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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.

KEITHLEY

Keithley Instruments, Inc. 28775 Aurora Road ¢ Cleveland, Ohio 44139 « 440-248-0400  Fax: 440-248-6168
1-888-KEITHLEY (534-8453) e www.keithley.com
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TAIWAN: 13F-3, No. 6, Lane 99, Pu-Ding Road * Hsinchu, Taiwan, R.O.C. ¢ 886-3-572-9077 « Fax: 886-3-572-9031
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Manual Print History

The print history shown below lists the printing dates of all Revisions and Addenda created for this manual. The Revision
Level letter increases alphabetically as the manual undergoes subsequent updates. Addenda, which are released between Revi-
sions, contain important change information that the user should incorporate immediately into the manual. Addenda are num-
bered sequentially. When 2 new Revision is created, all Addenda associated with the previous Revision of the manual are
incorporated into the new Revision of the manual. Each new Revision includes a revised copy of this print history page.
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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.



SAFETY PRECAUTIONS

The following safety precautions should be observed before using the Model 590.

This instrument is intended for use by qualified personnel who recognize shock hazards and are familiar
with the safety precautions required to avoid possible injury. Read over this manual carefully before operating
the instrument.

Exercise extreme caution when a shock hazard is present at the instrument’s test output. The American Na-
tional Standards Institute (ANSI) states that a shock hazard exists when voltage levels greater than 30V RMS
or 424V peak are present. A good safety practice is to expect that a hazardous voltage is present in any
unknown circuit before measurement.

Do not exceed 30V RMS (424V peak) between analog common and earth ground.
Inspect your connecting cables for possible wear, cracks, or breaks before each use.

For maximum safety, do not touch the test leads or the instrument while power is applied to the circuit under
test. Turn the power off and discharge all capacitors before connecting or disconnecting the instrument.

Do not touch any object which could provide a current path to the common 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.

Do not exceed the instrument’s maximum allowable bias input as defined in the spec:ﬁcahons and operation
section of this manual. . B o




SPECIFICATIONS

590/100k and 590/100k/1M FRONT PANEL SPECIFICATIONS

@4z Digits) ACCURACY (1 Year)* TEMPERATURE COEFFICIENT  SHUNT CAPACITANCE
18°.28°C F-F NOISE® 0°418°C & 28°-50°C LOADING EFFECT*
RANGE RESOLUTION +(rdg + counts)  FILTERON + (rdg + counts)l°C +(%rdg + counts)
2 pF 0.1fF 0.12% + (800 x G/Gx + 200} 6 fF 0.02% + (20 x GIGx) 0.1 % + (3 X G/Gx)
2 45 0115 . 0.19% + { 50 x C/Cys + 200) 4 uS 0.02% + ( 7 X CICrg) 0.1 % + (3 % C/Car)
20 pF 1 fF 0.12% Ezso % GIGs + 10) 6 fF 0.02% + (20 % GiGrg) 01 % + (3 % GIGr)
20 35 1 S 0.12% + { 22 % CiCr + 10) 4 nS 0.02% + ( 7 X CICzg) 01 % + (3 x CICs)
200 pF 10 fF 0.12% + (260 % G/Gye + 5) % £F 0.02% + (20 X GIGys) 0.1 % + (3 x G/Grs)
200 25 10 nS 0.12% % { 22 x CiCrs +  5) 6 15 0.02% + ( 7 X C/Cgs) 8.1 % + (7 X CICps)
2 oF 100 £F 0.12% + (260 X GiGms + 5) W00 £F 0.02% + (20 X G/Gys) 0.02% + (2 % GiGa)
2mS 100 =S 0.12% + { 22 % CiCrs + 5) " 0.6 48 0.02% 4 { 7 x CiCyy) 0.02% + (3 % CICx)
20 nF* 1 pF 0.25% + (260 % G/Gss + 5P 9 fF 0.1 % + (30 X GiGry) 0.02% + (2 X GiGgs)
20 mS 1 48 0.25% + { 22 X C/Cr +—5) 6 iS5 0.1 % + {10 x CiCys)

Accuracy is maximum limit for Q=20; typical for Q<20.
*Using Model 5904 20nF/20mS Input Adapter.

0.02% + {2 x CiCs)

590/1IM and 590/100k/AM FRONT PANEL SPECIFICATIONS

(4% Digits) ACCURACY (1 Yean)® TEMPERATURE COEFFICIENT  SHUNT CAPACITANCE
18°-28°C . P-=P NOISE® 0°-18°C & 28°-50°C LOADING EFFECT*
RANGE  RESOLUTION +(%rdg + counts) FILTER ON + Chedg + counts)/°C + Chrdg + counts)
20 pF 1 fF 0.29% + (300 X G/Ggs + 10) 6EF 0.02% + {20 X GIGrs) 05 % + (25 % GiGrs)
200 £S5 0 nS 0.39% + (120 x CiCse + 10) 40 n$ 0.02% + { 8 X C/Cry) 05 % + (10 x C/Crs)
200 pF 0 £F 0.29% + gsoo % GIGs + - 5) 100 £ F 0.02% + 220 % GlGrs) 0.35% + Em % GIGrs)
2 15 100 nS 0.39% + (120 % C/Cm + 5 700 1S 0.02% +{ 8 X CICxy) 035% + (16 X C/Cyrs)
2 nF 00 F 0.29% + (300 % G/Grs + 5) 200£F- 0.02% + (20 X G/Gsg) 0.35% + (40 % GIGys)
20 mS 1 4§ 0.29% + (120 x CiCm + 5) 148 0.02% + { 8 x CiCry) 0.35% + (16 x C/Cay)

Accuracy is maximum limit for Q=20; typical for <20,

NOTES:

1. G = conductance reading; C = capacitance reading; Gpr = full scale
conductance; Crs = full scale capacitance, Range and accuracy designa-
tions based on parallel RC model.

2. Front panel accuracy is relative to calibration source accuracy. Add front
panel aceuracy and source accuracy for total accuracy. Factory calibration
source accuracy is 0.06% for 100kHz and 0.08% for 1MFHz. CAL is to be
used to cancel initial zero, gain, and phase error terms within 8 hours of
measurement or whenever ambient temperature changes by more than
2°C, | :

3. The 5904 must be calibrated with a particular 590/100k to achieve specified
accuracy.

4, “Shunt Capacitance Loading’™ is additional accuracy with equal shunt
load on Cutput and Input, per 100pF shunt load.

5. Noise specified with 500pF shunt loading on Qutput and Input. Noise
on 2pF and 20pF ranges is typical with 100pF shunt load; 500pF will in-
crease noise no more than x2. Measured at 10 rdg/s rate.

CAPACITANCE NON-LINEARITY: <0.1% of range, for Q>20 or
D «{.05, 18°-28°C. . .

TEST VOLTAGE: I5mV mms +10%. )
TEST FREQUENCY: 590/100k: 100kHz. 590/1M: TMHz. Tolerance: +0.1%.

BIAS SOURCE

INTERNAL BIAS SOURCE OUTPUT: ~20.000V to +20.000V in 5mV
steps.

ACCURACY (1 Year, 18°-28°C): +(0.05% setting + 10mV) exclusive of
loading errors.

DC OUTPUT RESISTANCE: 50 maximum.

TEMPERATURE COEFFICIENT (0°-18°C & 28°-50°C):

+(0.005% + 1mV)/°C.
MAXIMUM OUTPUT CURRENT: +50mA.
SETTLING TIME: <1ims to 1% of final value. :
NOISE: Typically <200:V p-p, 0.1Hz-1MHz; 3mV p-p to 75MH=.
BIAS WAVEFORM:

DC: Qutputs the programmed value.

STAIR: Cutput changes in increments of BIAS STEP V from FIRST BIAS
V to LAST BIAS V.

DUAL STAIR: Output changes In increments of BIAS STEP V from FIRST
BIAS V to LAST BIAS V, then back to FIRST BIAS V.

PULSE: Outputs pulse train; amplitude increments by BIAS STEP V
from FIRST BIAS V to LAST BIAS V (each pulse is from DEFAULT
BIAS V to FIRST BIAS V for duration of STEP TIME, then back to
DEFAULT BIAS V). Also programmable for single pulse.

EXT: Allows application of external bias source (via VOLTAGE BIAS
INPUT).

BIAS PARAMETERS: FIRST BIAS V, LAST BIAS V, DEFAULT BIAS V,
BIAS STEP V, START TIME, STOP TIME, STEP TIME, COUNT.

BIAS STEP V: Programmable in 5SmV steps to 20V. Polarity selectable +
or —.

START TIME; After transition from DEFAULT BIAS V to FIRST BIAS V,
START TIME must elapse before first measurement. Programmeable in
increments of 1024xs from 1 to 65,536 increments.

Accuracy: +(0.1% + 1ms).

STEP TIME: The period between the transition of BIAS STEP V and the
start of the next measurement. ammable in increments of 1024ps

from 1 to 65,536 increments. Accuracy: +(0.1% +Ims).

"STOP TIME: The period between the end of the final measurement and
the transition from LAST BIAS V to DEFAULT BIAS V. Programmable
in increments of 1024xs from 1 to 65,536 increments.

Accuracy: +(0.1% + Ims).

EXTERNAL VOLTAGE BIAS INPUT: Rear panel input terminals allow
application of external bias source up to +200V, £50mA.
Input Impedance: 100kD paralleled by 1uF.

VOLTAGE BIAS MONITOR: Rear panel output terminals allow monitor
of the DC BIAS SOURCE output or externally applied VOLTAGE BIAS
INPUT. Level: 1V = IV out. Quiput Resistance: 1ki.

VOLTAGE BIAS DISPLAY: Front panel 4%-digit display allows direct

readback of the DC BIAS SOURCE output or externally applied VOL-
TAGE BIASINPUT. 4 : £(0.05% + 5 counts). Temperature Coef-

fident: +(0.005% + 0.1 count)/°C.



ANALYSIS CAPABILITY :

{Programuming and output available from front panel or IEEE-488 bus)

READING BUFFERS A and B: Two data buffers allow storage and math-
ematical manipulation on up to 450 measurement triplets: capacitance,
conductance, and voltage. In C vs. t, capacitance and index only are
stored (up to 1350 points).

lfC;:é:;rforms the inverse of C* on the capacitance data stored in reading
buifer.

C!C,: Allows normalization of capacitance readings stored in reading buffer

to a user-programmable reference value Co.
Cazax: Searches reading buffer for the maxdmum capacitance value.

Ca—Cp: Sequentially computes the difference between corresgondinsg
capacitance readings stored in reading buffer A and reading buffer B.

| V4— Vg |: Calculates the corresponding difference in applied voltage for
values of capacitance in reading buffer B equal to each value in reading
buffer A. '

C va. t: Allows fast measurement of capacitance vs. time (1000 rdg/s).

CABLE COMPENSATION

(Up to 8 setups can be stored in non-volatile memory)

CALIBRATION CAPACITOR COMPENSATION: Corrects for errors due
to cables or switching matrix up to 5 meters effective (electrical equivalent)
length. Twotneasurements are made with cables and matrix terminated
with precision reference capacitors in place of the DUT. Model 5907
Cable/Matrix Calibration Capacitor Set required. Bus programmable only.
IMEz only. Accuracy: +(0.5% + applicable front panel specification),
typical. o

SINGLE-ENDED CABLE and S-PARAMETER COMPENSATION can
also be made. See manual for detailed information.

IEEE-488 BUS IMPLEMENTATION

Mg}}gﬂm‘ﬁ COMMANDS: DCL, LLO, SDC, GET, GTL, UNT, SPE,

UNILINE COMMANDS: IFC, REN, EOI, SRQ, ATN.

INTERFACE FUNCTIONS: SH1, AHI, TEQ, L4, LEQ, SR1, RL1, PP0, DCI,
DT1, E1, €0 (for stand alone plotting C28 is used).

PROGRAMMABLE PARAMETERS: Range, Function, Zero, Filter, Fre-
Euen?{, Bias Wavgform, Bias Paramgters, Plotting, Plottgr Parameters,

QI Trigger, Terminator, 450 Data Point Storage, tion, Cable Cor-

rection, Display, Status, Service Request, Self Test, Output Format.

TRANSLATOR: Up to 250 bytes of definitions allow variable passing, def-
inition decomposition and listing.

GENERAL

DISPLAY: Three 4%-digit displays for capacitance, conductance, and
voltage bias.

RANGE: Manual or autoranging (for rates up to 18 rdg/s); 10% overrange
allowable.

OVERRANGE INDICATION: Display reads OFLO.

AVARLABLE MEASUREMENT RATES (to internal buffer):

#4-Digit: 1, 10, and 18 rdg/s. 3%-Digit: 75 and 1000 rdg/s.

FILTER: I-pole analog; pole at 37Hz. Filters both capacitance and conduc-
tance signals. For FILTER off, multiply p-p noise specification by 5.
CAL: Initiates self-calibration to internal reference capacitor. Used fo cancel

initial zero, gain, and phase errors.

ZERO: Allows zeroing of on range readings. Allows relative readings to
be made with respect fo a baseline value,

MAXIMUM OVERLOAD: OUTPUT, Voltage Bias Input: 200V internal-
ly fused at 4A. INPUT: Clamped by diodes to +0.7V. Maximum current
200mA. Anzlog Qutputs: I5V.

MAXIMUM COMMON MODE VOLTAGE (INPUT and OUTPUT,

Voltage Bias Input): 30V rms, dc to 60Hz. Rear panel switch allows con-
necbion of INPUT low to chassis.

ANALOG OUTPUTS (Capacitance and Conductance): Level: 2V output
at full range. Initial Offset: +25mV. Qutput Resistance: 1k. Response
Time: 1ms to 1% of final value with filter off; 25ms maximum with
filter on.

FLOTTER: Digital plotter output controls HP7470A plotter or equivalent
using HPGL via IEEE-488 for real-time plotting of all measurements as
well as results of math computations, with grids and labels. Talks to
plotter on address 05. HPGL commands used are IN, IP, IW, PA, PD,
PU, SC, &I, SP.

FRONT PANEL SETUPS: Up to 7 front panel setups can be stored in non-
volatile memory. .

EXTERNAL TRIGGER: TTL compatible External Trigger Input and
Qutput. .

INPUT CONNECTORS: Isolated BNC for INPUT and Voltage Bias Input.

QUTPUT CONNECTORS: Isolated BNCs for OUTPUT, Voltage Bias Moni-
tor, and Anzlog Qutputs. Non-isolated BNCs for External Trigger.

ENVIRONMENT: Operating: 0°-50°C, relative humidity 70% non-conden-
sing up to 35°C. Storage: —25° to +65°C.

WARMUP: 1 hour to rated accuracy.

COOLING: Internal fan and filter for forced air cooling.

POWER: 105-125V or 210-250V (external switch selected), S0Hz to 60Hz,
T00VA. maxioum. 90-110V and 180-220V version available upon request.

DIMENSIONS, WEIGHT: 133mm high x 435mm wide x 448mm deep
(B% . x 17% in. x 17%; in.}. Net weight 9.1kg (20 Ibs.).

ACCESSORIES SUPPLIED: Two Model 7051-5 BNC cables.

ACCESSORIES AVAILABLE:
Model 5904:  20nF/20mS Adapter
Model 5905:  Calibration Sources and Adapters for 590/1M.
Model 5%06:  Calibration Sources and Adapters for 580/1M,
590/100k, 550/100k/1M, and 5304
Model 5907:  Cable/Matrix Calibration: Sources

Model 7007-1: Shielded JEEE-488 Digital Cable, 1m (3.3 ft.)
Model 7007-2: Shielded IFEE-488 Digital Cable, 2m (6.6 ft.)
Model 7051-2: BNC to BNC Cable, 0.5m (2 ft.)
Model 7051-5: BNC to BNC Cable, 1.5m (5 ft.)
Model 7051-10: BNC to BNC Cable, 3m (10 ft.)

Specifications subject to change without notice



590/100K ANALOG OUTPUT PERFORMANCE

ACCURACY (1 Year) TEMPERATURE COEFFICIENT SHUNT CAPAéITANCE

18° -28°C E-P NOISE* 0° <18° & 28° -50°C LOADING EFFECT*

RANGE +{% reading + mV) ANALOG FILTER ON #(% reading + mV) £ (% reading + niV)
20 pF 1% + (50 x GG + 1) 6 F 02% + (10 x GiGrs + 0.1) 01 % + (03 x GIGgs)
20 45 1% + (20 x CiCrs + 1 ) 4 NS 02% + (4 % ClCss + 0.1) 01 % + {03 x CiCrs)
200 pF 1% + (30 x GIGss + 0.5) 90 fF 02% + (10 x G/Ggs + 01} 0.1 % + (03 x G/Ggs)
200 S 1% + (20 x C/Cx + 0.5) 60 nS 0.2% + (4 x CICxs + 0) 01 % + (07 x CiC)
2nF 2% + (30 x GIGz + 0.5) 00 fF 04% + (10 X G/Grs + 0.2) 0.02% + (0.2 x G/Gws)
2mS 2% + (20 x C/Css + 0.5) 0.61S 04% + ( 4 x C/Cz + 0.2) 002% + (0.3 x C/Cx)
20 nF* 3% + (50 x GiGzs + 0.5) 9 pF 06% + (10 x GIGz + 0.1) 01 % + (0.2 x GIGrs)
20mS 3% + (20 x C/Cx + 0.5) 6 uS 04% +( 4 x ClCes + Q1) 01 % + (0.2 x C/Css)

Accuracy stated for Q=20 . Typical error for Q<20 .
*Using Model 5904 20nF/20mS INPUT ADAPTER.

NOTES:

500pF will increase noise no more than x2.
5. 5904 must be calibrated with a particular 590/100K to achieve this ac-
curacy level. ‘

1. G = conductance veading; C = capacitance reading; Gy» = full scale

conductance; Crr = full scale capacitance. '

2. Range and accuracy designations based on parallel RC model.

3. “Shunt Capacitance Loading” is additional accuracy error with equal

shunt load on Test Qutput and Test Input, per 100pF load.

4. Noise specified with 500pF shunt loading on Test Output and Test In-
. put. Noise on 2pF and 20pF ranges is typical with 100pF shunt loading;

TEST VOLTAGE: 15mV rms +10%.
TEST FREQUENCY: 100kHz. Tolerance: £0.1%.

‘590/IM ANALOG OUTPUT PERFORMANCE

ACCURACY (1 Year) TEMPERATURE COEFFICIENT ~ SHUNT CAPACITANCE

18° -28°C B-P NOISE* 0° -18°C & 28° -50°C LOADING EFFECT*

RANGE +{% reading + V) ANALOG FILTER ON +(% reading + miV) +(% reading + miV)
20 pF 2% + (75 x GIGes + 1) 12 oV 0.5% + (15 % GIGz) 05 % + (2.5 % G/Ggs)
200 S 2% + (30 x ClCxs + 1) 0750V 015% + (6 x CiCsy) 05 % + (1.0 x C/Cas)
200 pF 2% + (7B x GIGes + 1} 14V _015% + (15 x G/Grs) 0.35% + (40 x G/Ggs)
2mS 3% + (0 x CCx + 1) 0.9 mv 0.15% + ( 6 x C/Cz} 0.35% + (1.6 X C/Css)
2nF Upto InF 5% + (150 % GiGes + 1) 03 oV 0.155% + (15 x GI/Ggs) 0.35% + (40 x G/Ggs)
20mS UptomS 5% + (40 x CfCpe + 1) 02 mV 0.15%_ + { 6 x Cl/Cxy) 0.35% + (1.6 x C/Cx;)
2nF Above InF 5% + 2300 x GIGg + 1) 03 mV 0.15% + (15 x GIGrs) 0.35% + (40 x GlGss)
20m5 Above 0mS 7% + (40 x C/Cps + T) 0.2 oV 035% + ( 6 X C/Crs) 0.35% + (L6 x C/Ces)

NOTES:

Input. Noise on 2pF and 20pF ranges is typical with 100pF shunt loading;
500pF will increase neise no more than X2

1 G = conductance reading: C = capacitance reading; Ges = full scale
conductance; Cpe = full scale capacitance.

2. Ramge and accuracy designations based on parallel RC model.

3. “Shamt Capacitatice Loading” is additional accuracy error with equal
shunt load on Test Output and Test Input, per W0pF load.

4. Noise specified with 500pF shunt loading on Test Qutput and Test

TEST VOETAGE: 15oiV rms +10%.
TEST FREQUENCY: 1MHz. Tolerance: +0.1%.



Contains an overview of the insbument, including
features, unpacking instructions, as well as a brief
description of available accessories.

SECTION 1

General Information

Includes an overview of front and rear panel configura-
tion and basic test procedures. Use the information in
this section to get your Model 590 up and running as
quickly as possible.

