in the following to run the cable calibration wtil-
iry:

CABLECAL <Enfer>

To Load an existing calibration constants file, press
Alt-F, then select Load on the menu. Select an exist-
ing file, or type in the name of the file.

Press Alt-E, then select Cable Cal 590 and the desired
range.

If you are cable correcting your system for the first
time, enter the nominal, 100kHz, and 1MHz values
where indicated (use the Tab key to move around se-
lections). Capacitor #1 is the smaller of two values,
and Capacitor #2 is the large capacitor value for a
given range. Select OK after entering source values
to begin the calibration process.

Choose the CALIBRATE selection to perform com-
plete cable calibration.

Follow the prompts on the screen to complete the
calibration process. During calibration, you will be
prompted fo connect calibration capacitors, or to
leave the terminals open in some cases. If any errors
occur, you will be notified by suitable messages on
the screen.

After calibration is complete, you must save the new
calibration constants. To do so, Press Alt-F, then se-
lect Save or Save As as required, If you use Save As,
be sure to use a filename with a .CAL extension.

SENDING EXISTING CONSTANTS

1.

P

From the \KTHLY_CV\MODELS? directory, type
in the following:

CABLECAL <Enter>

Press Alt-F, then select Load.

Load the file that contains the constants to be sent.
Press Alt-E, then select Cable Cal 590 or Cable Cal
Model 82 as required.

If all source values are acceptable, select OK.

Select SEND CONSTANTS to send the constants in
memory to the Model 590.

CABLE CALIBRATION FILE FORMAT

Figure G-8 shows the calibration file generated by any of
the Cable cal 590 menu selections (the format for the Ca-
ble Cal Model 82 selection is different and is not pre-
sented here). This format is compatible with the Model
5958 C-V Utilitles software and is presented here for
those who wish to customize their own calibration files.
Note that “UUNCAL” appears in a field for a range that
has not been calibrated.

Table G-1 describes each field in the file.
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"2 pf Range”

tt

"0.0E~-12"
"0.0E~12"
"0.0E~12"
"0.0E~-12"
"OUNCAL

"20 pf Range”

H

"0,0E-12"
"0.QE-12"
"0,0E-12"
"0.0E-12"
"0.0E-12"
"0.0E-12"
"UNCAL

"UNCAL

"200 pf Range™®

H

11

"4L7E-12"

"46.381E-12"
"46,385E-12"

"180E~12"

"182.71E~12"
"182,77E-12"

"CCP 0 4.1974E-04
"CCP 0 2.2992E-03

"2 nf Range"

"

1%

"0.0E-12"
"0.0QE-12"
"0,QE-12"
"0.0E~12"
"0.0E-12"
"O.0E-12"
"UNCAL

"OUNCAL

Figure G-8.

Calibration File Format

9.9903E-01
9.9398E-01

5.5781E+00 -1.3368E+00
4.3320E+00 -3.3043E-01

L
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Table G-1. Calibration File Format Description

Line | Field Contents

“2 pF Range”
(cap #1 nominal value)

(cap #1 100kHz value)

(cap #2 nominal value)

(cap #2 T00kHz value)
(2pF/100kHz calibration DDC)
”20pF Range”

VOO R B WM -

10 | (cap #1 nominal value)
11 | {cap #1 100kHz value)
12 | (cap #1 IMHz value)
13 | (cap #2 nominal value)
14 ) (cap #2 100kHz value)
15 | {cap #2 1MHz value)
16 | (20pF/100kHz DDC)
17 | (20pF/1MHz DDC)

18 | “200pF Range”

20 | (cap #1 nominal value)
22 | (cap #1 100kHz value)
23 | {cap #1 IMHz value)
24 | (cap #2 nominal value)
25 | {cap #2 100kHz value)
26 | {cap #2 IMHz value)
27 | (200pE/100kHz DDC)
28 | (200pF/1MHz DDC)
29 | “2nF Range”

31 | (cap #1 nominal value)
32 | (cap #1 100kHz value)
33 | (cap #1 IMHz value)
34 | (cap #2 nominal value)
35 | (cap #2 100kHz value)
36 | (cap #2 IMHz value)
37 | 2nE/100kHz DDC)

38 | 2nF/1MHz DDC)
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DESCRIPTION

The file merge utility, ILEMRG.EXE, will merge data
from separate quasistatic and high-frequency C-V files
into a third file that can be analyzed as though data were
taken simultanecusly. Quasistatic data generated in this
manner will benefit from a substantial noise reduction re-
sulting from the fact that the Model 5951 Remote Input
Coupler is not in the circuit when data is taken. Such
noise reduction can be particularly important with small
devices because of noise inherent in the data.