This section contains detailed information on operating
all available versions of the Model 590. Use this sec-
tion as a reference to all front panel operation.
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Section 4 contains information on connecting the
Model 590 to the IEEE-488 bus and programming the
instrument from a computer. -

SECTION 4
IEEE-488 Programming

Outlines procedures necessary to verify that the Model
BA0 and the 100kHz and ™Mz modules are operafine
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within stated specifications.

SECTION 5

- Performance Verification

A complete description of operating principles for the
instrument is located in this section. Analog, digital,
microcomputer, and power supply circuits are des-
cribed, as are the IEEE-488 interface, and the capacdi-
tance modules. '

SECTION 6

- - Principles of Operation

-

Details maintenance procedures for the Model 590, in-
cluding fuse replacement, line voltage selection, calibra-
tion, and troubleshooting.

et ol anuFTad VB
SCEUVIIVUN /
Maintenance

Includes replacement parts information, schematic
diagrams, and component location drawings for the
Model 390.

- SECTION 8
Replaceable Parts




TABLE OF CONTENTS

SECTION 1 — GENERAL INFORMATION

11 INTRODUCTION 1\t itiiiiiiiiiiiiiieeiiaii i eiasacaaannnnnnnns e e e eaeaaeecaer iy 1-1
1.2 FEATURES ... ..ttt ir e iacaannnaaas et eaaiieaeiveaenaaaas 1-1}
1.3 WARRANTY INFORMATION . ...oitiitiiiiiinititienineinantatneeananancreensnaneneeasnisns 1-2
1.4 MANUAL ADDENDA ... i e i ittt s e ataeaieaeasaasaaanas 1-2
1.5 SAFETY TERMS AND SYMBOLS ... i ittt i e ce et et ettt e ieaaaenes 1-2
1.6 SPECTEICATIONS ..ottt sttt sttt ssnssasacassnenaesnenras 1-2
1.7 UNPACKING AND INSPECTION . ..ot ttee ettt et it i s ieeeeiaonensnssnaassnans veeeen |12
171 Shipment Contents.......oviuiiiiiiiiii ittt iraeaas e, 1-2
1.7.2 Module Complement ... ...t it e 1-2
1.7.3 . Additional Instruction Manuals . ... ....vutiuiuien et 1-2
18  PREPARATION FOR USE .. .cnttiiiii i et e st seoaasatanaeanaennnans 12
1.8.1 LN PoWer .. o e e e 1-2
1.8.2 Line Voltage Selection ... ...uunutiii ittt ettt ieaa s tatreaaaenanaonerieieanenrnnens 1-2]
1.8.3 Line Frequency .......oovmiiiiiiiiii i e iaeaaaaaes 1-3
1.8.4 IEEE-488 Primary Address ..........ouiniiiiiiiiiiiiiiiar ittt e i i anaaas 1-3
1.9 REPACKING FOR SHIPMENT . ..ottt ettt it s i re e e e e et e e e e e e eaees 1-3
130 OPTIONAL ACCESSORIES ... .uitiiirintienaerteneraneraeiaceenesanonarusinesnsicssssenanas 1-3
1101 General ACCeSSOTIOS .. uuuueeieririareretasenaranertaeaeataaeateeeoneenearieseisenensnsnns 1-3
1.10.2  Calibration and Verification Sources .........ccoeieiiiniiinninnn... et iae e 1-3/

2.1 N R D DU TN 4ottt t it i ees e ee e etetanesarasenesaensnsoesnssasasnsnsnsnsneans ot er e

2.2 FRONT PANEL FAMILIARIZATION .....c.vvvvivnienni... A

2.3 REAR PANEL FAMILIARIZATION ..ottt et e veeeeaeaeas e e e

24 POWER UP PROCEDURE . . . eiiei ittt e e e ettt e et e e e e e e e et e ettt ianssansnns
241 Line Voltage Selection .. ..vvuinvniiite ittt ittt e et et
2.4.2 Line Power COnmectHonsS v vvrvrrererrereennnenseensnnns e e P
24.3 ey LTt Y
244 Power Up Self Test and Display Messages 7

245  Power Up Configuration .. ......cooiininiiii i i ittt ettt ie et
2.4.6 Warm D Period . . .o it s ittt e e e e e i

25 BASICMEASUREMEN‘I‘TECI—INIQUES............; ...........................................
251 TestConneclions..........covvuinininnn... e E e b aa e e e eaeaataeeaatairaa e ane | 217
252 > F-E o @ Fa =Rt oo g MY [=tctea h £=d aaL<s 4 - R | 2-19
2.5.3  Basic Plotting Techniques .................000. e e
254 Fundamental C vs t Measuwrements ............ e et eeaeeaaaenea e e et e,

SECTION 3 — OPERATION

1

2

2.1 Error Messages ....c.oveveeneenenininneaanieannns ettt e
2.2 Informational MeSSages - . o vt v ettt ie et iis ettt e e et aean



33

331
332
3.33
3.4

341
3.4.2
3.4.3
3.3

3.5.1
352
353
3.54
355
3.6

3.6.1
362
363
3.6.4
365
37

3.7.1
3.72
3.7.3
374
38

3.8.1
3.8.2

3 10

3.101
3.10.2
3.103
3.10.4
3.10.5
311

3.11.1
3.11.2
3.12

3.12.1
3.122
3.123
3.12.4
3125
3.12.6
3.12.7
3.12.8
3.13

3.13.1

3.132

3.133
3.134
3.135

TEST CONNKECTIONS......core oo '

BNC Test Jacks... -
Typical Test Conﬁcurauon
Grounded and Floating Opera‘mon

READINGS AND HARDWARE CONTROL
Capacitance and Conductance DIisplays .. il it s sessns s . _
Bias VOUAZE ISPIAY . .oeere ettt rc bt ec e raes i raba b b s s bbb s shs b ab b s e RS s eSS s e et s sasu et s enna s emnen
Hardware Control CORSIAEIALIONS «.ecurereriesieiiscremcsstss il rareisbenaniessssasssssmsst o sssissmssmsmss et sasssnensnss snssbnensrnssssnrasos
RANGE SELECTIOMN .....ccceetreeeonmeseressesressssss ressease e ssmesesesasessssms st svasems st emesrasemsaesmemearassrsst ors smsras sesmerss resmssse e smmses
Available RANZES .....cvcecurerrerrerrrerrrersrsrerersssersssnereressssrescssreness rmssasesens et anranas R
Invalid Reading IndICationS ..ov e irreerrcesrnestsescmre e srossssse e sntensanssrns s smsn s sas s sasssoos

Manual Range Selection...
Using Autorancmg

Using the 20nF/20mS Range ..ZIZ:IIIIIIZZ';IIZIfiﬁﬁﬁfI.'f_'}}}fﬁﬁﬁ....ZZ:II:Z:III_ZZ_I:ﬁ_f:i:_ﬁ_ﬁlﬁ:iﬁ:"""""""""""""""'"

PREQU’ENCY SELECTION
Frequencies Available by Model
Test Voltages ..

Selecting a Frequency. 'f..............Z'.I'.I:?IIIZI:IIIIﬁlﬁﬁﬁfﬁﬁﬁf""ﬁ:ﬁﬁIIIZZZ'.ZIIIIﬁlﬁfﬁfﬁﬁﬁﬁﬁﬁﬁﬁI’.ZZZﬁiﬁ-ﬁ_-ﬁﬁﬁﬁﬁﬁfﬁﬁfﬁﬁﬁf:I:fﬁ:ff.

..........

l.l.uUJ
(Yt

N
N

I
o

G
<y =l

Frequency Error Messages ................

" Disconnecting the Test Voltage.........

Measurement MOE] .......ocoeceireviiimeie e iersreess i esinsr s i ssssssaens s s snsntabasssananannenmnesers sarasnnse

Model Selection...

Conductance and Re51stance Ranoes

Series and Parallel Equivalent CerUltS
FII TER..

1
D GO GO D

beJllanJ

L2
1

Filter COMITOL ...ccricceriisrisessnsnsisssncsinssnesis st s s e s ran e e e sttt e mes s e S n b e T 3-17
Typical Filter RESPONSE ...oerec st ninsis s ansn s snsess e e ssm s enn s s snem s sn s

Using the Filter ...

Selecting a Reading RaAte .o e

Display Resolution...
Digital Filter...

General Rate Selecuon Con31derauons

1000 Reading Per Second Rate Conaderatzor-l‘s.

1000 Rcadmcs Per Second Instrument Settings
Typical Readintr RS o e

USING ZERO...
Enabling and stabhncr Zero

.................................................................................................

..................................................

Storing Capacitance and Conductance Baseime Values eems o b2t o R a2 e e e

Using Zero to Optimize Instrument Accuracy....

Zero Con51dcrat10ns

Examples of Zero Operation........ueeeneceersnen.

Correction Procedure...

Internal Correction Sequence OSSO O

TRIGGERING THE INSTRUMENT
Selecting a Trigger Mode ...c.orveccncecns
Programming the Trigger Source

Front Panel Triggerning.......coeomomoeoeeiceen

Trigger Overrun Conditions ..o vermemcssce e scencines

External Trigger Input cooeevicviciccnincnincans

External Trigger Outpul....ueoece e cececevrecerenees

External Triggering Example

JIEEE-488 Bus Triggering ..ovvnvcneneemcvecennenes

DATA KEYS...

Increment and Decrement ............................

Display Cursor

SHIFT/QUIT Key Operation ..........cccoeeee. e
NUMETIC INPUL.eeecnie e e




3.13.6
3.13.7
3.13.8
3.14

3.14.1
3.14.2
3143
3144
3.1435
3.14.6
3.14.7
3.14.8
315

3.15.1
3152
3.153
3154
3.16

3.16.1
3162
3.16.3
3.16.4
3.16.5
3.16.6
3.16.7
3.16.8

3.169

3.16.10
3.16.11
3.16.12
3.16.13
317
3171
3.17.2
3.17.3
3.18
3.18.1
3.182
3.19
3.19.1
3.19.2
3.19.3
3.20
3.20.1
3.20.2
3.21
3.21.1
3.21.2
3.21.3
3214
3.21.5
3.22
3221
3.22.2
3.22.3
323
323.1
3232
3233
3234

MUMIPIS PATATEIET EIIY <. oot escrsascss st b e s s st s st ans s et bbb en A £t res srmesemcamscesaramarememeeens
Invalid Parameter Entry ...............

L3-31
331

Data Key Examples......ocooeceeeeerens .
BIAS VOLTAGE. ...
Selecting a Bias Waveform ......cccceeververeennnns
Programming Waveform Parameters.......
Controlhncr the Bias Voltage (BIAS ON)

Bias Waveform and Parameter Definitions.
Bias Step and Sweep Durations .......cv..vee.e.

Using External Bias SOUCes ..evveremesensies ’
Mt:)n]tonncr the Bias Voltage...
External bras voltage measurement TRILZE c.uveeeemsnrensermearmrnssrsses e nbracabesbss boms it o8t ebta bansenbsssasts bms bhrmre e mmnsmn semmrsernrend
BUFFER OPERA'I'ION ..................................
Buffer Definitions ..
How Trigger Modes Affect the AD Buffer .
Accessing Buffer Information...

Transferring BUFfer CONTENTS «.ovrvorriooerrereoeor

PLOTTING DATA .ooeeeeveverrarans
Recommended PIOHELS ...ocorvveviveeeescos e eceeeeeenesssnsessns

Plotter Language SYNax .....ovevreemrerersesmsssmesens

Plotter Primary AdAress .....vvvcererecevsveresrmsnsessions T Sieranemsenecsenianssnennsaseesnne s L 3~

Plotter Bus Connections...

Programming Plotter Setup Parameters ......... S

Graph Format ..
Plotting a Gnd..
Initiating the Plot...
Aborting 2 Plot or Gnd

Plotter Error..

Plotter sCahng...._....................:.lﬁ...ﬁ:ﬁf:IIIfﬁ::”fffﬁ:’ﬁ... S -

Plot Types ... e e ean e
Plot Exarnples

SAVING AND RECALMNG INSTRUMENT CONFIGURATIONS ..o 3-

Factory Default Configurations .........o v eecrenens

SAVEing Configurations ... .
RECALLing Conﬁcurauons ............... bt ematens erereeersreneenesersmersaeneaes R
Test Sequence ...........

T P v b -

+3-72

3-72

3-72

Roming 1he SelfTesT_ - S —
MATI-IE'.MATICAL FUNCTIONS,.. - corenestans e

-+ 3-73|

Displaying Math Functions... -

1373

3-73

Using Math Functions with the Plotter ......................................................................... et etteen i e

L 3-74

Math Function DesCrptions ... eereseesnssserenss insce sasencens

3-73

Cvs. tMEASUREMENTS ..o mvieeeeeeene . eereeenensronen rreeeneesnerren.
Internal C vs. t MEaSUTEINIENIS. .. cvmeeee e e eeeeeeacennens ' '

[376|

3-76

External C vs. £ IMIBASIUIEINIEIILS «..coovveeeecvmeessesvereseresrrseesesmesrsmeeseams seaemeanasassmanssanssssan sesansenansnesansomaresans seem emrememeeed]

L3-81

CABLE CORRECTION ..o creenecnsmsastssnsersessasesessesesess seme s e sms s wimtosest e mesean st sent st rassases sasans —

L 3-83
L 3-83

384

Recalling Cable Comection Constants.....
Cable Correction Considerations ......eueen.

L3-85]
. 3-85

Fundamental of Cable Correction........eeuen...
ANALOG OUTPUTS ..o
Analog Qutput Connections.......owervevsluereniias

. 3-86
[ 3-86
[ 3-86

Analog Output Scaling...acoveeeeereeemmeneercene

| 3-87

Typical Analog Output Uses......... .,
MEASUREMENT CONSIDERATIONS...
Ground Loops ... . cevmetee et s et en st

13-89

.. 3-89

3-89

Electromagnetic Interference (EMI}

3-80

Parasitic Capac1tance ...................................

.£3-90

Cable Transmission Ling Effects ......ovvveieveseessarees

=




SECTION 4 — IEEE-488 PROGRAMMING

41
4.2
4.3
4.3.1
4.3.2
4.3.3
434
435
4.3.6
44
43
4.5.1
4.5.2
4.6
4.6.1
4.6.2
4.7
4.7.1
4.7.2
4.7.3
474
4.8
4.8.1
4.8.2

e g g
oo
00~ O U1

iv

L N I L I 0 141
A SHORT-CUT TO TEEE-488 OPERATION ... ...uivtiittiananiitsniutnssiteancannsssneannnsssns 4-1
BUS CONNECTIONS ......cooiiiiiiientt s e 44
Bus COMNeCtOr « v v v vt vviei ittt et e e e e, 44
-Multiple Connections ...................uv0, e h e et e e eaeaaeeaaas PR 44
Recommended Cables .......coviiiiiuiiiiiiiiiii ittt it sty 45
Connection Procedtire ... .....uiiin ettt e ittt wraeea|4D
- Bus Limifations ......vvvvnetiir it r st e erae et 45
Contact Assignments .............. e e e e 45
INTERFACE FUNCTION CODES ...oovvrviiininncnnennenn. e |46
PRIMARY ADDRESS SELECTION .. oitutttiteitieaait e staranesnaaaarsnoaasacanaranenansnas 4-7
BN T =TT 00 Bt a1 a3 o V- GRS 4-7
N'%IR LEI%theP rimary Address ........... .o il i i i L 4
OL PROGRAMMING ......c.civiiiiinnann et eeeaeaeeseieeesaaetaa et s 4-7
Controller Handler Software ..... e et e ee ettt ee e et 47
BASIC Interface Programming Statements ... ..o.vuiurniitiiiiiirriiiniinennrnneinenseeiinins 147
FRONT PANEL ASPECTS OF JEEE488 OPERATION . ...ttt ieiiiiiee e naae s
Front Panel Error Messages ..........cocviiiiiirninnnninnn... evertaceecesanecnronsenennran 4-8
JEEE-488 Status Indicators ...........ovvuun. e i e e 4-10
7 G ) 4 411
Simultaneous Front Panel and Bus Operation ............cooiiiiiiiiiiiiiiniiiiiiiiiiinninnas 411
GENERAL BUS COMMAND PROGRAMMING ...t ivvvuiiiiniinernansetrnsrsssssssorvannsssosss 4-11
REN (Remote Bnable). .o vuivsiivenuuriiinnoeansranosetosssuoseasosirnsrosssnssoracioannssss 4-12
TEC (Inferface Clear) .. oo vttt it e et e e iaeeaeeaaasnneerennaneeeacannsoaaanassonossnsannnnn 412
LLO (Local LoCKOWE . ot taus it iasttaiiatets st riiteutsessssnssesnnnsncsoancasssannonnnnnns 4-12
1§ (a0 I o A 4-13
DCL (Device Clear). . v vttt eiitieete ittt s terassneeaneanneeasaotssssarasssessonesansesss 4-13
SDC( Selective Device ClEar} . ..o ovvuve ittt iias et iaiiaint it iasstnratsrassssssssnssniesnss 4-14
GET (Group Exectate TIZZET) .. ..vvveniiiiii ittt ee e aee i s 4-14
-Serial Polling (SPE, SPD) . ...uuviitirtiinneninesrrsstseinseranreniriisenaessersessnnersnnss 4-14
DEVICE—DEPENDENT COMMAND PROGRAMMING . .ottt ieii it i et i ee e e ieaaaannnnnn 4-i6
EXECUEE (X) 4 v v v veeenreseennassisennnnnee s s e e anaa e e n e e e 2z
L= T g Loy ) P 4-25
0T 1 P 4-26
Reading Rate (5) ..vovuniiie i i e ittt et 427
17 - o 1 eeaaees e i 4-28
“Bias Voltage Parameters (V) ............ooviviiiin e e e et 4-29
Waveform Type and Time (W) ..o ivneneiiiii i e i e e e s 431
Bias Source Comtrol (). .. uvivttiitireeeutoiurnseinerteausensarrosnesnssrnororosrsssrneneess 4-32
I 2o a1 (€)1 SRt 4-33
Operation and Model (O) .........ccoviiniiiiint, e e e 436
Buffer Comtrol (B) + o cvt vt ieiiitinneenretaainetonsetrrasssesrorsosarctonassrersssriraseannan 4-38
Plotter Control (A) «.vorii i e e et e et a s 439
= £ S 7/ P 447
313 o ) T e e e e e i (443
=2 7= L (10 444
SRQ (M) and Status Byte Format.................. e e aeanaaan 4-58
Save and Recall (L) . .overuntueeiinitirraaeenssretsssisiosenossssrerrastsiunanresessronssananes 4-62
Measure and Assign Cable Parameters ... e 4-63
Save and Recall Cable Comrections - . ..o ottt it ittt et aceneanaerassenrennarnnons 4-65
O 10 0% o T (0 ) R S 466
=34 00k 47 4 4-67
-EOI and Bus Hold-off on X (K). . ...iivinteii i et i e e e e 4-68
Display (D) . coveriiiiiii e e bereraaraaaaas reeeeees 4-70
HitButton (H) ................. ... e e e [ e 4-71
Self Test (]) ................................................................................. (472




410 TRANSLATOR ... .vvviiiiineinniinnnns e e e e eaaaan AU N |4-73]
4101  Defining Translator Words (ATIAS) ..... e e e emaaaans (474
410.2  Enabling the Translator (NEW)............ R eea e seaaaae 475
4103  Disabling the Translator (OLD) .........ovvvnvinvnnn.n. et aeeiaaaeaeaaeseaaiae it 1476
4104  Combining Translator Words (ALIAS and NEW). ... i e e 4-77]
4105  Reading Back Translator Words (LIST) ..... e s 478
4106  Purging Translator Words (FORGET) ............. e e s - {479
41307 Obtaining Translator Status (U2ZU32) ............... e e e e et e s, 4-80
4108  Translator Parameter Passing {§) ......ouuriimiiii e et i et e 4-83
410.9  Translator Exror Handling ..................... S e e e, 4-85
411 CABLECORRECTION .....ccviiirvninnnannnnn e e e 4-86|
4711 Driving Point COTTECHOT « ... evvueenssenneae et e et teete et e et e e e e e et e eaeanes =7
411.2  Matrix Parameter Correction.......... [ e A 4-87
41.3 Standards Correctiont. ................. s e e e b e e e e 4102
4114  Saving and Recalling Cable Setups ............ e i PO P 4-104
4115  Internal Correction Constants ....................... e e ereaeaeeeeaeaaa Leele... 42104
412 PROGRAMMING EXAMPLES. ...\ttt it ittt ettt et et taiaaa e sarcrrnnnannnaans -.. |£106
4121  Programming for One-Point Measurements .............oveimiiii it iniai e, 4106
412.2.  CV Plotter Programming ..........ccocveueinineann. e iieiiaietieeaiaeaeaans 4-108
4123 CowvstProgramming................... et e e e eeeaaeaeaeaaa s e 4110
4124  Accessing %ruffer In%ormaﬁon ................................................................. 4112
4125  QObtaining Complete Instrument Status......... PR e, PP 4114
4126  Using the Translator ................. e et e eaeahareai e 4114
4127  Using an External Bias Source ............. v, e et h e b ieieeeeeiieeaaaeaas 4117
413  BUS TRANSMISSION TIMES ........... e meeaaanaas [ s e eaaeaa - | #1119
4131  Factors Affecting Bus Times.................... S e ... 44119
413.2  Optimizing Measurement Speed .......... i, e rereaaeaaenaes et e 4-120
4133  Programming Example ... ... i 4120
SECTION 5 — PERFORMANCE VERIFICATION

51 INTRODUCTION .....covvnervnennnn. e el P £ I
5.2 ENVIRONMENTAL CONDITIONS .ottt et e e eee e eenss P |51
53  INITIAL CONDITIONS . ... oot iiiieee i e ettt 51
54 RECOMMENDED TEST EQUIPMENT AND SOURCES. ... ... et R | 511
55  VERIFICATION LIMIT CALCULATIONS ...\ttt e e e i eceenaeaaaans v, 52
552 . Full Scale ACCUTaCy . ....covvuvnvnnniinennenns R R et raan e e e 5-2
553 Spillover Calculations................. A 5-2
5.5.5 Analog Output Calculations............ e aeas e e i et 5-3
556  Absolute Values........................ Ceeaeieaaaaaa. et ettt e eeeeea et teanaeeannan] 15-3|
56  VERIFICATION PROCEDURES . . . . oottt ettt v aeee e eaaaaenreaanannrnnn, 15-4]
56.1 Front Panel Verification ........conoiiiii i i i it ettt 5-4
56.2 Analdg Quiput Verification ......... e I | 5-10]
5.6.3 Com;ite odel 5904 Verification .........ovivieiiiiniiii PP EEY
564 Voltage Verification . .. ....oeit it et 517
SECTION 6 — PRINCIPLES OF OPERATION

61 INTRODUCTION .......ccoiivivniennnnnen. A s 61
6.2 FUNCTIONAL DESCRIFTION .ottt ittt ettt teaa ettt etaasaaeaasionaneansnnanens &1
6.3 - DIGITAL CIRCUIIRY.......... e e e e e e ea e teae et ina e aaen.. .- e 6-3
6.3.1 200 £0] LTIt e 6-3
6.3.2 Memory CIICUILS ..o uv ittt ittt e e e tm e m e e c e e et e e i aaeee e aann 6-5
6.3.3 Hardware Mudtiplier ...............ooiooiiiaen e e e e e e e e saeeaaiaaaa e 6-6
6.34 Input/Quiput ................. U, e et iaaeeanaaesaeceaaaa, e 16-6
6.3.5 TEEE-488 Interface ........cccuvu... e e e rraaaaaaas 67|
6.3.6 Data Segment Laiches and Drivers ... ... P, e et e e e et raaae et 67




64

64.1
64.2
64.3
644
64.5
64.6
6.5

6.5.1
6.5.2
653
6.54
6.5.5
6.56
6.5.7
6.6

6.6.1
6.6.2
6.6.3

664

6.6.5
6.6.6
667
6.7

6.7.1
672
6.7.3
6.8

68.1
6.8.2
6.9

6.9.1
6.9.2
6.9.3
594
5.9.5
895
97

ANATOG CIRCUTIRY . ... vvvv e A 67
CIOcK SIZNAIS . vveenrenneeeneereeinnennn et e e e 69
Lo T I n x v o) AN 69
fo) echm e 1 K 1 ot i 1SN AP e e e e e a et r bttt e s 6-10
50010 E 0L 51 x 122 > S 6-10 |
A/D COnVErter ....ocvviiiiiinniiiniieeierneanarannns e e 6-13 |
VOlagE SOUICE ..\ttt ittt it et 615 |

100kHz CAPACITANCE MODULE ........cciveeen... e et e e ee et e 6-17
T3 oyt AT o v 1= 6-17
Waveform SymthesiZer. . .. oo va et i 6-19
Output AmPHET .. .o o e e 6-19
Antomatic Gain Control ............. et @ et 6-19
Input Amplifiers............. ... ... S S .. 619
Synchronous DO 0T vt it etseeeineasscesneensassseesnssenssnsasnannssasassnesnncesnsanncnans 6-20
>0 L 37~ 1 6-20

IMHz CAPACITANCE MODULE ......... e e e e a e e e eeeae et [6-21
T T o = v T 6-21
Waveform Synthesizer .............coieiiiiiii, et e 6-21
Output Amplifier. ...... ... J 16-21
Antomatic Galn ComTo]. ..o v ittt ie ittt itteceannasanssesncenannesnscsnasnseaennenns 6-23
Input Amplifiers ...........ooii e PO P seee. [6-23
SYnchronous Detector ... ...uetuir i et eiae i aa e 6-24
315 1 {2 +< N e veenaas 6-24

B Lt ] o 11 6-24
AC Line Input ............................................................................... 6-24
Analo pg}les .............................................................................. 6-25 |
b =TI T <

DISPLAY AND KEYBOARD TR TS ottt iee st ieteeeeeetonsesseeronesssnmmeaanenecsssoneeeans 6-26
LI o) e 6-26

a s ¢« AP DR 6-27

CABLE CORRECTION PRINCIPLES . ...... A 627
25 0 o)l Lo s 1<) - 6-27
Internal Model Corrections . ..o viii it it ittt eeeeeeaeerensnsesssacssonssensnossnssnonnneenss 6-29
1O and Transmission Model CorrettomS « v it cireereee e a e crairrerearnarsesesensnanereneenns 6-29
Cable Correction AlgOrHRm .. .vineii i it i it ie ittt et ea e, 16-30|
Driving Point Correction .........c.oovvuuen. e e et 6-31|
Calibration Source Cormetton. . . iovve et s i eenvneisnanseasaonsnennnensnns et eeteines e 6-31
Fo I 51 0% 1. 1<i (=2 gl 800w o e 01 (AR | . 1 §

SECTION 7 — MAINTENANCE

VA
7.2
721
72.2
73

L d-20]
foded

732
733

7.34
735

Lr =W
£

737
7.38
7.3.9
74

vi

TATTRAIYT T TTAAT c ) - T

AN LI LI I LI LN ¢ s v s r v r s s r s s e s r s r s s s s P e e e s s a st sesassssssesnrassre s eesssssssesesisssnsssasqssasss

JR Tyay— o 0. ORI X pipiy
.I.'d.LI.U.Ly \.,d.u.u.r.a,l.i.uu ...........................................................................

L0 L 2 Lo B T
Environmental Conditions . .. ...oovrnni i i i i e ittt aer e i
Recornmended Calibration Equipment and Sotrces ....... ..o iiiiiiiiiiiinieeeaa
Calibration Switch ..ot i e i et eeataatiasasa s

Pl |1 N LI LR [
BTACIVLL \CAJLLELLICLLIALD & o o v o v o w8 8 4 b s m v b+ 4 8 4 8 o S b v E N RN s e AN SRS se S se e s ca Bt st a s

YT ko 10 @1 1 o) ¢ L s« A

Calibration Program ...................... et aeii e e revreteeanas nemeranans [ )

Digital Calibration .. ....vceeen i it ittt ittt e e e e
SPECTAL HANDLING OF STATIC-SENSITIVE DEVICES ... cuvuiiniitiaimroaiiaaneenaanannnnes

-

-




7.5 DISASSEMBLY ... R 17
751 Top and Bottom Cover Removal . ..... ..o i, e e R Vi v
7.5.2 Module and Circuit Board Removal and Replacement ..... e e 719
753 . Case DHSassemibly . ..o ier it e e 719
754 . Rear Panel Disassembly ...................oi... e e e e emaeaeeretaaaaaaaanan 7-25
755 . Front Panel Disassembly .........nooinunno e e e e 725
7.6 TROUBLESHOOTING ... eei e et e et amaraar et e 725
76.1 . Recommended Test Equipment ........... ... . ..ol e e - [Z25
76.2 Sl TSt v\ et e e e, . .o [7Z25 ]
763 - Diagnostic Program .................. . .ol e e rae e s 7-28 |
764 Troubleshooting Sequence .......-...... Teenas [ [ S O S V7
765  Power Supply Checks. ... oo e 730
766 = Microcomputer and Digital Circuitry Checks ........................ e 730
767 Mother Board ... ..o e weaeeeaas i 730
768 Display Board . ....... o e 730
769 100kHz and TMHz Capacitance Modules. ... .. ... ... i i i 730
77 EAN FIITER CLEANING AND REPLACEMENT ... ... it ie e eeaeeane 730
SECTION 8 — REPLACEABLE PARTS

81 INTRODUCTION ...ttt et e ettt e e e e eae e e e e e 81
8.2 ELECTRICAL PARTS LISTS ..ottt ittt e e e et et e e e aeane 81
83 MECHANICAL PARTS. . ..ottt ettt et et e e et e e e e eeee e e eaee 831
84 ORDERING INFORMATION . - . oottt et e et e et et aaaaas 81
8.5 FACTORY SERVICE. ........... et e e e saea et e aaeans 81
86 COMPONENT LOCATION DRAWINGS AND SCHEMATIC DIAGRAMS .....oeeeeeniaeenonnn, &1
APPENDIX A .. Al
APPENDIX B B
APPEND X € C1
APPEND X D . e D1
APPENDIX E . E-1
APPENDIX F .
APPENDIX G ..ottt [e5q
APPEND X H Lo e H1
APPEND X | .




LIST OF TABLES

SECTION 1 — GENERAL INFORMATION

1-1 . Standard Sets by Model Number........ e iea b e 13
SECTION 2 — GETTING STARTED

21 Model 590 Front Panel Cross Reference ............. e e e [2:2]
2-2 - Model 590 Rear Panel Cross Reference. ... ..o.uuiiiuiiiiiii i e v e e e e ens 2-13
2-3 Power Up Default Conditions .............................. e e, P 2-17|
2-4  Initial Control Settings for Orie Point Measurements . ... .......ooiiiiiiiiiiiiiiiiriaeiineannn. 2-19
2-5 . Initial Control Settings for Plotting ..............ooooiui. P e 2-20 |
26 Initial Plotter Set Up .......ooviiiiiiiiniiinn... s et e 2-21
2-7 - Basic Settings for C vs t Measurements ...............ooviiian .. e e 2-23
SECTION 3 — OPERATION

31 Error Messages . ..ovvuiiiiiiiiiiiea e PO e PSR [3-2]
32 Information MESSAZES .. ...euieeu et e e 13-3)
33 - Range SUMMAIY . ..coooivvii i ini i e e e eeaaaaaaaeasaaeaeiiaaeaiaaaas 3-9
34 Range Error Messages .. oo oouiiinninit i it ia it it i e ceens ceriaaae P 13-9
3-5 . Test Voltage Frequency by Model ................... e eesaaaaas e ieareee-.[3-13
3-6 Frequency Error Messages ... ... oo it e 3-14
37  Resistance and Conductance Ranges......... ..o, v e 3-15
38 Converting Series-Parallel Equivalent Circuits ........ e e et e, Ceeas 3-16|
3-9 . Typical Filter Response Times...... et e e 3-17]
3-10 ReadingRate Summary..........c.ooviiviiiiiiiiiniiiiiiaaaiaan. e aaeeereeeanaean 3-18
311  Examples of Zero Operation ...... P e e R, e R e 3-21)
312 TriggerModes .......ooovnnui i et . 3-25
3-13  Trgger Mode and Source Combinations .................... e maeeeaeeaseasieaavneaeanan 3-26
314  Trigger Source Display Messages............... e e e e e e iacaaeae et 3-26
3-15  Bias Waveform Summary . ... ..o et i et e e e 3-34
3-16  Bias Voltage Parameter Summary ........... e e PO P v 3-35|
317 Recommended Plotters ..ol e et e e e e aeee v aem—aana 3-57 1
3-18  HP-GL Instructions Used by Model 5390 ...................... s e eeere e raeanas 3-58
3-19 . Plotter Setup Parameters ....................... e PR eeaes e 3-60
3-20  Factory Default Configurations for Save/Recall..............uiinititii it i iieinenans 3-71]
321 Self Test MesSages .. ..vu vt irieii i eieeaiiiiieiiiniananann, e raeartenieere e aa e 3-73
322 Internal C vs t Setup CONAIHONS .. ....vvnne ittt e e e enaees R 3-78
3-23 . External C vs t Settup Condiioms . . oo uvuu ettt ittt it et et e e ia e e et e e eaaiaaas 3-81
324 S of Cable Connection Methods ............. e e s 2-83|
3-25  Analog Output Full Scale Values ...:....... S e aeaeniaaaaas 11 13-87
3-26  Analog Output Examples .............vvuvn.n.. e e e e e e b et 3-87
SECTION 4 — IEEE-488 PROGRAMMING

41 Summary of Most Often Used IEEE-488 Commands -........ccvuvrnernnrriivinnnnnnn. e
42  IEEE Contact Designations . .....vvuveeeeereasnassnncneinannnennnns e aeeeaaaaa.

ix



43 . Model 590 Interface Function Codes ......... S P, &7
4-4 HP-85 IEEE-488 BASIC StalMENES ..o vuvvneerenonan s e mnetaanesananeatanenmnerneaeanenn- l4-8
45 Front Panel IEEE-488 Messages. . OO -
46 General Bus Commands and Associated BASIC Statements -..............cocoemooseoneannnnns 4-11
&7 Power Up, DCL/SDC Default Condifions ........coovuommmio i e 4-13
4-8 Order of Command Execution ............cooiiiiiiiiiiiii i, e e 4-13)
49 Device-Dependent Command Summary.......ccocoveeiiuna... e e 4-18
410 Command Cross Reference in Alphabetical Order .............. PR e 4-23
411 Bias Voltage Paramefer SUMIMATY .. ..o tu ottt ittt et et eie e ce e iaeaaas 4-30
412 Examples of Data Formats .......ccccvvrveniiiiiieniiiiiiiii e e rrere e e 4-33
R = 1 = 1 o BT e 1 1< YIS 4-40
414 U Command FOTmMAt STUMTNATY « - -« v« veutntentan ettt iia e aaaeiaaaaansaes ey 445
415 Typical Bus Hold-off Times ....................... e e e .. 469
416  Hii Button (H) CoOmMMAaNd SUMMAIT ..o e uuetreeneeerenneeeaennnraaeaenneeannnnasernennmeeen 471
417  Translator Reserved Words and CRaracters ... .ovu vt reeeeeenneruneennoneeretaaseareasernanaens 4-73
418  Translator Statits Word SUIMMATY .. ...viuiniii it ittt e i e i iiarieianaeenns 480
419 Cable Correction Methods .......ccoomiaiaiiiiiiaLL e 4-86
4-20 Cable Correction Commands .. ...covveemneinnei il i iinanns U =<
421  Equipment Required for Matrix Parameter Correction ...... N 14-87
4.22 Matrix Parameter Calctlation. . ... .o.vvine it i i e i e i e 492
423  Capacitance Standards Required for Cable Correction .........cooiiiiiiiiiiiiiii i 4-102
SECTION 5 — PERFORMANCE VERIFICATION

51  Equipment and Sources Required for Verification ...............coooiiiiii i 5-2]
52 Conductance Source Parameters. ... .ottt it e ittt et ey 5-3
53 Instrument 100kHz Capacitance Verification . . .....ovvviiiiiniiin i i ieieeaannes 5-6
5-4 Instrument 100kHz Conductance Verification .....covvviiievnnviniionii s e 5-7
5-5 Instrument IMHz Capacitance Verification .............. e e iereeieeia i Ceeene 15-6
5-6 Instrument 1IMHz Conductance Verification ... .......ouiiir ittt iiie it eiiiiianaeaeaaaans 5-10
57  Analog Output 100kHz Capacitance Verification ............c.coocoiiiinnn. e >12
58 Analog Output 100kHz Conductance Verification . ... en 5-14
5-9 Analog Output 1MHz Capacitance Verification .......... ..o 5-15
510  Analog Output TMHz Conductance Verification ..........ooeiiiiiiiiiiiii e 5-17
511 Internal Bias Source and 20V Range Read-Back ACCUTACY ... vvinnrrinnnrnnciiiieieaniennen. 5-19
512  Limits for 200V Read-Back Range. .. ... vv vt iueeieae i iiee et ie e aienans 5-21
SECTION 6 — PRINCIPLES OF OPERATION

61 Memory Map .. ovveiiiiiiiii e e evensasaresactenaennrnenans eeeeevssesiaas [6-5]
62 Relay FUNCHONS « oot vieveieiiiieee e e e iceeieeeees P 6-10
6-3  Multiplexer Control Signals .................. PP PP 611
SECTION 7 — MAINTENANCE

-1 Line Fuse Valles. .. oottt ittt iia e te it et ir et s eaa i a it st et s 7-2
7-2  Recommended Calibration Eqmpmnt AN SOUTCES « - eneneeinsnssissasesaneseneeeecnaaaeeans 7-4
7-3 Calibration Command Summary .........c.ccccnvus. e eeecataceeaceaccecesiiaaressrnanacesans 7-6!
74 Voltage Read-Back Calibration SUmMmMAry .. .......oveiiiimneii e 7-10
75 Voltage Source Calibration Summary ............ P | 7-12]
7-6 100kHz Calibration Summary ................. e ettt etaaetaranae ittt ea e s | 7-14|
7-7  Model 5904 Calibration SUMIMATY . ......iuenininieeninenrastramiamanssoararaomacasnasannassnss 7-15
7-8 IMHz Calibration Summary ................. g 7-16
7-9 Driving Point Calibration SUmMmMAry ... .....vuueureiirrennrareireeeetaceeetaenasanraanasasssss 7-16




710  Recommended Troubleshooting Equipment ©...... ... ... ... 0 o o i 725
711 Self Test Display Messages -......... e e e e e e e e e e e am e —rann | 7-25|
12 Diagnostic Program Summary .......... e e ek et ae et 728
713 Power SUpply CheckS. . .v ot iaa e 732
714 Microcomputer and Digital Checks.......... P A L A A D 1732
715 Mother Board CRetKS . . oottt ittt ettt e et ateeaa e 733
716  Display Board Checks ................. e e et et e me e eee e aiaaaean 734
717 . 100kHz Capacitance Module Checks ...... oottt it e cie i et eaaaas 7-35]
718  IMHz Capacitance Module Checks ...... e e e e eeee e e 736
SECTION 8 — REPLACEABLE PARTS

81  Mother Board, Parts LISt . ..o ue v te ittt te e e e et e e et a it et et eme e e taaae e anaaaaal 8-2
82 _ Display Board, Parts List .......coiueim i i 813
8-3 " Digital Board, Parts List.......ouuinitin it e e e b 819
8-4 100kHz (5901) Module, Parts List ........... e e r e e e e e e 8-31
8-5 IMHz (5902) Module, Parts List ..... [ e e e 18-39
8-6 KI590 Operational Amplifier (4607), Parts List..... .. ... i i | 8-47 |
R/ O T-T-30 -+ 18-50 |
8-8 _ Micellaneous Mechamical Parts ... .....ooiinuuiin oottt a et e eeanaaann e inans 8-51
89 . Model 5904 Input Adapter, Parts List...... e e e e L1851
APPENDIX C

C1 TEEE-488 Bus Commiand Summary ... .l i ettt i e C3
C-2  Hexadecimal and Decimal Command Codes. ...t iiiiier it iiiiirasaicetcranasaas C7
C-3 - Typical Addressed Command Sequence...........coiuiiiiiii it it 7
C-4  Typical Device-Dependent Command Sequence .................................................... 7
C5 . IEEE Command GIOUP .. ueunmttinie ittt ie ittt tr e e v asa s senanennsenaneanennnnrnns -1CT7
APPENDIX [

11 HP-85 and BASIC 2.0/4.0 Programming Language Differences ...t .

XifXii



LIST OF ILLUSTRATIONS

SECTION 2 — GETTING STARTED

2-1 . Model 590 Front Panel ... ... eevaeaeaaas e e et 2-3
22  Model 590 Rear Panel ...l e enereeaeamaaeeas e e 2-14
2-3 - Typical Test ConnectOnS .. .covuneniiiiieieiieaiaiireeaaaaas O . 12:18
24 Ploting EXample. .. .....uiun e s e e e e e m v asem e et e iansan 2722
2-5 Cvst Wavelorm. ..ottt ettt et 2-23
SECTION 3 — OPERATION