The basic procedure involves using the KI595CV.EXE
program to perform a quasistatic C-V sweep, and then
using the KI590.EXE program to perform a high-fre-
quency C-V sweep. The two data files are then merged
with the FILEMRG.EXE utility, and merged data can
then be analyzed by using the KIS2CV.EXE program.

FILE MERGE UTILITY OPERATION

The file merge utility does not merely combine capaci-
tance data from the quasistatic and high-frequency C-V
files into a third file because the corresponding capaci-
tance measurements are not made at exactly the same
voltages, even if the start, stop, and step voltages for the
two sweeps are the same. In order to compensate for this

voltage offset, a quadratic interpolation is performed.
With the quasistafic voltage values acting as reference
points, the high-frequency voltage values are interpo-
lated to map into the corresponding quasistatic voltage
data points. The result of this interpolation is that the
voltage and quasistatic capacitance data points in the
merged file correspond exactly to the voltage and capaci-
tance data points in the quasistatic file. The high-fre-
quency data points in the merged file will be somewhat
different than the capacitance data points in the original
high-frequency C-V file since the new data points have
been interpolated.

FILE CONSTRAINTS

In order to ensure accurate interpolation, two important
constraints should be kept in mind when using the file
merge utility:

1. The high-frequency and quasistatic sweeps must
have the same start voltage.

2. The step voltages for the quasistatic and high-fre-
quency sweeps must either be exactly the same, or
the high~frequency step voltage must be exactly
twice as large as the quasistatic step voltage.

The following two cases will demonstrate how the num-
ber of readings in the output file is determined.

H-1
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Case 1: High-~frequency Step Voltage = Quasistatic Step
Voltage

In this case, the maximum number of readings in the out-
put file is equal to the number of readings in the high-fre-
quency data file divided by a factor of two. If there are not
twice as many high-frequency readings as quasistatic
readings (for example, if the stop voltages are different),
the number readings in the output file will be equal to the
number of quasistatic readings. The examples below
demonstrate the process.

Example 1: Number of high-frequency readings: 100
Number of quasistatic readings: 50
Number of output file readings: 50

Example 2: Number of high-frequency readings: 100
Number of quasistatic readings: 35
Number of output file readings: 35

Example 3: Number of high-frequency readings: 100
Number of quasistatic readings: 75
Number of output file readings: 50

Case 2: High-frequency Step Voltage = Twice the Qu-
asistatic Step Voltage

In this case, the number of output data file readings will
be determined by the smaller of the high-frequency or
quasistatic reading count, as in the examples below.

Example 1: Number of high-frequency readings: 100
Number of quasistatic readings: 66
Number of output file readings: 66

Example 2: Number of high-frequency readings: 70
Number of quasistatic readings: 120
Number of output file readings: 70

Example 3: Number of high-frequency readings: 100
Number of quasistatic readings: 100
Number of output file readings: 100

Note that there are no constraints on filtering or stop volt-
ages, and the file merge utility halts when it can no longer
interpolate the data. Also, constants stored in the merged

H-2

output file are taken from the high-frequency C-V file
rather than the quasistatic C-V file.

RUNNING THE FILE MERGE UTILITY

Running the file merge utility is simply a matter of typing
the FILEMRG program name at the DOS prompt along
with the quasistatic filename, high-frequency filename,
and the output filename:

FILEMRG <595 filename> <590 filename> <output
filename> <Enter>

Note that you can include path information for any of the
filenames, if desired.

For example, assume that you have a quasistatic (Model
595) called CQ.DAT and a high-frequency file, CHLDAT,
that you wish to merge into a file called TEST.DAT. The
command line syntax is:

FILEMRG CQ.DAT CH.DAT TEST.DAT <Enter>

To specify different paths, you could add:
P P y

FILEMRG C\MYDAT \CQ.DAT CAMYDAT
\CH.DAT TEST.DAT

Once the program is started, any further input will be re-
quested by a pop-up window. You can use either the
<Tab> key or a compatible mouse to move around the
window. All errors are fatal, which means that an error
message will be displayed, and the program will termi-
nate. Typical errors include not being able to find a speci-
fied file or frying to merge incompatible files. For exam-
ple, if the program is started without specifying data file-
names, the error window shown in Figure H-1 will be
displayed.

OUTPUT FILE HEADER

During the merge operation, you will be given an oppor-
tunity to enter input header test information that will be
included in the output file (Figure H-2). While entering
this text, you can use the <Home:>, <End>, <Insert>, and
<Delete> keys.
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USEAGE

FILEMRG <595 data file> <590 data file> <{output data file>

< CONTINOE >

Figure H-1.  Error Window

Ouput File Header

Enter two lines of header information to be placed in the output file.