31 Input and Qutput Jack Configuration ..........coocniiunn.n. e e e E e et eae ety .- [33] -
3-2 Typical Test Connections ..........cccovvivnanan. e ettt eeaieeaaaaieaeaan 3-5
3-3 Equivalent Circuit of Test Connections....................... e ee e airaeeaiaeas .ae |3-6
34 Floating/Grounded QOperation of Analog COMMON ... .vuvtvrvnie i iaianimn o saacaeisan e anaanss 3-6
35 - Capacitors, Conductance (Resistance), and Bias Voltage Displays.......... ... il 3-7
36  Flow Chart of Autoranging Operation ............c.coooounnn. e ieeiaaiiaeaa 3-11
37 - Typical Test Connections Using Model 5904 20pF/20mS Adapter .......cvuriinieiniinninaaan.. 3-12
3-8 Frequency Selection Flow Chart . ... ... oo .|313
39 Equivalent Circuit of Parallel Capacitance and Conductance ...........covuninvniniiieiiiiiain, 13-14
3-10  Equivalent Series and Parallel Impedances ................. S eaeeeeiieaeaa e 315
3-11 ~ Typical Analog Filter Response............. e e et aae e e et eanataaeee e 3-17
3-12  Zero Operation Flowcharts. . ... .uvietinii i i it ie et ii e rine e e e . D72
3-13  Front Panel CAL Sequence .......... et et ee e 3-23
3-14  Internal Drift Correction Sequence....... e e P e 3-24
3-15 Trigger Overrun OpPeration ... ... .ouinu et iiae e aeacaamreanaetansaneanaaaeasinns 3-27
3-16 . External Trigger Input Pulse Specification ....... ... . .. iiiiiniiirimre i e aae e ene 3-27
3-17  Trigger Input and Output Jack Configuration......... ..o 3-28
3-18  External Trigger Output Pulse Specification ........cooiiemiiiiiiiiiiieiia e, e 3-28
3-19 - External Triggering Conmections..........ccooiiiiiiiiiiann, eerreearenenas eeeenn e 3-29
3-20 Bias ON Key Operation ......con ittt eirearaiaanaaananenn, rereenrreeas 3-36
3-21  Bias Switching Network (a) Software Tmplementahon of Blas ON(B)........ait DU 3-37
i G 0 - =12 T

323 DC Single Sweep ....iiiii s e e, e 3-39
3-24  Single Staircase, One-Shot .............................................. et teese i ranen—.a 3-40
3-25  Single Staricase, SWeED ... ciuiiiii i e e s aa e st 3-41
3-26  Dmual Staircase, One-Shot ....vvvvreocrvineann.. SR eemenean PR [ 2 .
3-27 - - Dual Staircase, Single Sweep ....... [ e e, eeemeiaas 3-43
328 Pulse Train, One- S%n ............................. et et vam e em e e aaaataan [3-44]
3-29 .. Pulse Train, Single Sweep ............ g SR 1 3-45!
3-30 External, One-Shot......oviermiiriieiinnrarianansaacasenan e e e ememranaen 3-46
3-31 External, Single-Sweep ................ [ s et taaiaaaaeaaeanaas 3-47
3-32  Bias Step Durations ..............co i et eaan e et 3-49
3-33 - External Bias Source Connections ............. N 3-50
3-34  Bias Monitor Connections. ......coevaiiiaiiaiaas, I 3-52!
3-35  Buffer Operation in One-Shot Mode....... e e, et Crmaaaeeaas 3-54
3-36  Buffer Operation in Sweep Mode ......... P [ 3-55
3-37 HP-GL Syntax Used by Model 590 ... ... .. i it iiiiiiiiiatatnvanasasuanranaacaannnnnensn 3-38
3-38  IEEE-488 Plotter COmNEctOnS . .« vt tieieeansaetateeasantaacrrnessrassrassamnsoanatonanesonnn 359
3-39  Plotting Flowchart ........c..cocvuioaoiinann. e et iaireeaiiaaaaas e 3-60|
340 . PlOE FOTIAL . + e vt vt v e et eueeam s et e e e e e e et am e oe et e et aa e et aeae e e 3-61

xiii



3-49
3-50
3-51
3-52
3-53
3-54
3-55
3-56
3-57

C Vs V EXamIDIe ..ottt e e [3-64]
GvsVExample .......cooviiiiiiii i, e ettt ciaaeaaaea 3-65|.
TCZ WS VEXAIPIE ..o ottt ettt et et et et 3-66
CvstExample ............oooiiiaes. Pt 3-67]
ClCovs VExample ...t s e ieaaeaeaaan 3-68
CasCrvs VEXamle. .. oot e [3-69)
[Va-Vp]JC=CONST Example.................. e e eeeeeneas 3.70
Math Function Display Formats ... ... oo e 3-74
CvstWaveform..........o.oooviiiniana.. e i 3-77
External C vs t Connections ............cccoviiiiiuiiiaiiann... A M, e 3-80
Cvs t DESplay Format . ..o vttt et e et et e 3-81
Connections for Cable Correction..................... et aeeeae e 3-85
Two-Port Network ...t e 3-86 -
Analog Qutput Connection Example. .. .....oon i 3-88
Multiple Ground Points Create a Ground Loop.........coviiii i 3-89
Eliminating Ground Loop. .. ... uin ittt ittt et et et e e e 3-89
Parasitic Capaditance .......................... e e et e e et e e e 3-91

SECTION 4 — IEEE-488 PROGRAMMING

41
4-2
4-3
44
4-5
4-6
4-7
4-8
49
4-10
4-11
412
£13
4-14
4-15
416
£17

xiv

Typical Program Flow Chart ........ouuuiiiiiiiit it e e e iaa e e e einennss [42]
TEEE-488 COnnector ....ovvvvrnreranneennnns PSP i, e E
IEEE-488 Connections .............. eaann e ia bt naaaanan i eseeta e imaaniannan 44
TEEE-488 Conmector LoCatOml. .. vttt ittt ettt i aa e e e e et aea e e e e s e aeeeaaeeanans 4.5
L0311 e PN o o [E
General Data Format ................................ N 434)
O Command Data Format .......oovivieriniinenaaennnnannn e m ettt eaae e, 437
U0 Status Word Format (Hardware/Software Revision) .. .......ooiiiiiiinniiiinniniiiaieennnnn. 448
Ul Emror Status Word Format ... ... . it 4-48
U2 Status Word Format (Buffer A Range Group) ........iviiiniiiii it it iaiaiaaanns 4-48
U3 Status WOrd (Buffer A Trigger Group) ... oovvvnini it ie e e ee e 4-49
U4 Status Word Format (Buffer A Zero GIoup). . .c.vuiu ettt ir e ie e eee e e eaaaanannns 4-49
US Status Word Format (Buffer A Bias Group) .. ....o.viiiiiiiiiiii i i e e ... |4-49
U6 Status Word Format (Buffer A Bias Voltage) .............. e et raaaaaaaannaaas 4-49
U7 Status Word Format (Buffer A Bias Times)........... e e a e aaeieeeeeaeaeeaan 4-50
U8 Status Word Format (Buffer A Position and TImMe) ......oveniiiivirirei i ieiieiaiaanens 4-50
U9 Status Word Format (Buffer B Range GIoup). . ....covutieetiariiernreeatiaaeenannnnannn. 450 |
10 Status Word (Buffer B THgmer Gromp) « o oo e et et it et et e e e et esaaeeteeaanans 4-51
U11 Status Word Format (Bufter B ZerouEroup) ................... et eea et 4-51
U12 Status Word Format (Buffer B Bias Group).......co.vuvuenininiii i iciieieaeeeeannenens 451
U13 Status Word Format (Buffer B Bias Voltage) .. .. ..o v iimen i i en s 4-b1
Ul4 Status Word Format (Buffer B Bias Time) .. ...vvnn ittt et iie e e ereeeeiseeeaneannnnen 452
U15 Status Word Format (Buffer B Position and TIme) .....ovveermerrnn et eiaieaaiannns 4-52
Ulé Status Word Format (Buffer A Maximum and Minimum Capacitance) ........cveeevenvnnnnn.a. 452
U17 Status Word Format (Buffer A Maximum and Minimum Conductance) ........ccvvevinennn... 4.52
U18 Status Word Format (Buffer A Maximum and Minimum Voltage) .............covviininnant 453
U19 Status Word Format (Buffer B Maximum and Minimum Capaciance) .........veveveennennnans 453
U20 Status Word Format (Buffer B Maximum and Minimum Conductance) ............coviinnnnn.. 4-53
U21 Status Word Format (Buffer B Maximum and Minimum Voltage) ..............cooiviiin.. .. 4-53
U22 Status Word Format (Global Programming Parameters) ........c.ovviieniamoininennannnns 4-54
U23 Status Word Format (Plotter Programming Parameters) ........oouvuiuviniivnvonnneneneneanns 454
U24 Status Word Format (IEEE OQutput Parameters)................ D 4-55
125 Status Word Format (IEEE Input Parameter) ... .....ooiuiiernitiieiaieseanennrnnennneen- 4-56
U26 Status Word Format .. ....o.ouiii ittt ittt 4-57
SRQ Mask and Status Byte Format.............. ettt aaaaran 459
SRQ Timing with One-Shot Trigger Mode ............ e aieaaiiaaaanes 1459 |
SRQ Timing with Sweep Trigger Mode ........ e e aeiaeeaeiaeaaesaaacaiiaaaaaas A [ 4-60 |




438
4-39
440
4-41
442
4-43
4-44
445
4-46
447
4-48
449
4-50
451
452
4.53
4-54
455
4-56
4-57
4-58
4.59
4-60

U27 Status Word Format (Translator User Name List) ... ..o viiii it it ieiaaeeaneees eeen 4-81
1029 Status Word Format (Reserved Name List) . .. .. .o iior i i i e ceaennns 481
130 Status Word Format (New/Old Status) ....o.ivininr it ie et e ieeeeeaenns 4-81
131 Status Word Format (Translator User Translatlon T 4-82
Connecting Methods .. ... .cini o e e e 4-84
S Parameter Definftion - .....ccvveintiinrnnnn il eiati it e e 491
Test Configuration for S Parameter Examples ............co o i 493
SuReal Component........ooiuiiniiiiniininunnn. tmmere 4 e e e aee e e b e 494
S Imaginary ComPOReNt ... .uui ittt e et e e anan 495
Sz Real Component. ...ttt i 496
S;; Imaginary Component ........... e e e e e 497
_Syu Real Component........ooovemviiniiiiiiiiiiiiiiannan, e e e ieeaaeana. 4-98
S:: Imaginary Component ......... e e e 4.99
S, Real Component..........ooovvinnnn... e e e e aaiaa i, 4-100
-5z Imaginary COmPONent ... ..iett ittt iiiiis et ei it iiian e s 4-101
Connections for Standards Correction ................ e e 4-103
Status Word Showing K0, K1 Real and Imaginary Parameters ...........oviinniiiinniaenan. ... 4-105
Flowchart of One-Point Program ........oiviniineennnineian e iiea i inraaeaanns e 4-107
Flowchart of C vs V Plotting Example Program .........covviiiiiiiii oo, L 4-109| .
Flowchart of Cvs t Program .........cooiiiiiiiiiiiieinaan, e s e, 4-111
Flowchart of Buffer Program .....0 .. ... i e 4-113
Flowchart of Status Word Program .......... S S e e 4114
- Translator Program Flow Chart. . ... ..o et e e e e e 4-116

SECTION 5 — PERFORMANCE VERIFICATION

5-1
5-2
3-3
54
5-5
56
5-7
5-8

-Mounting Source on Insfrument ... L. 5-4
General Flowchart of Instrument Verification............. .o 55
. General Flowchart of Analog Qutput Verification ... 5-11
Connecting for Analog Output Capacitance Verification ................. o iiiiiiiiiiaL 2-13
- Connections for Analog Output Conductance Verification ..............cooiiv i, 5-16
- Voltage Verification Flowchart. .......coveviii i i s e D 5-18
Connections for Voltage Verification ................ e i e ... [5-20
Connections for 200V Read-Back Verification ......................... e 522

SECTION 6 — PRINCIPLES OF OPERATION

6-1
2.
6-3
64
&5
6-6
6-7
6-8
69
6-10
6-11
612
6-13
6-14
6-15

BLOCK DIAGTAITL . . - - e ee sttt e e e 6-2]
- Digital Circuit Block DIaGaml .. ...oouuesitnn et eaiii e iaei e e 6-4]
. 6809 Microprocessor Programming Mode. ... .. e e et e s |65
Analog Circuitry Block Diagram ... o.ueeie it ittt e [6-8|
Serial Control Bit Format ........covvvvnninaa.. e et ey 6-9
Simplified Schematic of Input Mulfiplexer. ... ... ... i it 6-12
Measurement Phase .........oooiiiiieiiiiien e, e teesieesaaa e e eaaaaaas 6-13
‘Simplified Schematic of A/D Converter ........ B .. |6-14
._Simplified Schematic of Voltage Source ......... ... e, 6-16
Bl DxagramoflOOkHzCapaatanceModule e e eieiieeeeeiee e . 16-18
““Block Diagram of IMHz Capacitance Module.............. e 16-22|
Block Dzagram of Power Supply..........co..... e e et 6-25
Block Diagram of Display and Keyboa.rd .......... f e et ceeaeeeeatantaaeeinas 626
~ Transmission Path Error Model ............. ... ... e, P |6-28)
.Electronics Error Model............... e e e 6-29




SECTION 7 — MAINTENANCE

71 Line Fuse Location .....oueinniiiit it ettt e e e e e [Z2]
72 External Bias Fuse LOCAHOM .+ .vueirutnten et ee e e et et emne e e e e e s e e e e e e oo [7.3]
73 Calibration Lock Switch LOCRHON . .\. vttt et et ettt e e 75
74 Module Calibration ConmeCHONS . .......uuii ittt ettt 77
75 Module Calibration Adjustments............ e e b e e e e e et ean et aa e, [Z8)|
76 Connections for 200V Read-Back Callbration. ... ..ovuiivrrnorona oo ie et e 711
g Source Connectons . .. ...ttt e e e eeaeeaa e, 711
73 Voltage Source Calibration Adjustment Locat:tons ........ e e aeeie e [ | 713
79  Top and Bottom Cover Removal ...........covvvveniieiinnneinnnns. e, e | 7-18|
0  Circuit Board Removal and Replacement. ... ... ..o i 7-20/
711 Cable Commectoms. ... ouu ettt ittt e e e e 721
12 Case DISASSEINBLY ..o ettt ittt e e e e e e 723
713 Rear Panel Disassemb;y ...ouu s enueunee e et ie et et e Tt 7-26)
714 Front Panel Disassembly ...........vnieii e PO . (727
715  Troubleshooting Flow Chart ................... e A aaaeaaseaeeneaaaane s 729
716  Troubleshooting Block Diagram ............... e e e e ———— U 7-30)|
717  Fan Filter Removal . .. .. ooo oo e 7-31
SECTION 8 — REPLACEABLE PARTS

81  Mother Board, Component Location Drawing, Dwg. No. 590900 . ....ooii oo e, 5-8]
82  Mother Board, Schematic Drawing, Dwg. No. 590106 ............... s 18-91
83  Display Board, Component Location Drawing, Dwg. No. 590-110. ... ...ooiiiiniiii it 816
84  Display Board, Schematic Diagram, Dwg. No. 590-116. ... .....oiiiii i i 87|
&5  Digital Board, Component Location, Dwg. No. 590120 ............iiiniiiei i, 8-24
86  Digital Board, Schematic Diagram, Dwg. No. 590-126 . .. ....iiniii i ie e 825
87 Model 5501 (100kHz), Component Location Drawing, Dwg. No. SOOLI0 o eemen i 8-36
88  Model 5901 (100kHz), Schematic Diagram, Dwg. No. 5901-106 ... ..ooeninneniiiiiieiaa e, 837
&9  Model 5902 (IMHz), Component Lcation Drawing, Dwg. No. 5902-100 .. ......vvvivni e,

810 = Model 5902 (IMFHz), Schematic Drawing, Dwg. No. 5902106 .......oovnriiiniii i i §-45
811 KI59Q Operational Amplifier (U607), Comiponient Location Drawing, Dwg. No. 5902-180 ............. | 848
812  KI590 Operational Amplifier (U607), Schematic Diagram, Dwg. No. 59027188 ....................... 8-49
APPENDIX C

C1  IEEE Bus Configuration ............... e e |Cl
C-2  IEEE Handshake Sequence ..................iiiiinnenan... SR et aee et C-3
CG3  Command Codes .....ooeinninnii i e e s e C-6




SECTION 1
GENERAL INFORMATION

1.1 INTRODUCTION

This section contains information on Model 590 features,

warranty, manual addenda, specifications, and safety
terms and sgfmbols. Also included are procedures for un-
packing and inspecting the instrument, as well as a brief
description of available accessories.

The information in Section 1 is arranged as follows:

1.2 Features

1.3 Warranty Information

1.4 Manua! Addenda

1.5 Safety Symbols and Terms
1.6 Specifications

1.7 Unpacking and Inspection
1.8 Preparation for Use

1.9 Repacking for Shipment
1.10 Optional Accessories

1.2 FEATURES

The Model 590 CV Analyzer is a sophisticated instrument
designed as a complete solution for individuals requiring
capacitance and conductance versus voltage measurements
in semiconductor testing. The unit can test devices at either
100kHz or IMHz, depending on installed modules. The
Model 590/100k tests at 100kHz, while the Model 590/1M
operates at IMHz. The Model 590/100k/IM can test at both
100kHz and 1IMHz. Test voltage for both frequencies is
15mV RMS. s :

The Model 590/100k measures capacitance and conduc-
tance on four ranges: 2pF/2uS, 20pF/20xS, 200pE/200uS,
and 2nF/2mS (the optional Model 5904 Input Adapter can
extend the 100kHz measurement range to 20nF/20mS).
Similarly, the Model 590/1M measures capacitance and
conductance at IMHz on three ranges: 20p¥/200mS,
200pF/2mS, and 2nF/20mS. The Model 590/100k/1M in-
cludes both measurement capabilities.

Key Model 590 features include:

* A standard internal +20V bias source that can generate
staircase, pulse train, or DC waveforms. Provision to con-
nect an external bias source of up to +200V DC are also
included.

* Two 450-word internal buffers to store capacitance (C),
conductance (G), and bias voltage (V) data taken during

- - testing. Two complete sets of C, G, V data can be stored;

one set can be saved for plotting while another test is
being performed.

» Standard plotter driver software allows the Model 550
tocontrol an intelligent digital plotter over the [EEE-488
bus, simplifying a variety of different plot types, in-
cduding Cvs V, Gvs V, 1/C?*vs V, and C/Cy vs V.

* Nominal reading rates of 1, 10, 18, 75, or 1000 readings
per second allow you to choose the best compromise bet-
ween resolution, noise performance, and speed.

* Selectable analog filtering is included to minimize noise.

* External trigger input and output capabilities are included
to synchronize the Model 590 with other equipment such
as external bias sources.

* Analog outputs of capacitance, conductance, and bias
voltage are included to allow the monitoring or analog
plotting of these readings with external equipment.

* Isolated analog and digital sections, which allow
measurements with common mode voltages up to 30V
RMS.

e Internal calibration reference sources for maxirmum

accuracy.

¢ Built-in correction software to compensate for cable
transmission line effects that would otherwise degrade
accuracy. Up to seven sets of cable parameters can be
stored for later recall at the touch of a button. The unit

. can also compensate for non-uniform transmission lines
with the aid of external standards.

¢ Internal math ability to simplify calculation of such para-
meters as parallel/series model, capacitance difference
and ratio, and madmum and minimum capacitance
values.

* Up to seven different instrument configurations can be
stored and later recalled to simplify instrument configura-
tion. The factory configuration can also be recalled at the
touch of a button.

» A standard IEEE-488 interface is included, allowing the
instrument to be programmed from a computer. En-
hanced Keithiey Translator software simplifies pro-
gramming.

1-1
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1.3 WARRANTY INFORMATION

Warranty information for your Model 590 may be found
inside the front cover of this manual. Should it become
necessary for you to use the warranty, contact your
Keithley representative or the factory for information on
obtaining warranty service. Keithley Instruments, Inc
maintains service facilities in the United States, West Ger-
many, France, the Netherlands, Switzerland, and Austria.
Information concerning the operation, application, or ser-
vice of your instrument may be directed to the applications
engineer at one of these locations.

1.4 MANUAL ADDENDA

Information conerning changes or improvements to the in-
strument which occur after this manual has been printed
will be found on an addendum sheet included with the
instrument. Please be sure to read this information before
attempting to operate or service the instrument.

1.5 SAFETY TERMS AND SYMBOLS

The following safety terms are used in this manual or found
on the instrument:

The symbol A on the instrument indicates that the user
should refer to the operating instructions in this manual
for further details.

The WARNING heading used in this manual explains
dangers that could result in personal injury or death.
Always read the associated information very carefully
before performing the indicated procedure.

The CAUTION heading used in this manual explains
hazards that could damage the instument. Such damage
may invalidate the warranty.

1.6 SPECIFICATIONS

Detailed Model 590 specifications are located at the front-

of this manual.

1.7 UNPACKING AND INSPECTION

The Model 590 was carefiilly inspected and packed before
shipment. Upon receiving the instrument, carefully unpack
all items from the shipping carton and inspect for any ob-
vious signs of physical damage that might have occurred
during shipment. Report any damage to the shipping agent

immediately. Retain the original packing material in case
reshipment becomes necessary.

1.7.1 Shipment Contenis

The following items are included with every Model 590
shipment:

Model 590 CV Analyzer

Model 590 Instruction Manual

Model 7051 RG-58, BNC test cables (2)
Additional accessories as ordered.

1.7.2 Module Complement

Modules ordered with the unit will be shi?_ped already in-
stalled and calibrated. Available models include:

590/100k 100kHz capacitance module only
590/1M 1MHz capacitance module only
590/100k/IM  Both 100kHz and 1MHz capacitance

modules.

Note that the module complement is indicated by model
on the rear panel.

1.7.3 Additional Instruction Manﬁals

If an additional instruction manual is required, order the
manual package, Keithley Part Number 590-901-00. The
manual package includes an instruction manual and all per-
tinent addenda.

1.8 PREPARATION FOR USE

1.8.1 Line Power

The Model 590 is intended to operate from 105-125V or
210-250V AC power sources. A special power transformer
may be installed for 90-110V and 180-220V ranges. The fac-
tory set voltage range is marked on the rear panel.

1.8.2 Line Voltage Selection

The operating voltage is selected by a switch located on
the rear panel. Before using the instrument, make sure that
the switch is in the correct position for the line voltage in
your area. '
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CAUTION
Do not attempt to operate the instrument on a
line voltage outside the indicated range, or in-
strument damage may occur.

1.8.3 Line Frequency

The Model 590 may be operated from either 50 or 60Hz
power sources. SR

1.8.4 |IEEE-488 Primary Address

If the Model 590 is to be programmed over the IEEE-488
bus, it must be set to the correct primary address. The
primary address has been set to 15 at the factory, but it
can easily be changed from the front panel, as described
in Section 4.

1.9 REPACKING FOR SHIPMENT

Before shipment, the unit should be carefully packed in
its original packing carton using all original packing
materials.

If the instrument is to be returned to Keithley Instruments
for repair, complete. the following: -

Write ATTENTION REPAIR DEPARTMENT on the ship-
ping label. _ o

Include the warranty status of the instrument.
Complete and include the service form at the back of this
manual.

1.10 OPTIONAL ACCESSORIES

The following accessories for the Model 590 are available
from Keithley Instruments, Inc. Contact your Keithley
representative or the factory for information on obtaining
these accessories.

1.10.1 General Accessories

Model 2288 Fixed Rack Mount Kit—The Model 2288 Kit in-
cludes two flanged brackets and hardware for mounting
th}e) Model 590 in a standard 19-inch equipment rack or
cabinet.

Model 2289 Slide Rack Mount Kit—The Model 2289 Kit con-
sists of two sets of flanged brackets, equipment slides, and
hardware for mounting the Model 590 in a standard 19-inch
equipment rack or cabinet.

Model 5904 Adapter—The Model 5904 extends the 100kHz
measurement range of the instrument to 20nF/20ms. The
Model 5904 mounts-directly on the INPUT and QUTPUT
jacks and includes BNC connectors for test cable connec-
tions. Note that the Model 5904 and Model 590 must be

" calibrated as a matched pair for stated accuracy.

Model 7007-1 IEEE-488 Cable—The Model 7007-1 im (3.3
ft.) shielded IEEE-488 interface cable is equipped with a
shielded JFEE-488 connector (mefric) on each end.

Model 7007-2 IEEE-488 Cable—The Model 7007-2 2m (6.6
ft:) shielded IEEE-488 interface cable is equipped with a
shielded IEEE-488 metric-screw connector on each end.

Model 7051 BNC to BNC Cables—The Model 7051 cables
are made up RG-58 502 cable terminated with a male BNC
connector on each end. Three lengths are available: The
Models 7051-2, 7051-5, and 7051-10 are 0.5m (2 £f), 1.5m
(5 ft), and 3m (10 ft) in length respectively.

1.10.2 Calibration and Verification Sources

The calibration sources listed below are intended for use’

+ in field calibration or accuracy verification of the Model 590.

Fach source is mounted in a shielded test fixture, which
is equipped with BNC connectors. These fixtures are in-
tended to connect directly to the front panel test INPUT
and OUTPUT jacks to avoid cable errors {except for the
Model 5907 sources, which connect to cables through sup-
plied adapters).

Sources used with each model are summarized in Table
1-1. Table 1-2 summarizes nominal source values.

Table 1-1. Calibration Source Sets by Model

Number
Analyzer Model 5905 5906 5907*
590/100k X
590/1M X X
590/100k/1M X X

*Used for cable correction only; not needed for normal
calibration.
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Model 5905 Calibration Sources—The Model 5905 set con-
tains all the capacitance and conductance sources necessary

to calibrate or verify accuracy for the Model 590/1M. See

Table 1-2 for sources.

Model 5906 Calibration Sources—The Model 5906 sources
are necessary {o calibrate or verify the Model 590 when
used with a Model 5904 204F/20mS Adapter, and are also
needed to complete calibration or accuracy verification of
a Model 590/100k or a Model 590/100k/1M.

Model 5907 Calibration Sources—The Model 5907 sources
are intended for cable correction when using the calibra-
tion capacitor method of cable correction. The Model 5907
includes both 470pF and 1.8nF capacitance sources, and
adapters for connecting the sources to the ends of the test
cables.

Table 1-2. Calibration Sources and Nominal Values

Meodel | Capacitance Conductance

Number| Sources Sources

5905* 4.7pF, 18pF, 47pF, | 180gS, 1.8mS, 18mS
180pF, 470pF

5906+ 0.5pF, 1.5pF, 4.7nF | 1.8xS, 1845

5907** | 470pF, 1.8nF

*Model 5905 and 5906 include right angle ad:l}lyter and
BNC short for driving point cable correction caltbration.

**Model 5907 includes two female BNC-to-BNC adapters
to connect source to cables.

tModel 5906 also includes all sources in Model 5905.




SECTION 2
GETTING STARTED

2.1 INTRODUCTION

This section contains introductory information on operating
your instrument and is intended to help you get your Model
590 up and running as-quickly as possible. It includes a
brief description of operating controls and test connections.
Once you are familiar with the material presented here,
refer to Section 3 for more detailed information.

Section 2 is organized as follows:

2.2 Front Panel Familiarization: Briefly describes each
front panel control and test connection, outlines display

operation, and lists where to find more detailed infor-

mation in Section 3.

2.3 Rear Panel Familiarization: Outlines each aspect of
the Model 590 rear panel including connectors and
switches.

2.4 Power Up Procedure: Describes how to connect the
instrument to line power, properly select line voltage, and
the type of display messages to expect during the power

up cycle.

2.5 Basic Measurement Techniques: Gives step-by-step
procedures for making simple one-point measurements,
CV measurements, plotting data, and performing C vs’
t measurementis.

2.2 FRONT PANEL FAMILIARIZATION

An overview of the Model 590 is given in the following
paragraphs. The front panel of the instrument is shown in
Figure 2-1, along with a brief description of each item. Table
2-1 is a cross reference to other sections of the manual where
more detailed information may be found.

2-1
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Table 2-1. Model 590 Front Panel Cross Reference

voltage fo circuat under test.

Item Description Paragraph
1 LOCAL Cancel remote, restore local operation. 47
2 POWER Control AC power. T ' 2.4
3 RANGE Select range, auto, x10 attenuator. 3.5
4 FREQ Select 100kHz or 1Mz test frequency. 3.6
5 MODEL Select series R and C or parallel C and G. 3.7
6 FILTER Control single-pole analog low-pass filter. 3.8
7 RATE Select 1, 10, 75, or 1000 reading per second rate. 3.9
8 ZERO Enable, disable baseline suppression. 3.10
9 CAL Calibrate unit to internal standard. 3.11

10 MANUAL Initiate reading or sweep. 3.12

11 MODE/SOURCE Program trigger mode and source. 3.12

12 ON Turn DC bias on or off. 3.14

13 WAVEFORM Program bias waveform type. 3.14

14 PARAMETER Program bias voltages and times. 3.14

15 PLOT Plot over IEEE-488 bus. : 3.16

16 GRID Draw grid and label graph. 3.16

17 SETUP/ABORT Select grid type, labels, line c1?7]::e, pen type, buffer, and scaling. |3.16

ABORT stops plotting or grid generation. .

18 A (Increment) Scroll through menu. 3.13

19 ¥ (Decrement) Scroll through menu. 3.13

20 ENTER Enter parameters. 3.13

21 BUFFER Display buffer A or buffer B data. 3.15

21 A—-B Transfer buffer A data to buffer B. 315

22 SHIFT/QUIT Add second function to some keys, cancel menu, buffer, or Several

parameters.

23-3¢ Data Entry Program numeric data. 3.13

- - ' Scroll cursor when programming parameters.

23 CABLE CAL* Calibrate cable for 100kHz or 1IMHz use {driving point only). 3.20

24 CABLE #* Select cable correction parameter set. 3.20

25 SELF TEST* Perform test of internal components. 3.18

26 SAVE* Store up to seven instrument setups in NVRAM. 3.17

27 RECALL* Recall up to eight instrument setups from NVRAM. 3.17

28 IEEE* Program IEEE-488 primary address (0-30). 4.5

29 1/C Invert C and square value. 3.19

30 CICo Display normalized capacitance. 3.19

31 Ch Display maximum capacitance. 3.19

32 C-Cr Display different between buifers A & B 3.19

33 [V.Vs] C=Const. Plot AV at constant C. 3.19

34 Cvst Display C as a function of time (buffer index). 3.20

35 Capacitance Display Display capacitance reading. 3.4

36 Conductance Display Display conductance reading. 3.4

37 TALK, LISTEN, REMOTE| Show IEEE-488 bus status 47

38 Bias Voltage Display Display programmed or measured bias voltage. 3.14

39 BUFFER and MEASURE | Indicate display and reading status. 2.2

40 INPUT BNC connector to measure test signal. 3.3

41 OUTPUT BNC output applies 100kHz or 1MHz test voltage and bias 3.3

*Press SHIFT f{irst to access these modes.
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[KEMBLET] sse cv anauvzER o _E_
I I QA mn s e =
{98955 PF 199.991u5 CUUU UV (S =
i f toNTROL Y rmicaEn BIAS rorrer | s DaTA . . k B
(») || (B e Oefl O || Oalf S g " 2 % =l ®
FREQ AATE CAL MODE WAV O . @ m S
FPOWER :m D D D C:J = ’A‘“ m:u “’z - &
D.: : MODIL P - PARAMETER foaild D Cv:'j @ g_j @
D[.;ﬂl GDEW Q @ :Q‘c. W.-Q.._‘ g:j T
L \. LY S i} i y
[ |G
4]
uliG
LOCAL—Pressing this key when the unitis in Ranges Include:
remote (REMOTE on) returns the instrument to
the local mode (REMOTE OFF) and restores 100kHz 1MH=z
operation of other front panel controls unless 2pFi245
LLO (local lockout) is in effect. o " 20pF/204S 20pF/2004S
) 200pF/20045 200pF/2mS
POWER—POWER controls AC line power to the ME2mS INE/I20mS
instrument. The unit will be off when the switch 20nF/20mS*

is out (0 position) and on when the switch is in
(1 position). Before applying power, make sure
the line selection switch on the rear panel is in
the correct position for the AC line voltage in your
area. '

CONTROL GROUP

RANGE—Press RANGE briefly to manually
select range: 2pF (100kHz only), 20pF, 200pF, or
2nF. Pressing and holding RANGE for more than
a half second places the unit in autoranging, as
shown by AUTO indicator. Press RANGE again
to cancelyauto and stay on present range. SI-%[FT
RANGE switches in X10 attenuator to extend
100kHz measurement range to 20nF with exter-
nal optional input transformer (Model 5904).
Press SHIFT RANGE again to cancel X10.

NOTE
Autoranging is included for convenience only
and should not be used for time critical
measurements.

_ *Requires Model 5904 Input Transformer and X10

attenuator

FREQ—Press FREQ to select test frequency,
100kHz or 1IMHz at 15mV RMS. The excitation
voltage is applied to the circuit under test along
with the programmed bias voltage through the
OUTPUT jack. The associated indicator will in-
dicate the selected frequency. CONFLICT mes-
sage will be displayed if you attempt. to use the
X10 attenuator at IMHz. FREQ cani also be used
to disconnect internal test voltages from the
device under test. The unit will display DISCON- -
NECT in this case.

MODEL—MODEL selects series or parallel de-
vice model (series resistance and capacitance or
parallel conductance and capacitance). The instru-
ment always measures and stores buffer data in

arallel form, but the series equivalent is calcu-
ated and displayed when the series model is
selected. The selected model is shown by the
associated indicator.

Figure 2-1A. Model 590 Front Panel

2-3




GETTING STARTED

FILTER—FILTER toggles the single-pole low-pass

analog filter on and off, as shown by the indicator
adjacent to the FILTER button. The approximate
—3dB point for the filter is 37Hz, and the effects
of the filter are reflected both at the analog out-
puts on the rear panel and on the display. Note
that the filter increases instrument response time.

RATE—DPress RATE then A /W {or RATE)} o scroll
through the rate selection menu: 1, 10, 75, or
1000 readings per second (or press the numeric

key indicated below). Press ENTER to select

RATE, or QUIT to return to the previous rate. The
slower rates will provide more resolution and
quieter readings, as indicated below.

NOTE
Reading rates are slightly different than indi-
cated because of the way the unit generates its
time base. See paragraph 3.9.

590 OV ANALYZER .
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(el [e]
Full Scale Conductance/Resistance: Digital
Key# Rate Resolution Readings Filtering
100kHz 1Mz 0  1000/sec 3%* Conly No
G R G R 1 100/sec 3%* C, G 'V No
2 10/sec 4% C, GV Yes
2uS 2MQ 3 1/sec 4% C, G, V. Yes
2045 200k 20015 200k *Data displayed only after sweep is finished and
20015 20k 2mS 20k calculated.
2mS 2k 20mS 2k0
20mS 2002 ZERO—ZERO provides means for supression of

a constant value from the readings, or it can be
used to cancel internal offsets to maximize ac-
ccuracy. Enabling ZERO stores the next reading
as the baseline value, which is then subtracted
from subsequent readings and stored in the buf-
fer header. Note that enabling zero reduces the
dynamic range of the measurement, and that the
zero value is carried from one range to another.

CAL—Pressing CAL performs an automatic one
point calibration of the selected module on the
current range using an internal 20p¥ or 200pF
(depending on range) capacitance source, and is
intended to compensate for short-term thermal
drift. CAL shmﬂg%e used for each range at both
frequencies for optimum accuracy.

NOTE
Do not press and hold CAL during the
power-u cycle, as the instrument will go
into its diagnostic program.

Figure 2-1A. Model 590 Front Panel (Cont.}

2-4




GETTING STARTED

KEITHLEY| 530 GV ANALYZER

= US9957PF (999552000 0V S =
=5 SgrcSe Sul HF S B|O TR 2 2 ]
| e o|lelsle 2 2 9| 9 L
g E: eTu i PARAETIR s E [“;J g g @ E
= | S G128 9o 9o B3 E
w LN -\ \. \ y I oo | )
[10]
E —
TRIGGER GROUP

MANUAL—Pressing MANUAL will initiate a
one-shot or sweep sequence depending on the
selected trigger mode. This key is operational
regardless of the selected trigger source. Press-
ing MANUAL while a reading or sweep is in
progress will result in a trigger overrun error
message.

MODE/SOURCE—Press MODE then A/V ,
MODE, or numeric key (see list below) to select
a trigger mode: one-shot or sweep, then press
ENTER. In one-shot, the instrument will process
one reading per trigger, while in sweep the unit
will process a complete reading sweep (one com-
plete reading sequence at all programmed bias
steps, with up to 450 readings stored in buffer

A). Both modes are available with all trigger

SOUECES.

Press SOURCE (SHIFT MODE) then MODE or
A [V 10 scroll through available trigger sources
(or press the appropriate numeric key in the list
below). Press ENTER to program displayed
source: front panel (MANUAL button), external
(a negative-going TTL-compatible pulse applied
to the rear panel trigger input jack), as well as
GET, X and talk commands sent over the
IEEE-488 bus.

Front panel trigger messages include:

Numeric
Key # Message Description
0 TRIGGER MODE One reading
1-SHOT per trigger
1 TRIGGER MODE  ~ Orié sweep
SWEEP . per trigger
0 TRIGGER SOURCE . Front Panel
FP MANUAL
button*
1 TRIGGER SOURCE  External trig-
EXT ~_ _gerpulse
2 TRIGGER SOQURCE  IEEE talk
TALK command
3 TRIGGER SQURCE . IEEE GET
GET command
4 TRIGGER SOURCE IEEE X
X ' ’ © command

*Always e;labied regardlessr of selected source.

Figure 2-1B. Model 590 Front Panel
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ENTER.

Available waveforms include:

WAVEFORM—WAVEFORM selects the type of
bias waveform to be programmed, or the exter-
nal bias source, as indicated below. Use
WAVEFORM, A/¥ , or appropriate numeric
key to select the waveform type, then press

550 CV ANALYZER . o
! | ': e g
9999PF 19599¢ 20a00;
4 CONTROL N Trcoer [ mas p;o-n:n‘ - o DATA R . T "
& CIE:T;"DB Onfl & F‘“Jn ﬁ) ‘E’ PE R L ®
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L L ) L ) L L ] Ca=Cy 1§ VA= dgagemr. Cwt J m ,b_J
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BIAS GROUP Numeric Display
Key Message Description
@ ON—The ON key turns the internal or external
bias voltage, which is applied through the OUT- 0 DC Constant DC level in the
PUT jack, on or off. The status (on or off) is - range of +20V.
shown on the associated indicator. When the 1 STAIR Single staircase (step either
bias is off, the voltage is disconnected with in- _ up or down).
ternal relay contacts and provides a high im- -2 DSTAIR Dual staircase (step up
pedance connection to test common. WARN- then down or down then
ING: maximum external bias input is 200V, The up).
external bias voltage will appear at the front 3 PULSE Pulse train (constant level
panel OUTPUT jack when the bias is turned on. or step up or down).
- 4 EXT Voltage from external

source (BIAS INPUT jack}.

PARAMETER—Parameters for each bias wave-
form are independently programmable. How-
ever, if a particular parameter does not.apply to
the waveform, no prompt will be made for that
particular parameter. Use PARAMETER or A/V
_to select parameter to be programmed, then key

in the value using the numeric keys. Press
ENTER when finished programming all para-
meters.

Figure 2-1B. Model 590 Front Pan

el (Cont.)
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Programmed
Message Limits Resolution
START TIME Tms to 65sec Imsec -~
STOP TIME Ims to 65sec  Imsec
STEP TIME ™~ Ims to 65sec 1msec
FIRST BIAS V =20V to 20V 5mV
LAST BIAS V -2V to 20V BmV
STEP BIAS V =20V to 20V 5mV
DEFAUIT ~20V {0 20V 5mV
BIAS V COUNT* 1 to 450 (1,350

at 1000/sec

rate)

*Selects number of readings stored for external
and DC bias waveform.
**Voltages can be programmed to 1mV, but are
set in SmV steps.

NOTES:

1. Multiply programmed times by 1.024 for ac-
tual time intervals.

2. Minimum stop time with pulse waveform is
50msec (10/sec rate).

PLOTTER GROUP
PLOT—Pressing PLOT plots the data located in

the selected buffer (A or B} on an intelligent plot-
ter over the IEEE-488 bus using the current
SETUP parameters.

NOTE

Disconnect the controller from the IEEE-488 bus

of the Model 590 before using PLOT or GRID.

GRID—Pressing GRID draws labels, axes, and
other parameters as appropriate for the selected
buffer and the SETUP parameters.

SETUP/ABORT—Pressing SETUP enters the _

plotter setup menu which allows selection of the
parameters below. Use A or ¥ fo scroll through
menu selections then press the appropriate num-
ber (below) when desired selection is displayed,
then ENTER.

Press ABORT (SHIFT SETUP) to halt plotting or
grid geneération.