Line 1

Line 2 :

< 0K >
Figure H-2.  Output File Header Window
FILE MERGE PROCEDURE 3. Merge the two files by typing in the following from
the DOS prompt:
1. Using the KI595CV.EXE program, measure and )
store a data file of quasistatic C-V sweep data. FILEMRG <Filel> <File2> TEST.DAT <Enter>
2. Using the KI5S90CV.EXE program, or the Model 5958

C-V Utilities, measure and store a data file of high-
frequency C-V data. Remember that the start volt-

ages for the two sweeps must be the same, and that 4.
the step voltages must be the same or the high-fre-

quency step voltage can be exactly twice as large as

the quasistatic step voltage.

Here Filel and File2 are the files stored in steps 1 and
2,
Once the merge operation has been successfully
completed, you can use the KIS2CV.EXE program to
analyze the data in the usual manner. Refer to Sec-
tion 4 for analysis details.
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Data File Format

EXAMPLE FILE FORMAT

An example of the Model 82-DOS data file format is
shown in Figure I-1. In this example, spaces are used as
data delimiters (the delimiter is selected when the data is
saved). Various lines in the file are summarize below.

Line 1: Contains the information from the two header
lines used to identify the graph. NOTE: Header informa-
tion may print out as one or two lines depending on the
number of characters and the method used to display the
file.

Line 2: Identifies the file as a Model 5957 file.

Line 3: Indicates the type of data delimiter selected when
the file was saved (comma, space, tab).

Lines 4-32: Store various constants used by the program.
NOTE: Constants labelled “Qmi” through “Vth-" are not
used by Model 82-DOS but are included for compatibility
with the Model 5958 C-V Utilities.

Line 33: Identifies each column of reading and graphics
array data below.

Lines 34-: Lines of reading and graphics array data. The
number of lines will, of course, depend on the number of
samples in the measurement.

IMPORTING DATA INTO OTHER
PROGRAMS

Since Model 82-DOS data files are stored in ASCIH format,
these files can be imported into many spreadsheet and
word processing programs by choosing the proper data
delimiter. Compatible delimiters for typical programs in-
clude:

Lotus 1-2-3: Tab, space, or comma
Microsoft Excel: Tab
Word processors: Tab or space

Typically, Model 82-DOS dafa can be imported into
spreadsheets by using the retrieve numbers or import
numbers option of the spreadsheet program. Data can be
imported into word processors using the ASCII option if
one js available.

Example: Assume that you have a data file called
WAFERIL.DAT stored on disk that you want to save in a
compatible Lotus 1-2-3 format in the Lotus data directory
called CALOTUS123\DATA. The following procedure
demonstrates the process.
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Data File Format
1. From the analysis menu, select Load. 5. At the prompt, select a comma data delimiter.
2. Type in the name of the data file to load 6. After saving the file, exit the Model 82-DOS pro-
(WAFERL.DAT in this example). gram, then run the Lotus 1-2-3 program.
3. Select Save on the analysis menu. 7. Select the retrieve numbers option, then load the
4. Type in the complete path name, including the file- WAFERL.DAT file. Separate numbers and array ele-

name with the new extension. For our current exam-
ple, the complete path would be:

CALOTUS123\DATA\WAFERI.DAT <Enter>

ments will be placed into individual cells.
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Data File Format

"Example line #1

5957

"SPACE"

"Rdgent=" 1i4
"Frequency=" 1000000

"Hodel=" |
"GStepv=" 50
"Rseries=" .44
"Cox=" 250.6

"Tor=" 135.6744

YArea=" 9,99999977648258D-03
"Nbulk=" 839999972966400
"Cmin=" 73.7

"CqGain=" 1

"CqOffsec=" 0O

"ChGain=" |

"ChOffset=" 0

I|Cfb=|1 O

"Vfb=1| O

'ILb:H 0

"Qeff=" 0

"Neff=" 0

!!vth=ll O

"Navg=“ 0

"YorkFn=" 0

"PhiB=" 0

ani=u 0

"st=" 0

HNmimll 0

"Ngs=" 0

"VEbt=" O

"Vfb-=" O

"Vehe=" 0O

"Wth-=" 0§

1!Devape=rl "t

“Cq" Iqull IUCh!! lIGh'I ||Vh“ "WH “N" "zw“ IIZN" flpsisll "Et“ P!Ditll “Invsqchﬂ IlACq" "Achll