Parameters include:

Para- Grid
meter Line Type  Type Label Type
0 Dot at points Full grid Full labels
1 Spaced dots Axis only Labels axis
and divisions
2 Dashes — Labels axis
only
3 Long dash — No labels
4 Dash dot — —
5 Long dash  — -
short dash
6 Long dash — -
short dash,
long dash
7 Solid line - —_
Para- Pen
meter Plot Type Type Buffer
0 CvsV Nopen A
1 G vs V* #1 B
2 UCvs V #2 —
3 CiCovsV - -
4 C vs t** — —
5 CaCevs V - -
*R vs V. with series model.
**Plots buffer index.
Para-
meter X Axis Y Axis
i Auto scaling Auto scaling
1**  User-defined User-defined
scaling scaling

*X axis scaled to minimurn and maximum values

Y axis scaled according to range of function.

**Use numeric keys to enter scaling factors, then
press ENTER. - o

Figure 2-1B. Model 590 Front Panel (Cont.)
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Increment (A)—Increment is used to scroll
through menu selections for other front panel
operating modes such as TRIGGER MODE,
PLOTTER SETUP, and BIAS WAVEFORM. In-
crement is also used to scroll through buffer loca-
tions when displaying buffer data. '

Decrement (¥)—Like the increment key, decre-
ment is used to scroll through parameter menus
and buffer locations, but in the opposite
direction.

ENTER—ENTER is used as the last step in the
menu and parameter selection process to actually
perform the operation being programmed

BUFFER—nPressmg BUFFER allows you to view
the contents of buffer A or buffer B on the front
panel displays. Once in this mode, select the
desired buffer (A or B) and use A or ¥ tose—
quentially access various buffer locations. The
capacitance (C), conductance (G), and measured
bias voltage (V) for each buffer location will then

appear on the display as you access them. The

BUFEER LED will be on while the unit is display-
ing buffer data. Pressing BUFFER while access-
ing the buffer displays the last valid buffer loca-
tion. Pressing ENTER displays the first valid buf-
fer location (location #1). Press QUIT to exit the
buffer.

RB]

Al S Se Sl O @ %
Hl o) O S @ -
= 2 F| emoos £
= |0 LDE £
— -
19] |28]
120 29
]
DATA GROUP A — B (SHIFT BUFFER)—A — B places the en-

tire contents of buffer A into buffer B, including
capacitance, conductance, and bias voltage
values. Buffer A is the buffer into which A/D
readings are stored, and buffer B is the plotter
buffer. Buffer A will be cleared after the data is
transferred.

SHIFT/QUIT—SHIFT adds a secondary function
to certain other front panel keys, including
SETUP and RANGE (SHIFT RANGE enables or

" disables the X10 attenuator. The shifted modes

are marked below the keys in questions. While
shift is enabled, the indicator to the right of that
key will be on. To cancel shift, either select the
mode in question, or press SHIFT a second time.

I you press a key which has no second function

after enabling shift, the primary function of that
key will be performed. For example, SHIFT
MODEL is the same as MODEL.

Press QUIT to return to normal operation while
selecting menu options, programming para-

‘meters, or viewing buffer data.

Figure 2-1C. Model 590 Front Panel
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to 134 NUMERIC DATA KEYS (09, +,—) —

These keys are used to enter numeric data when
programming such items as bias parameters. If
you wish to restore the previously programmed
values, press the QUIT (SHIFT ENTER) key in-
stead. Pressing the — key allows you to move the
display cursor to the right while programming
parameters.

NOTE
Do not press — during power up, or in-
strument calibration may be altered if the
CAL switch is in the unlocked position.

CABLE CAL*—Pressing this key performs open-

circuit cable correction. Note that the opposite
ends of the connecting cables must be left open

during the correction process. Once the correc-
tion is complete, you will be given an oppor-
tunity to store the correction scheme for the par-

ticular cable (1-7) you are using at the update op--

tion. Tivo other forms of cable correction are
available only over the IEEE-488 bus, as dis-
cussed in Section 4.

NOTE
Using cable correction can reduce the

dynamic range of the capacitance and
conductance readings.

CABLE #*—Use this key to select which of eight -

previously stored cable correction set ups you
wish to use (0-7). Once selected, the unit will
automatically use the previously stored cable cor-
rection parameters when making measurements.

Note that correction set up #0 turns off cable cor- -

recton and installs default values,

SELF TEST*—Use this key to perform a self test.

on many internal components, including the
display. If no problems are found, the instru-
ment will return to normal operation; however,
if an error occurs, an INVALID message will be

displayed.

*SHIFT must be pressed first to access these modes.

[27

SAVE*—SAVE allows you to save up to seven
complete instrument configurations in NVRAM.
To use this feature, simply select the operating
configuration and then press the SAVE button.
Key in the position (1-7) that you wish to save.
Note that state 1 is the configuration the unit will
assume upon Power up.

RECALL*—Use RECALL to assume machine
operating configurations that were stored with
the SAVE key, or the factory configuration.
Upon entering this mode, you will be prompted
for a configuration number. Key in the value
(0-7) and press ENTER. Note that state 0is a fac-
tory default configuration permanently stored in
ROM and cannot be altered. State 1 is the con-

~ figuration the instrument assumes upon power

up. RECALL can also be used to restore normal
buffer display after using a math function.

IEEE*—Press IEEE to verify or program the
IEEE-488 primary address. Use the number keys
to select a primary address value (0-30). Press
ENTER to program the new address. The pro-
grammed address will go into effect
immediately.

MATHEMATICAL FUNCTIONS

The following calculations are performed on data
presentily stored in the data buffers and are not
stored in memory. In order to use these func-
tions, you must select buffer display with the
BUFFER key. If reading normal instrument data,
pressing one of these keys will have no effect.

1/C*—Pressing 1/C* inverts the capacitance value
in each data'word of the selected buffer and then
squares it; the value for each point will be
displayed as you access that word location.

Figure 2-1C. Model 590 Front Panel (Cont.)
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C/Co—This feature allows you to display nor-
malized capacitance data. Each capacitance value
in the selected buffer will then be divided by Cg
and then displayed. The maximum capacitance
presently stored in the buffer is automatically us-
ed for Co-

C....—Pressing C,.. displays the maximum
capacitance value stored in the selected buffer.

C.-Cx—This key allows you to subtract each
capacitance value in buffer B from the cor-
responding values in buffer A.

[V4 -V;5] C=CONST.—This function rotates the
C-V plot axis by 90° and gives a display of the
change in voltage (AV) as a function of constant
capacitance.

C vs t—This mode uses the bias waveform
parameters in effect when the readings were
taken to display capacitance versus time. While

‘in C vs t, you can use AV to scroll through

various buffer locations. The buffer location
number will be shown in the bias voltage display.
You can calculate the time at a specific location
as follows:

t = taen + (Eeee + R} (B)

_ Where: t; = time at a specific buffer location’

toare = programmed start time
t,,,, = progammed step time

= reading rate (readings per second)*
B = buffer location number

*Use actual rate, not the nominal displayed value.

Also multiply times by 1.024.

Programmed times 'must be multiplied by 1.024
to obtain actual times.

Figure 2-1C. Model 590 Front Panel (Cont.)
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CAPACITANCE DISPLAY—The normal capaci-
tance display is a 4%-digit 21,999, —19,999 count
value. The decimal point along with the
associated engineering units indicate the range.

The displayed engineering units are pF and nF.

The display will show dashes when no valid
reading s available (for example, if the A/D con-
figuration is changed, or of no valid buffer data
is stored when accessing the buffer). Note that
Au:n'ln!r rocolitbHon is 31/-: dicitg at the 75 and 1000

readmg per second rates.

CONDUCTANCE DISPLAY—The nominal con-
ductance display is a 4%:-digit (3% digits at the

75 and 1000 rpnrlm_g ver second rates), 21,999,

Shaine AU ATaNall SRl Aoy £ 7

—19,999 count value, with engineering units also
displayed in uS or mS for conductance (parallel
model) or k{2 or M@ for resistance (series model}.

Again, the decimal point indicates the selected

range in conjunction with the displayed

idie U SAtanpRmn i latla AT Rlep

engmeermg units. Like the capacitance d1sp1ay,
dashes will appear if no valid reading is
available.

TEEE-488 STATUS INDICATORS—The TALK,
LISTEN, and REMOTE LEDs indicate when the
Model 590 has been placed in these modes when

the unit is being programmed over the IEEE-488
bus. The TALK and LISTEN indictors show when
the unit has been addressed to talk or listen,
respectively. These talk and listen commands are
derived from the unit's primary address.

REMOTE will turn on to indicate when the in-

strument is P1acpd in remote bv addressmg the

. unit to listen with the REN line true. Note that

all front panel controls except LOCAL and
POWER will be inoperative when REMOTE is on.
Local operation can be restored by pressing

"LOCAL unless the IEEE-488 LLO (Local Lockout)

command is in effect.

BIAS VOLTAGE DISPLAY—The 4%:-digit bias
voltage display indicates the programmed or ac-
tual measured value of the internal +20V bias
source or the applied external bias voltage. While
programaming bias parameters, the display will
show the programmed value. When the unit is
displaying readings or stored buffer values, the
display will show the bias voltage as measured
by an internal A/D converter. This display will
also show buffer location in C vs t. Note that
display resolution is 3% digits at the 75 and 1000 .
reading per second rates.

Figure 2-1D. Model 590 Front Panel
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BUFFER AND MEASURE—BUFFER will be on
while the instrument is displaying buffer data.
MEASURE will turn on during a reading (one-
shot mode) or sweep (sweep mode) to indicate
a reading or sweep is in progress.

,INPUT—INPUT is a BNC connector intended for

applying the measured test signal to the unit. The
center conductor of the jack is input high and the
shell of the jack, which is connected to analog
common, is input low (see below). The shell can
be floated up to 30V RMS above chassis ground,
assuming the grounding swiich on the rear panel
is in the floating position.

OUTPUT—OUTPUT provides a composite of the

100kHz or IMHz (depending on selected frequen-
- ¢y), 15mV RMS test voltage and the DC bias
voltage, either internal or external (WARNING:
up to 200V DC may be present between output
high and output low when an external bias
source is connected and selected). The center

" conductor is high, and the outer shell of the BNC

jack is low, and is connected to analog common
(see above). Maximum common-mode voltage for

_ QUTPUT is 30V RMS when the rear panel groun-

ding switch is in the floating position.
~ HIGH

LOwW
ANALO MON
BNC ! G COMMON}

CONNECTOR

Figure 2-1D. Model 590 Front Panel (Cont.)
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~ 2.3 REAR PANEL FAMILIARIZATION

The rear panel of the Model 590 is shown in Fgure 2.2,

which also gives a brief description of each item. Table 2-2

lists paragraphs in this manual where more detailed in-

Table 2-2. Model 590 Rear Panel Cross Reference

formation on each subject may be found.

Item Description Paragraph
42 VOLTAGE BIAS INPUT Apply 200V maximum DC bias voltage. 3.14
43 VOLTAGE BIAS MONITOR Monitor internal or external bias voltage. 3.14
44 Grounding Switch Select floating or grounded operation of analog common.| 3.3
45 CONDUCTANCE Scaled 0-2V conductance value. 3.22
46 CAPACITANCE Scaled 0-2V capacitance value. 3.22
47 IEEE-488 INTERFACE Interface unit to IEEE-488 bus. 4.3
48 EXTERNAL TRIGGER INPUT Input TTL pulses to trigger readings. 3.12
49 EXTERNAL TRIGGER QUTPUT | Output TTL pulses to trigger other instruments. 3.12.
50 LINE VOLTAGE Selection Switcl] Select operating voltage range. 24
51 LINE FUSE Protect AC line input. 7.2
52 Line Receptacie Connection for AC input. 2.4
53 Fan Filter Filter cooling air. 7.8
54 Exhaust Vents Exhaust cooling air. 21

2-13
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VOLTAGE BIAS INPUT—This BNC connector
is intended to apply external bias voltage up to
+200V DC, 50mA madmum. Note that the in-
put is internally fused to protect the instrument
from over current conditions. The voltage applied

to BIAS INPUT will be applied to the circuit under

test through the OUTPUT jack only when exter-
nal biasing is selected with the WAVEFORM key
and when the bias voltage is turned on (BIAS
ON). e

VOLTAGE BIAS OUTPUT—This BNC output
jack provides a means to monitor the selected
bias voltage (external or internal) applied to the
circuit under test. The output resistance is 1kg;
thus, the input resistance of the monitoring in-
strument should be greater than 100kQ to
minimize the effects of loading.

~ HIGH

LOW
{ANALOG COMMON]

VOLTAGE BIAS AND ANALOG OUTPUT
" BNC JACKS

GROUNDING SWITCH—The position of this
switch controls floating or grounded operation of
the following jacks: OUTPUT, INPUT,
VOLTAGE BIAS INPUT, VOLTAGE BIAS OUT-
PUT, and the two ANALOG OUTPUT jacks.
When the switch is in the floating position, the
outer rings of these jacks can be floated up to 30V
RMS above ground. When the switch is in the
grounded position, the rings are connected to
chassis ground.

—————

M

FLOATING

e ————

(T

GROUNDED

CONDUCTANCE ANALOG OUTPUT-This
output jack provides a scaled voltage proportional
to the conductance reading. The range of the out-
put is 0-2V, full scale. For example, the nominal
output value will be 1V with a 10xS reading on
the 20pF/20pS range. Output impedance is Tk{.

CAPACITANCE ANALOG OUTPUT-This
BNC jack provides a scaled output voltage that
is proportional to the capacitance reading. The
output range of the CAPACITANCE output is
0-2V full scale. For example, the nominal output
voltage with a 140pF reading on the 200pE/200x5
range will be 1.4V, Output impedance is Tk{.

Figure 2-2. Model 590 Rear Panel
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_STAYS HIGH DURING
READING OR SWEEP §

_ IEEE-488 INTERFACE—This connector pro-
vides a means {o interface the Model 590 to the
IEEE-488 bus. When connected to a controller,’

instrument operating modes can be pro-
grammed over the bus. CV plots can also be gen-
erated via the bus when the instrument is used in
conjunction with an HP7470A or similar digital
plotter. IEEE-488 interface function codes are
marked adjacent to the connector.

EXTERNAL TRIGGER INPUT—EXTERNAL

TRIGGER INPUT is 2 BNC jack to be used for ap-
plying a trigger pulse to initiate a one-shot or
sweep reading, depending on the trigger mode
programmed with the TRIGGER MODE key.
Note that external trigger must be enabled, also
with the MODE key. Inputs to this jack must be
TTL-compatible, negative-going pulses with a
duration greater than Iusec. The center conduc-
tor is high and the outer ring, which is connected
to IEEE common is low, as shown below.

TRIGGERS ON
LEADING EDGE

]

TTL HIGH (2-5V)

TTL LOW (=0.8V)

ot > | fSEC e

_ This BNC jack provides a TTL-compatible,

negative-going pulse when the instrument com-
pletes a one-shot reading or reading sweep,
depending on the selected trigger mode. The
center conductor is high, and the outer ring is low
(see above).

— READING DONE (ONE SHOT)
SWEEP DONE [SWEEF}

TTL HIGH NEXT READING
{3.4V TYPICAL) OR SWEEP
TTL LOW
{0.25V TYPICAL} STAYS LOW UNTIL
NEXT READING

OR RE-TRIGGERED

[54

HIGH

LOW '
(IEEE-488 COMMON)
_TRIGGER BNC JACKS

LINE VOLTAGE SELECTION SWITCH—The
position of this switch determines the operating
voltage range of the instrument: 105-125V or
210-250V (a special transformer is available for
90-110V and 180-220V ranges). The factory
voltage range is marked below the switch. CAU-
TION: Do not operate the instrument on a line
voltage outside the indicated range, or instru-
ment damage may occur.

LINE VOLTAGE

S0-110V OR 105-125V

LINE VOUTAGE

LT

180-220V OR 210-250V

LINE FUSE—The line fuse protects the AC power
line input of the instrument. When replacing the
fuse, use only the type and rating specified on
the rear panel of the unit. CAUTION: Replacing

" the fuse with one that has a larger rating than

specified may cause instrument damage.

ACINPUT RECEPTACLE—This receptacle is the
AC power line input for the unit. Use only the

_ supplied power cord or the equivalent with a pro-

petly grounded AC outlet to ensure continued
protection against shock hazards.

FAN FILTER—The fan filter keeps dirt from be-
ing drawn into the instrument by the internal
cooling fan. The filter opening should be kept free
of obstructions to ensure proper instrument cool-
ing. Clean the filter periodically to asstre proper

- air flow (See Section 7).

EXHAUST VENTS-The exhaust vents direct air
from the inside of the instrument under pressure
generated by the internal cooling fan. They too
must be kept free of obstructions to ensure pro-
per cooling.

Figure 2-2, Model 590 Rear Panel (Cont.)

2-15



GETTING STARTED

2.4 POWER UP PROCEDURE

The steps in the following paragraphs will take you
through the basic procedures for selecting the line voltage,
connecting the instrument to line power, and turning on
the instrument.

2.4.1 Line Voltage Selection

The Model 590 can be operated on line voltages in the
range of 105-125V or 210-250V, 50 or 60Hz (a special power
transformer can be installed for 90-110V and 180-220V
ranges). Before connecting the unit to line power, make
sure the line voltage selection switch is in the correct posi-

tion for the power line voltage in your area. See Figure 2-2

for the location of this switch.

CAUTION
Operating the instrument on a line voltage out-
side the indicated range may cause damage,
possibly voiding the warranty.

2.4.2 Line Power Connections

Using the supplied power cord, connect the instrument -
to an appropriate 50 or 60Hz AC power source. The female

end of the cord connects to the AC receptacle on the rear

panel of the instrument. The other end of the power cord
should be connected to a grounded AC outlet.

WARNING
The Model 590 must be connected to a ground-
ed outlet in order to maintain continued protec-
tion against possible shock hazards. Failure to
use a grounded outlet may result in personal in-
jury or death due to electric shock.

2.4.3 Power Switch

To turn on the power, simply push in the front panel
POWER switch. Power is on when the switch is at the in-

ner position. To turn power off, press POWER a second

time,

NOTE

Do not press and hold the CAL button during the
power up cycle, as doing so will cause the instru-
ment to enter the diagnostic program. Refer to Sec-
tion 7 for more information. Also, do not press and
hold the — key during power up as instrument
calibration may be compromised if the CAL switch
is in the uniocked position.

2.4.4 Power Up Seif Test and Display
Messages

During the power up cycle, the instrument will perform
the following:

1. A RAM and ROM checksum test. If an error is found
as the result of one of these tests the instrument will
display either all 0s for a ROM failure, or all As for a
RAM failure. Either type of error is considered fatal, and
the instrument will lock up. Refer to Section 7 for
troubleshooting procedures.

: : NOTE

I the instrument is still under warranty (less than
- one year from the date of shipment), and a pro-

blem develops, it should be returned to Keithley

Instruments, Inc. for repair. See paragraph 1.9 for

information on returning the unit.

2. Assuming the unit successfully passes the self test, it
will then briefly display the model number and software
revision level, as in this example:

590 REV D14

In this instance, the software revision level is D1, but
your particular instrument may be different. In any case,
the software revision level should be recorded in case
it becomes necessary to replace one of the ROMs in the
future.

3. Next, the programmed primary address will be
displayed as in the example below:

IEEE ADDRESS 15

In this example, the factory default primary address of
15 is being displayed. The actual displayed address will,
of course, depend on the programmed value.

4. Following these display messages, the unit will begin
normal operation in accordance with the power up con-
figuration discussed in the following paragraph.

2.4.5 Power Up Configuration

After the self testing and power up display messages are
completed, the Model 590 will assume specific operating
modes. The exact configuration is taken from save/recall

. position 1. Table 2-3 summarizes the factory default con-

figuration for the unit. Note that many of these may be
different if you modify save/recall state 1. See paragraph
3.17 for more details.
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Table 2-3. Power Up Default Conditions

Mode Condition

Range 2nF

Frequency* 100kHz= .
Model Parallel

Filter On

Rate 10 readings/sec
Zero Off

Trigger Mode Sweep

Trigger Source Front Panel (MANUAL)
Bias Source Off
Bias Waveform DC

Start Time Imsec

Stop Time Imsec

Step Time Imsec

First Bias ov

Last Bias ov

Bias Step ov

Default Bias ov

Count (#readings DC or | 450

external)

Plotter Grid Type** 0 (Full Grid)
Plotter Pen Type** 1 (Pen #1)

Plotter Line Type** 7 (Solid Line)
Plotter Label Type** 0 (Full Labels)

Plot Type** 0{(CwvsV)

Buffer to Plot** 0 (Buffer A)

XY scaling™* off

IEEE Primary Address** 15

Cable #** 7 (to front panel)

*590/100k or 590/100k/IM units

NOTE: This configuration can be altered with SAVE 1 ex-

cept **. To restore this configuration, use RECALL 0.

2.4.6 Warm Up Period

The Model 590 can be used immediately when it is first
furned on. Note, however, that the unit must be allowed
to warm up for at least one hour to achieve rated accuracy.
Note, however, that you must use the CAL key to obtain
rated accuracy if the ambient temperature changes by more
than 2°C. B : : :

2.5 BASIC MEASUREMENT TECHNIQUES

The following paragraphs will take you through simple
step-by-step procedures to take one-point measurements,
obtain simple CV plots, and perform fundamental C vs t
measurements. These procedures are intended only to
gerve as a starting point, and they may not serve your
specific needs. Refer to Section 3 for detailed information
on making these type of measurements.

2.5.1 Test Connections

Use the basic test connections shown in Figure 2-3 for the
examples in this section. Paragraph 3.2 covers connecting
methods in more detail.
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Figure 2-3. Typical Test Connections
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Table 2-4. Initial Control Settings for One Point Measurements

Mode Control Setting Comments

Range RANGE As required Use most sensitive range possible
Frequency FREQ 100kHz or IMHz Use cable correction at 1MHz.

Model MODEL Parallel Unit always measures using parallel model.
Reading Rate RATE 1 reading per second| Maximum resolution/minimum noise.
Trigger MODE 1-shot Allows display to freeze single measurement.
Analog Filter FILTER On Minimize noise

Zero Baseline ZERO Off Use only to subtract baseline.

Bias Waveform WAVEFORM | DC ... «..| Static bias level for one-point measurement.
First Bias PARAMETER | 20V to +20V Select desired bias level.

Bias Voltage Status | ON On Enable bias voltage before measuring.

2.5.2 Basic One-Point Measurements

Ordinarily, the Model 590 would be used to take a number
of readings with the resulting data plotted as a group of
points. In some instances however, you may wish to take
a single reading with or without a specific bias voltage and
display the resuit. Table 2-4 summarizes recornmended con-
trol settings for basic single-point measurements. Use the
basic procedure below to display single-point-readings on
the front panel. '

Step 1: Select Test Frequency

If your unit is equipped with both 100kHz and IMHz
modules (see rear panel), you can select the test frequen-
cy by pressing the FREQ button. Measurements made
through cables at IMHz should-use cable correction, as
discussed in paragraph 3.21. Cable correction is not
necessary when the device under test is connected directly
to the front panel test jacks.

Step 2: Select a Range

Use the RANGE button to select a range consistent with
the anticipated measurement, or use autoranging, if
desired. For best accuracy, select the most sensitive range
possible for the expected capacitance and conductance
readings.

Step 3: Select Parallel or Series Model

The test circuit can be modeled either as a parallel conduc-
tance and capacitance, or as a series resistance and
capacitance. You can select the display model with the
MODEL key. Note that the instrument always measures in

parallel form, and the resulting data is internally converted
to serial form when that model is selected. The analog out-
put always reflects parallel model.

Step 4: Select a Reading Rate

Since speed is not generally a requirement for single-point
measurements, you would probably use a reading rate of
one per second for maximum resolution and minimum
noise.

Step 5: Select the Trigger Mode

To display a single reading, place the instrument in the one-
shot trigger mode by pressing the TRIGGER MODE key
repeatedly until the 1-SHOT message is displayed. Pres
ENTER to select the new trigger mode. :

Step 6: Program the DC Bias Source

If you intend to apply a DC bias voltage to your test cir-
cuit, use the WAVEFORM key to select a DC bias waveform,
then program the first bias voltage with the PARAMETER .
and data entry keys. The programmable range of the inter-
nal bias source is +20V. Before measuring, turn on the bias
source with the BIAS ON key, unless you are not using the
bias voltage, in which case you should leave it turned off.

Step 7: Trigger a Reading

Press the TRIGGER MANUAL key to trigger and display
a single set of capacitance, conductance, and bias voltage
readings. The reading set will remain on the display until
you press MANUAL again to trigger a new set of readings.
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Table 2-5. Initial Control Settings for Plotting

Made Cantrol Seiting Comments

Range RANGE As required Use most sensitive range possible.
Frequency FREQ 100kHz or 1MH= Use cable correction at IMHz.
Model MODEL Parallel Unit measures parallel model.
Reading Rate RATE 10 per second Best speed-resolution compromise.
Analog Filter FILTER Off Not necessary unless readings are noisy.
Zero Baseline ZERO Off Use only to subtract baseline.
Trigger MODE Sweep One complete reading sweep.

Bias Waveform WAVEFORM | Single staircase Often used waveform.

Bias Start Time PARAMETER | Imsec *

Bias Stop Time PARAMETER | Imsec *

Bias Step Time PARAMETER | 10msec *

First Bias PARAMETER| -5V *

Last Bias PARAMETER| +5V *

Step Bias PARAMETER;| 0.1V *

Default Bias PARAMETER| OV *

*These values depend on required bias parameters.

2.5.3 Basic Plotting Techniques

Use the basic procedure below to take a set of data points
and graph the results on a plotter. Table 2-5 summarizes
control settings for a basic CV plot. This method is usable
only with a digital plotter. CV plots can also be obtained
by using an X-Y recorder with the analog outputs (see
paragraph 3.22).

Step 1: Connect the Plotter

Connect an HP7470A plotter (or any other similar plotter
using FHIPGL) to the instrument with a suitable [EEE-488
cable.

NOTE
When performing stand-alone plotting, the plot-
ter must be in the addressable mode using a
primary address of 5. Also, disconnect the con-
troller from the bus when plotiing from the front- -
panel.

Step 2: Select Control Functions

Using the appropriate front panel controls, select the range,
test frequency, and model. Select a 10 reading per second
rate with the RATE key.

Step 3: Select the Sweep Trigger Mode

Using the MODE key, select the sweep trigger mode. This
mode will allow you to take one complete set of data points
for later plotting.

Step 4: Select the Bias Waveform

Use the WAVEFORM key to select the required type of bias
waveform. Typically, you will probably use either the
single or dual staircase waveforms.

Step 5: Program Waveform Parameters

For most waveform types, you can program start and stop
hold times; step delay times; and start, stop, and default
voltage levels. Each of these parameters can be programm-
ed through use of the PARAMETER and data entry keys.
Recommended values for the purposes of this demonstra-
tion are listed in Table 2-5. After programming these
parameters, make sure the bias voltage is turned on.

Step 6: Trigger a Reading Sweep

With your circuit connected to the test jacks, press the
MANUAL button to trigger a reading sweep. The instru-
ment will cycle through the programmed bias steps,
measure the capacitance, conductance, and actual bias
voltage values, and store the data in the A/D buffer.
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Step 7: Place the Data in the Plot Buffer

Before data can be plotted, it should be transferred from
the A/D buffer to the plot buffer. To do so, press the A
— B (SHIFT BUFFER) button. Once the transfer is com-
plete, you can trigger a new reading sweep without oves-
writing your old data. Note that this step is not absolutely
necessary (since you can plot directly from buffer A), but
it is a good idea to transfer data to avoid possibly over-
writing it.

Step 8: View the Data

If desired, you can view data points before plotting by
pressing BUFFER. Select buffer B (if transferred in step 7),
then use A and V¥ to scroll through data points. Press
QUIT to cancel buffer access.

Step 9: Set Up Plotter Parameters

Use the SETUP key to select the following plotter
parameters: grid type, pen type, line type, label type, plot
type, buffer, and XY scaling. Table 2-6 lists recommended
settings for simple plots. Use the number kegs to select
the appropriate parameter, then press after all
parameters are programmed. :

Table 2-6. Initial Plotter Set Up

Mode* Parameter** | Description
Grid Type 0 Full Grid
Pen Type 1. Pen #1

Line Type 4 Dash-dot
Label type 0 Full Labels
Plot Type 0 CwvsV
Buffer 1 Buffer B

X Scale 0 Auto scaling
Y Scale 0 Auto scaling

*Use SETUP or A / ¥ to scroll through modes.
**Press number key then ENTER to program value.

Step 10: Plot the Data

To plot your data, press the PLOT key. Data previously
placed in the plot buffer will then be graphed. Figure 2-4
shows an example of a graph made in this manner, To stop
plotting, press the ABORT key.

Step 11: Draw the Grid

Make sure that you have paper and proper pens installed
in the plotter, then press GRID. The instrument will then
command the plotter to draw the grid using previously
selected setup parameters.
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DEFINITIONS:
tsrare=START TIME (PROGRAMMED)
tsrop=STOP TIME {PROGRAMMED)
terer=STEP TIME (PROGRAMMED)

t,=READING INTERVAL =t;rzp-+I/R
(R=READING RATE)

t.‘TART l ] ik- tz—A

TIME COMPUTATION:
1o =tsranr+ (Lzes +I/R) B

WHERE: B=BUFFER LOCATION #
t.=TIME AT BUFFER LOCATION

~
3

A, CAPACITANCE

—_—————— .

o~ —p — — ——1 e e ————— e

BIAS
DEFAULT
|

START
SWEEP
TRIGGER

B. BIAS VOLTAGE

Figure 2-5. C vs t Waveform
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Table 2-7. Basic Settings for C vs t Measurements

Mode Control Setting Comments

Range RANGE As required Do not overrange reading.
Frequency FREQ 100kHz or IMHz_ . | Use cable correction at 1MHz.
Model MODEL Parallel Unit measures parallel model.
Reading Rate RATE 1000/sec Fastest rate.

Analog Filter FILTER Off Filter increases response time.
Zero ZERQO Off Use only to subtract baseline.
Trigger MODE Sweep One complete sweep.
Waveform WAVEFORM | DC Single level for C vs t.

Start Time PARAMETER | lmsec Minimum start time.

Stop Time PARAMETER | Imsec Minimum stop time.

Step Time PARAMETER | 10msec Nominal step time.

Default Bias PARAMETER | OV *

First Bias PARAMETER | +5V *

Count PARAMETER | 100 Select number of readings

*These values depend on required bias levels.
2.5.4 Fundamentai C vs i Measurements

Use the following basic setup procedure for simple C vs
t measurements. The procedure assumes that you have a
test circuit already connected to the instrument. Table 2-7
summarizes typical control settings for these measure-
ments. Figure 2-5 shows a typical C vs t waveform and also
defines certain terms. For complete details on C vs t
measurements, refer to paragraph 3.20.

Step 1: Select Measurement Frequency

If your unit is equipped to measure both at 100kHz and
1MHz, select the desired frequency with the FREQ key.

Step 2: Select a Range

Use the RANGE key to select the desired measurement
range. Be sure to choose a range high enough to handle
the largest reading you expect. Autoranging is not recom-
mended for C vs t measurements, especially at the faster
reading rates.

Step 3: Program the Sweep Trigger Mode

Press the MODE key until the SWEEP trigger mode
message is displayed. Press ENTER to program the sweep
mode. '

Step 4: Select a DC Bias Waveform

Press WAVEFORM repeatedly until you see the DC
waveform display message. Press ENTER to program the
waveform type.

Step 5: Select a Readiﬁg Rate

Use the RATE key to program the desired reading rate:
1,10, 75, or 1000 readings per second. Keep in mind that "

- the interval between measurements is the sum of the

reading interval (reciprocal of the reading rate) and the pro-
grammed step time. For the fastest possible C vs t measure-
ments, select a rate-of 1000 readings per second .

Step 6: Program Bias Waveform Parameters

Using the PARAMETER and data entry keys, program the
default bias, first bias, start; stop, and step times. Typical-
ly, the default bias is set to zero and the first bias is pro-
grammed to the amplitude of the pulse bias step, as shown
m Figure 2-5.

The programmed step time depends on the required time
interval between measuremenits (the total time interval is
the sum of the step time and the reciprocal of the reading
rate). For the fastest possible measurements, program a
minimum step time along with the 1000 reading per se-
cond rate.
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Step 7: Trigger a Reading Sweep

Press MANUAL to trigger a reading sweep. The instru-
ment will then perform the sweep and make measure-
ments at the programmed intervals. As measurements are
taken, readings will be placed in the A/D buffer for later
recall. Note that valid data will not be displayed until the

sweep has been completed at the 100 and 1000 readmg per
second rates.

Step 8: Transfer Buffer Contents

Press the A — B button (SHIFT BUFFER) to place data just
taken into buffer B. Again, this step is not essential, but
it is recommended to avoid possible lost data.

Step 9: Access Buffer Data

Press BUFFER to access data taken during the reading
sweep. Select buffer B then use A or ¥ to scroll through
the various buffer locations. Note that data for each par-
ticular location includes a capacitance, conductance, and
bias voltage value (except for the 1000 reading per second
rate, which includes only capacitance data).

Step 10: Display and Compute C vs t Information

-Press C vs tto display the reading buffer location numbers. -
“The buffer location will replace the bias voltage informa-

tion on the display. Use A /¥ to scroll through buffer loca-
tions and display location information at those points.

Cumulative time at a specific location can be computed as
follows:

' ta=1.024 tun + (1.024 tuep + 1/R) (B)

Where: t; = time at a specific buffer location
_teer = programumed start time
t.., = programmed step time

R =~ artiral vosdine vatka
A% T oAbl J.W\.l.u.hs AL

B = buffer location number _
1.024 = mudtiplier to obtain actual times

the actual (not nominal) rates should be used

paragiapy h 3. 9.

Note that

foaa
isee
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SECTION 3
OPERATION

3.1 INTRODUCTION

This section contains a complete, detailed description of
each front and rear panel aspect of the Model 590. The sec-
tion is arranged as follows:

3.2 Display Messages: Lists display messages that may
be encountered during front panel operation of the
instrument.

3.3 Test Connections: Details operation of the test INPUT
and OUTPUT jacks on the front panel, and gives an ex-
ample of typical test connections.

3.4 Readings and Hardware Control Aspects: Shows
how to interpret both capacitance and conductance read-
ings from the front panel display, and details some
aspects of hardware control.

3.5 Range Selection: Covers manual and auto range selec-
tion, as well as use of the X10 attenuator and optional
Model 5904 Adapter to extend the measurement range
of the unit to 20nF at 100kHz. -

3.6 Frequency Selection: Details methods for 100kEHz and
1MHz= test frequency selection, as well as some precau-
tions necessary when using each frequency.

3.7 Series/ Parallel Model: Describes parailel (G and C)
and series (C and R) model selection, discusses series-
parallel equivalents.

3.8 Filter: Covers enabling and disabling the single-pole
analog filter and gives a typical response curve.

3.9 Reading Rate: Describes selection of the 1, 10, 100, and
1000 reading per second rates from the front panel.

3.10 Zero: Gives the basic procedure for using zero to store

a reading as a baseline value and then suppress. that
value from subsequent readings.

3.11 Drift Correction: Covers use of the front panel CAL

key to perform drift correction using internal capacitance

reference standards.

3.12 Triggering: Details methods of selecting the trigger
source and mode and describes the operation of the rear
panel trigger input and output jacks.

3.13 Data Keys: Describes the operation of the numeric
keypad group for entering such parameters as bias
voltages and times.

3.14 Bias Voltage: Gives the basic procedure for program-
ming bias waveforms, voltages, and times, as well as the
use of the rear panel external bias input and bias monitor
output jacks.

3.15 Buffer Operation: Qutlines methods to access the two
450-word data buffers from the front panel, and how to
transfer the contents of buffer A to buffer B.

3.16 Plotting Data: Details use of an external intelligent
plotter to generate CV and other plots.

3.17 Save and Recall: Discusses procedures necessary to
save and recall instrument configurations in NVRAM.

- 3.18 Self Test: Outlines the self test program that can help

determine if any internal problems are present.

3.19 Mathematical Functions: Describes the many mathe-
matical functions that can be used as an aid in analyzing
data located in one of the buffers.

3.20 C vs t Measurements: Details the procedure and
principles behind making capacitance versus time
measurements.

3.21 Cable Correction: Covers cable correction that should
be used to optimize accuracy when making measure-
ments at IMHz. :

3.22 Analog Outputs: Details operation of the capac:ttance
and conductance analog outputs, and using an analog
plotter.

- 3.23 Measurement Considerations: Discusses some im-

portant considerations to take into account when mak-
ing measurements with the Model 590.

3.2 DISPLAY MESSAGES

During Model 590 operation and programming, you will
encounter a number of messages on the front panel
display. Typical messages will be either of the informa-
tional or error variety, as discussed in the following
paragraphs.
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Table 3-1. Error Messages

Message Description Corrective Action

—. pF,~—. S, —. V| No valid reading available Trigger reading

OVFL C, G, or V overrange Move up range

OVERLOAD Module input overloaded Move up range

CONFLICT Mode selection conflict, or already plotting Do not use modes together

INVALID Parameter invalid, or self test error Program valid parameter

NEED 100kHz 100kHz CV module not installed Do not select 100kHz

module

NEED 1MHz 1IMHz CV module not installed Do not select IMHz module

TRIG-OVERRUN Unit triggered while processing reading or Wait until reading or sweep
sweep. is done.

MULTIPLIER FAIL Self test indicates multiplier failure See troubleshooting in

3.2.1 Error Messages

Error messages are those messages which require some
form of corrective action on your part in order to properly
take a reading or program the instrument. For example,
the OVFL message indicates that the capacitance or con-
ductance value being measured is too high for the selected
measuring range.

Table 3-1 lists Model 590 error messages. Many of these
messages are also covered in pertinent paragraphs of the

manual. Where applicable, the necessary corrective action
is also given in the table.

3.2.2 informational Messages

Informational messages are included as an aid in program-
ming the unit. No corrective action is necessary in this case,
but you may still be required to enter a parameter at the
prompt. Table 3-2 lists Model 590 informational messages.
Again, most of these are covered in other parts of the
manual.
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Table 3-2. Informational Messages

Message Key(s) Description

TRIGGER MODE 1-SHOT | MODE . “1One reading per trigger
TRIGGER MODE SWEEP MODE One sweep per trigger
TRIGGER SOURCE FP SOURCE MANUAL button triggering
TRIGGER SOURCE EXT SOURCE . |External trigger pulse riggering
TRIGGER SOURCE TALK | SOURCE .-{1IEEE talk command triggering
TRIGGER SOURCE GET SOURCE IEEE GET command triggering
TRIGGER. SOURCE X SOURCE IEEE X command friggering
BIAS WAVEFORM DC WAVEFORM DC bias level

BIAS WAVEFORM STAIR | WAVEFORM Single staircase bias waveform
BIAS WAVEFORM DSTAIR | WAVEFORM Dual staircase bias waveform
BIAS WAVEFORM PULSE | WAVEFORM Pulse bias waveform

BIAS WAVEFORM EXT WAVEFORM External bias source

START TIME PARAMETER Initial delay at first bias step .
STOP TIME PARAMETER Final delay after last bias step
STEP TIME PARAMETER Delay time for each bias step
1STBIAS V PARAMETER Initial bias voltage in waveform
LAST BIASV PARAMETER Final bias voltage in waveform
STEP BIAS V PARAMETER Bias step size of each bias increments
DEFAULT BIAS V PARAMETER Bias voltage before and after sweep
GRID TYPE 0-1 0| SETUP.. .. Plotter grid type

PEN TYPE 0-2 1| SETUP Plot pen number

LINE TYPE 0-7 7| SETUP Plotter line type

LABEL TYPE 0-3 3| SETUP Piotter label type

PLOT TYPE 0-6 0| SETUP " [Plot type

BUFFER 0=A 1=B 0| SETUP Buffer to plot

X SCALE N=0Y=1 SETUP X axis scaling

Y SCALE N=0 Y=1 SETUP Y axis scaling

UPDATE N=0 Y=1 CABLE CAL Update parameter?

BUFFER A=0B=1 BUFFER Buffer selection

IEEE ADDRESS IEEE Display IEEE primary address
SETUP NUMBER? SAVE, RECALL Setup position to save or recall
CABLE NUMBER? CABLE # Cabie # to save, recall

BUSY CAL Unit performing calibration
READING RATE 10 RATE Display/program reading rate
SELF TEST SELF TEST Unit running self test
CALCULATING DATA Unit computing at end of sweep.
DISCONNECT FREQ " { Test voltages disconnected from test jacks. i

3.3 TEST CONNECTIONS

The following paragraphs discuss methods for making the
test connections necessary to measure capacitance and con-

ductance with the Model 590. Grounded and floating
operation of the test jacks are also covered. ,

3.3.1 BNC Test Jacks

Both test INPUT and QUTPUT are BNC jacks, as shown

in Figure 3-1. The center conductor is high, and the outer
ring or shell of the jack (connected to analog common) is
low.

WARNING
The INPUT and QUTPUT jacks may be floated
up to 30V RMS above chassis ground when the
rear panel grounding switch is in the floating
position. Exceeding this value may create a
shock hazard.
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HIGH

LOW (ANALOG COMMON)

Figure 3-1. Input and Qutput Jack Configuration

3.3.2 Typical Test Configuration

Use the test INPUT along with the test OUTPUT to make

measurements, as shown in the typical example of Figure

3-2. Figure 3-3 shows the equivalent circuit of the test
- setup.