249.7249 ~.18  250.6 1.1 5.84 c © ¢ 66 0 ¢ 0 0 0 O
250.1866 -.18 250.5 1.1 5.74 o ¢ 0 0o 0 0 0 o ¢ 0
250.4062 -~.18  250.5 1.1 5.64 c ¢ 0o ¢ 0 0o Q0 0o 0 ©
250.5384 -.18  250.4 1.1 5.54 o ¢ 0 0 0 0o 0 0 © O
250.6108 =-.18  250.4 1.1 5.44 ¢ ¢ 0 ¢ 0 0 0 O0 O 0
250,7106 -,18  250.3 1.1 5.34 ¢ ¢ 0o 0 0o 0 0 o o 0
250.6258 ~-.18 250.4 1.1 5.23 ¢ ¢ 0 o 0 0 ¢ 0o 0 o0
250.4461 =-.19  250.2 1.1 5.14 c o 0o ©0 0o 0 0 o 0 9

Figure I-1. Data File Format

I-3



INTRODUCTION

The C-V programs supplied with Model 82-DOS need no
modifications to run. However, in some cases, you may
desire to make changes to the software to custornize it for
your specific needs. For example, you may wish to
change analysis formulas. (All analysis formulas are lo-
cated in the GrafDataPart] () function located in module
P82SUBAT.BAS.)

COMPILING SOURCE CODE

Since the C-V programs were compiled under Microsoft
BASIC 7.1, it will be necessary for you to edit, recompile,
and relink the desired program using BASIC 7.1 if any
changes are required. Source code for the programs are
broken up into numerous files, each of which has the
.BAS extension.

The general procedure below should be followed tomod-
ify the software.

1. Install BASIC 7.1 using the supplied SETUP utility
(Setup Disk #1).

2. With the C:\BC7\BIN subdirectory selected, type in
the following to enter the BASIC editor:

@«

QBX <Enter>

LOAD the desired source module into the editor,
then save it as a backup file.

Edit the source file as required. The FIND option un-
der the Search menu will be helpful in locating spe-
cific code.

After you modified the module to your satisfaction,
SAVE itunder the same filename (note that doing so
will overwrite the previous version of that particular
module).

Repeat steps 3 through 5 for all modules you intend
to modify.

After all modules have been modified, exit BASIC,
and return to DOS.

From DOS, type in the following to compile and link
anew executable program:

MAKE KI82 <Enter>

(oruse MAKE KI90 or MAKE K195 if you are modify-
ing those programs). All the separate modules will
be separately compiled, and then linked. The time
required for this option will depend on the speed of
your comptter. A typical time for an 8MHz
286-based machine is about five minutes for the en-
tire operation. Once the process has been completed,
you can run the modified program in the usual man-
ner.
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Software Modifieation

CONTROL
&
ACQUISITION

Quit

Return to pravious

Display Analysis Constance

ACox , ATex , AArea, AN bulk, AGain then
build new GRAPHICS ARRAY

Store Data File

Do Analysis .
yel Load Data File

Indicate this is a new RDG ARRAY
Return To Analysis

Save graph
parameters *

RDG and
Display and Print Data Arrays ( GRAF-DATA )
If new RDG ARRAY then make new GRAPHICS ARRAY

Graph
If new RDG ARRAY then make new GRAPHICS ARRAY

DRAW GRAPH

1) DRAW GRID Get graph parameters *
2) DRAW LABLES Build point array and find min, max of x and y
3) DRAW CURVE

4) DRAW NOTES Redraw Graph

1) Auto scale {update scale window)

2) Aaxes limits (Update X miry X max, Y min ,Y max )

3) Normalize C

4) Toggle between linear and semi-tog graphs

5) Gair/offset (update Cq gain, Cq offset, Ch gain, Ch offset

Done
Graphing

Change notes

Plot curve or graph

* QGraph Parameters

Auto_scale_flag
X

X

Y

Y

Log_flag

C oxflag
Grap_rotes$

Done Plotting

FigureJ-1.  Model 82 State Transition Diagram
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Service Form

Model No. Serial No. Date

Name and Telephone No.

Company

List all control settings, describe problem and check boxes that apply to problem.

1 Intermittent (] Analog output follows display [ Particular range or function bad; specify
[ IEEE failure {J Obvious problem on power-up [ Batteries and fuses are OK
() Front panel operational [1 All ranges or functions are bad Ll Checked ail cables

Display or output (check one)

U Drifts ([ Unable to zero

[ Unstable [J Wil not read applied input

[ Overload

(X Calibration only [ Certificate of calibration required

(J Data required
{attach any additional sheets as necessary)

Show a block diagram of your measurement system including all instruments connected (whether power is turned on or not).
Also, describe signal source.

Where is the measurement being performed? (factory, controlled laboratory, out-of-doors, etc.)

What power line voltage is used? Ambient temperature? °F

Relative humidity? Other?

Any additional information. {If special modifications have been made by the user, please describe.)

Be sure to include your name and phone number on this service form.
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