When making measurements, keep the following points
in mind:

1. Use only RG-58 type of coaxial cable for both OUTPUT

and INPUT. Maximum recommended cable length is
five meters. The Keithley Model 7051 cables can be us-
ed for connections.

. When measuring through cables at IMHz, you should

use cable correction to compensate for cable transmis-
sion line effects. Paragraph 3.21 covers cable correction
programming in detail.

. The maximum common mode voltage for both the test

OUTPUT and INPUT is 30V RMS, 42.4V peak when the
rear paiel grounding switch is in the floating position.

Analog common cannot be floated above ground when
the switch is in the grounded position. ‘

4., Excessive shunt capacitance in the cable or test fixture.

may degrade accuracy of the measurement and increase
noise. Consult the specifications for degradation and:
noise figures.
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TEST CONNECTION PROCEDURE:

1. Connect the RG-58 BNC cable between the test OUT-
PUT and the test input terminal of the test fixture (not
supplied).

2. Connect a second RG-58 BNC cable between test IN-
PUT and the output of the test fixture.

3. Select grounded or floating operation with rear panel
switch. (WARNING: maximum common mode
voltage is 30V RMS).

4. Make sure probe shields are carried through as close
to the wafer as possible. These shields should be con-
_ nected to the BNC connecting cable shields.

5. A faraday shield, surrounding the wafer and chuck,

incorporated into the test fixture, may be necessary
to minimize noise. This shield must be insulated from
the prober chassis and connected to analog common
via the BNC cable shields.

6. The prober chassis should be connected to earth
ground as indicated above.

Figure 3-2. Typical Test Connections
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ANALOG COMMON
MODEL 590
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Figure 3-3. Equivalent Circuit of Test Connections

3.3.3 Grounded and Floating Operation

The outer rings of the TEST INPUT and OUTPUT jacks
are connected to analog common, which can either be con-
nected to chassis ground or floated up to 30V RMS above
ground potential.

WARNING
Do not exceed 30V RMS, 42.4V peak common
mode voltage, or a possible shock hazard may
result.

To select-grounded or floating operation, simply place the
rear panel grounding switch in the appropriate position,
as shown in Figure 3-4. Note that the rear panel BIAS and
analog outputs will also be affected by this switch.

Grounded operation can be used in cases where it'is not
necessary to float analog common or if noise caused by
ground loops is not a problem. If analog common must
be floated above chassis ground potential, or if ground loop
problems occur (as may happen if other, grounded in-
struments are connected to the test fixture), the instrument

should be operated with analog common floating. See
paragraph 3.23.1 for a detailed discussion of ground loops.

0 == (00

A. ANALOG COMMON FLOATING

IO = {00

B. ANALOG COMMON GROUNDED

Figure 3-4. Floating/Grounded Operation of Analog
Commion
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Figure 3-5. Capacitance, Conductance (Resistance), and Bias Voltage Displays

3.4 READINGS AND HARDWARE CONTROL

The following paragraphs discuss capacitance and conduc-
tance readings and some hardware control notes. .

3.4.1 Capacitance and Conductance Displays

Capacitance and conductance readings are shown on the
front panel display, as shown in Figure 3-5. The
‘capacitance reading appears in the left portion of the
display, and the conductance reading appears in the right
portion of the display. Both readings are a 3%-digit or
4%;-digit signed value, depending on the selected reading
rate.

The capacitance and conductance displays will show either
the current reading, or a reading from one of the buffers,
depending on the selected mode. During normal opera-
tion, the current reading will be displayed; however,
capacitance and conductance readings from buffer A or
buffer B will be displayed when you select that option with
the bulffer key.

The capacitance reading includes capacitance engineering
units in pF or nF. 1pF equals 10-* farads, while InF is 10~
farads. Conductance readings are in units of siemens (the
siemen is the internationally recognized unit of conduc-

tance, replacing the previously used mho). The display will
show conductance in S or mS when parallel model is
selected. Note, however, that the unit will display

- resistance in this position when series model is selected,

as discussed in paragraph 3.7.

Note that conductance is simply the reciprocal of resistance
and is calculated as follows:

, 1
G + juC =————
R + JuC’

Where: G is the conductance in siemens
R is the resistance in ohms
C is the parallel capacitance
C’ is the series capacitance.

" NOTES:

1. The display will show dashes in plar_:e of numeric values

if no valid reading is available. To display readings, trig-
ger the unit with an appropriate trigger stimulus, as
determined by the programmed trigger source. '

2. The update rate of the displays in the sweep trigger
mode depends on the relative reading rate selected with
the RATE key. MEASURE indicates the relative reading
rate. Only one reading set per trigger stimulus will be
displayed in the one-shot trigger mode.

3-7
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3. No valid data will be displayed until a sweep is
completed at the 75 and 1000 reading per second rates.

4, When BUFFER is on, the unit is displaying buffer loca-
tion data instead of the current reading.

5. Display resolution is 4% digits (+20,000 counts
nominal) at 1 and 10 readings per second, and 3% digits
(+2,000 counts nominal) at the 75 and 1000 reading
per second rates. .

6. The actual display count limits are +21,999, —-19,999
counts. Note that accuracy above +20,000 counts is
typical.

7. Shunt loading and cable correction reduce the dynamic
range of capacitance and conductance measurements.

3.4.2 Bias Voltage Display

The bias voltage display is located at the right of the front
panel, as shown in Fi
tors, this display will show one of the following:

1. The current bias voltage: During normal operation, the
unit measures the actual bias voltage applied to the cir-
cuit under test through the test QUTPUT jack. If the
internal bias source is selected, the display will show
the actual bias voltage at that particular waveform step.
If externa) bias is selected, the unit will measure and
display that voltage.

2. A buffer bias voltage value: When accessing buffer in-
formation (with the BUFFER key), the display will show
the voltage bias step that was applied to the test circuit
at that particular point in time.

3. Buffer location: When displaying C vs t information,

this display will show a particular buffer location

number. Time information can be computed from the
display as discussed in paragraph 3.21.

NOTES:

1. The voltage display will show dashes when no valid
reading is available.

2. The voltage display resolution is 4% digits (+20,000
counts nominal) at the 1 and 10 reading per second
rates, and 3% digits (+2,000 counts nominal) at the 75
and 1000 per second rates. The display update rate
depends on the reading rate (the relative reading rate
is indicated by MEASURE). Note however, that no
voltage data will be disglayed during a reading sweep
when the 75 or 100
selected.

3. The actual display count limitation is +21,999, —19,999
counts. Accuracy above +20,000 counts is typical.

4. The bias voltage must be turned on in order to read the

bias voltage.

gure 3-5. Depending on several fac-

reading per second rate is

3.4.3 Hardware Control Considerations

Those kéfs which geﬁera]ly affect hardware operaﬁon in-
clude: RANGE, FILTER, ZERO, FREQ, RATE, and CAL.
When using these keys, keep in mind the following points:

1. Changing one of these modes will abort an active sweep.

2. The A/D buffer pointer will be reset and data will be
cleared from the A/D buifer (buffer A).

3.5 RANGE SELECTION

The following paragraphs discuss manual and auto range
selection, as well as the use of the X10 attenuator with op-
tional input transformer fo extend the measurement range

of the 100kHz module to 20nF.
ud " CONTROL N
RANGE CJauTo FILTER ZERO
ied
D) oo )0 (O
FREQ ook RATE CAL
Do )
MOD ,
8%
]~k
N S

- 3.5.1 Available Ranges

The available ranges depend on the measurement frequen-
cy, as summarized in Table 3-3. Note that the 20nF range
is not available when measuring at IMHz. The optional
Model 5904 input transformer must be used in conjunc-
tion with the X10 attenuator to extend the 100kHz measure-
ment range to 20nF. Also, there is no 2pF, 1IMHz range.

Table 3-3 also shows full scale displayed values for each
range. These values show 4%-digit resolution, which is
available only at the 1, 10, and 18 per second reading rates
(the 18/sec rate is available only over the IEEE-488 bus).
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Table 3-3. Range Summary

100kH= 1MHz
Range Full Range Reading*| Range Full Range Reading*
2pF/2uS 1.9999pF/1.9999u5
20pF/20uS 19.999pF/19.99%:5 20pF/200uS | 19.999pF/199.99:5
200pF/200pS | 199.99pF/199.99:5 200pF/2mS | 199.99pF/1.9999mS
2nF/2mS 1.9999nF/1.9999m5 20pF/200pS | 19.999pF/199.99:5
20nF/20mS** 19.999nF/19.999mS — : — : -

*41)-digit value for specified accuracy shown. Unit displays 3% digits with 75
and 1000 per second rates. Maximum display extends to +21,999 counts (+2,199
counts, 3% digits) with typical accuracy above 20,000 (2,000) counts.

**20nF/20mS range requires 5904 adapter and x10 attenuator, and is not available

Table 3-4. Range Error Messages

Message Description Corrective Action

OVFL Capacitance or conductance| Move up range or
reading overrange apply smaller C or G

@)} TOA Madule inmit averload Move 1in rances or ann-

OVERLOAD| Module input overload Move up range or app

ly smaller Cor G

CONFLICT | X10 attenuator cannot be | Do not use conflicting

used at IMHz modes

3.5.2 Invalid Reading Indications

Basically, there are two conditions that may cause an in-

valid reading indication. First, either the capacitance or

conductance’ reading (or possibly both) may exceed the
count capability of the associated display area. In this case,
the display for that parameter will display the following
message: o

OVFL

To correct this condition, select a higher range.

stances, neither the capacitance nor conductance reading
is valid due to the non-linear characteristics of the input
circuits when saturated.

To correct this error, move the instrument up range until
a valid reading is noted by the absence of error messages.

" Table 3-4 summarizes error messages associated with im-

proper range selection.

NOTES:

1. If an overload error occurs, the unit will cease waveform
and buffer activity.

A more serious situation exists in cases where the input—2-An overload condition is not flagged at the analog out= -

amplifier of the CV module is saturating. In this case, the
unit will display the following error message:

OVERLOAD

Module saturation means that the test signal current is too—

high for the test input amplifier. Under these circum-

puts. An on-range reading may occur at the analog out-
~ puts under overload conditions.

3. An overload situation could be caused by an extraneous
signal appearing on the test INPUT jack. This signal
could come from external RFI or EMI sources not
associated with the 100kHz or IMHz test frequencies,
or the DC bias voltage. '

3-9
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3.5.3 Manual Range Selection

To select ran ges manually, mmn]v y press the RANGE but-

ton briefly (< 3 second) fo move the instrument up range.
Each time you press RANGCE, the instrument will move
up one range. Once the hlghest range is reached, the unit

will switch to the lowest range the next time you press
RANGE brieflv.

wFA LLaTaly

Pressing RANGE bneﬂ¥ will also cancel autorange, if that
mode is presenﬂy enabled. In this case, the unit will stay

on the nresenﬂv selected range.

NOTES:

1. Better overall accuracy and resolution can be obtained
by using the lowest range possible for the measured
capacitance and conductance.

2. Since capacitance and conductance ranges are paired
together, it may be necessary to measure the capacitance

or conductance on a less than opHmum ranee in order
or conductance on a less than opumum range in oraer

to keep both readings on scale

3.5.4 Using Autoranging

The Model 590 has a convenient autoranging feature which
simplifies range selection. To enable autoranging, simply
press and hold the RANGE button for more than one-half
second. The instrument will then go into the autorange
mode, as indictated by the AUTO LED. To cancel autorang-
ing, briefly press the RANGE button a second time. The
instrurnent will then stay on the presently selected range.

Keep in mind that autoranging is included for convenience

only and should not be used for critical measurements-

because of possible effects on the readings.
Figure 3-6 shows a flow chart of autoranging operation.

NOTES:

- -

1. Accuracy with other ranges than 20nF with the X10
adapter is not specified. Therefore, the use of autorang-
ing with the Model 5904 X10 adapter is not recom-
mended.

2. When taking data with rapidly changing bias wave-
forms, manual ranging should be used to ensure con-
sistent timing for each point. Measurement time can
vary widely during autoranging.

3. The instrument will not autorange into the X10 mode.

20nF, as describe:

4. Autoranging cannot be used with the 75 and 1,000 per
second reading rates. The unit will generate a CON-
FLICT error under these conditions.

3.5.5 Using the 20nF/20mS Range

j = S S $em fmsata = PN X ey 31

e 1 v1in
LY UsSing wie mucina. ALy attenuator in \.u.u}u..m_uuu. with

the optional Model 5904 20pF/20mS Adapter, the 100kHz
measurement ran ebc‘;{ the Model 590 can be extended to
‘below.

X10 Attenuator

Use the procedure below to enable the X10 attenuator.

1. Connect the Model 5904 20

AR RA Ry P VAW WA W W

jacks (see below).

2. Using the RANGE key, place the instrument on the 2nF
(highest range).

3. Select a measurement frequency of 100kHz with the
FREQ key.

4, Press SHIFT RANGE to enable the attenuator, The X10
LED next to the RANGE key will illuminate to md1cate
that the instrument is in that mode. ' '

5. Take the readings from the display. The instrument will
automatically scale the readings and display the proper
values.

6. To disable the X10 attenuator, press SHIFT RANGE a
second time.

F/20mS
L0771} of 2R )8 £l

NOTES:

1. The X10 attenuator is intended for use W1th the optional
Model 5904 204F/20mS Adapter (see below). Since the
instrument has no way of sensmg if the adapter is con-
nected, incorrect readings will result if you enable the
X10 attenuator without connecting the adapter, or use
the input adapter without the X10 attenuator enabled.

ra

The X10 attenuator mav be used with other ranossg, if
. 1ne All attenuaior may e used with omer ranges, It

desired, but accuracy for those ranges is not specified.
The instrument will automatically scale the reading to
reflect the X10 attenuation factor. In this situation, the

‘available ranges will be 20pF/20pS, 200pF/200.5,
21'\]:”'71-“‘: and nEBE/NmS Tha it canb i-\n ealibratad far

B3 dmdd Ly CAL IR, VA AL ) ARG e A BRI L Wil il e SN

Model 5905 used on the 20pF through 2nF ranges, if
desired. See paragraph 7.3.

3. The X10 attenuator is not available for use at IMHz. The
fo]lowmg message will be chsplayed if you attempt to
enable the attenuator with a 1MHz test frequency
selected, or if you attempt to enable to select a IMHz

test frequency with the X10 attenuator enabled:
CONFLICT
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MOVE UP |
ONE |
RANGE

DISPLAY
ERROR
MESSAGE

€>19,300
COUNTS?

YES . | MOVE DOWN

DISPLAY
CANDG

Figure 3-6. Flow Chart of Autoranging Operation

4. The Model 5904 must be calibrated with a particular 1. Use only RG-58 type coaxial cable to make the test con-

Model 590 to achieve stated front panel accuracy. nections. Maximum recommended cable length is five
meters.
. 2. The maximum common-mode voltage for floating opera-
Input Transformer Connections tion is 30V RMS, 42.4V peak.

3. Excessive shunt capacitance will degrade accuracy and

Figure 3-7 shows typical connections when using the increase noise.

Model 5904 Input Transformer. Keep the following points
in mind when configuring your test setup.
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TEST CONNECTION PROCEDURE:

1. Mount the Model 5904 adapter on the test OUTPUT
and INPUT jacks. Be sure not to install the adapter
upside down.

2. Connect an RG-58 BNC cable between the test out-
put of the adapter and the test input of the test fixture.

3. Connect a second RG-58 BNC cable between the test
fixture output and the test input of the adapter
mounted on the instrument.

4. Select grounded or floating operating with the rear
panel switch. (WARNING: maximum common mode
voltage is 30V RMS.)

5904
ADAPTER
B30 GV ANALYZER o
e v X nMhMnni Jwem
19555 °PF (9995 B30 000VE=
4 CONTROL TRIGGER Y[ BIAS PLOTTER DATA Yl ™
& Ot S S| R 2 Q
= SO T |8 w 2 9 g
3] - “l=l=l8 2@ 2 2
[} 191=918 Q.2 O =
— / A
I ——— fASJpN R |
MODEL 590 // \\-INPUT
- - OUTPUT
RG-58 ——inr
COAXIAL CABLE [ — e — -
| I_-_-_m_-W-AF‘-;.R_-__—_.—-1 I =— RG-58
| /+ ‘ PROBERS 7 [ l COAXIAL CABLE
i L
\= e L N . - I 2/
osmampe ——" | w0 H
CABLE SHIELDS [ [ CHUCK — =] rl-———lFARADAY SHIELD {OPTIONAL)
| e 1]
L o e e —_—
777 PROBER TEST FIXTURE CHASSIS

5. Probe shields, connected to cable shields, should be
carried through as close to the wafer as possible.
6. A faraday shield may be necessary to minimize noise.
This shield must be insulated from the prober chassis
and connected to analog common via the cable
shields.

7. The prober shield should be connected to earth
ground as indicated above.

NOTE
- Enable the X10 attenuator (SHIFT RANGE)
when using the input adapter or else reading
scaling will be off by a factor of 10.

Figure 3-7. Typical Test Connections Using Model 5904 20.F/20mS Adapter
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3.6 FREQUENCY SELECTION

An internal signal source supplies a 100kHz or TMHz,
15mV RMS test voltage. Available frequencies as well as
the frequency selection procedure are covered below.

( CONTROL )

FILTER

[Jauto
Ox10 D O

RANGE ZERQ

(o

RATE CAL

7/

MODEL

COB%

3.6.1 Frequencies Available by Model

There are three available models of the 590. The Models
590/100k and 590/1M supply test voltages at frequencies
of 100kHz and 1IMHz respectively. The Model 590/100k/1IM
will operate at either 100kHz or 1IMHz. Table 3-5 sum-
marizes the available models, installed modules, and test

frequencies. Available test frequencies are marked on the

rear panel.

Table 3-5. Test Voltage Frequency by Model

Model Test Voltage(s)

590/100k 100kHz, +0.1%; 15mV RMS*, +10%

590/1M IMHz, +0.1%; 15mV RMS,* +10%

590/100k/IM| 100kHz, 1MHz, +0.1%; 15mV
RMS*, +10%

*Open circuit value

3.6.2 Test Voltages

The nominal test output voltage for both 100kHz and
1MHz is 15mV RMS, with a tolerance of +10%. The fre-
quency accuracy of both the 100kHz and 1MHz test
voltages is +0.1%.

3.6.3 Selecting a Frequency

If your instrument is equipped for 100kHz and 1MHz
operation, you can select the desired operating frequency
simply by pressing the FREQ button. Doing so will cause
the unit to change to the other frequency, as indicated by
the associated LED. Pressing FREQ again will select the
disconnect-mode, as discussed in paragraph 3.6.5.

Figure 3-8 shows a flowchart outlining frequency selection.

NOTES:

1. Cable correction should be used when measuring
through cables at IMHz. See paragraph 3.21 for more
information.

2. The 2pF range is not available at IMHz.

CHANGE
FREQ

DISCONNECT

Figure 3-8. Frequency Selection Flow Chart
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3.6.4 Frequency Error Messages

Error messages associated with frequency selection are
summarized in Table 3-6. ' '

Table 3-6. Frequency Error Messages

Message Description

NEED 100k | 100kHz module not installed

NEED 1M | IMHz module not installed

CONFLICT ; X10 attenuator enabled when selecting
1MHz, or CAL or CABLE CAL pressed
in disconnect

3.6.5 Disconnecting the Test Voltage

A second feature of the FREQ key allows you to discon-
nect the test and bias voltages from the device under test
without having to remove the connecting cables attached
to the test INPUT and OUTPUT jacks. To disconnect the
voltages simply press FREQ until the DISCONNECT
message is displayed. Internal relays will then disconnect
the test and bias voltages from the front panel test INPUT
and OUTPUT jacks, allowing the center conductors of
these jacks to float. In addition to the DISCONNECT
messages, both the 100kHz and 1IMHz LEDs will turn off
while the unit is in the disconnect mode. To return to nor-
mal operation, simply press FREQ again. -

NOTES:

1. Calibration, pressing, CAL, or CABLE CAL are illegal
when the unit is in disconnect; the instrument will
display a CONFLICT message under these conditions.

2. The first trigger received while in disconnect will be ig-

- 3.7.1 Measurement Model

nored, but the second trigger will cause a trigger over- |
run condition.

No valid data will be stored or be made available over
‘the bus while in the disconnect mode. ' :

3.

3.7 SERIES/PARALLEL MODEL

The following paragraphs cover measurement model, how
to select the model, and discuss series—Paral_lel_ equivalents._

4 CONTROL

\
ZERQ

(o

FILTER

(o

RANGE
Jauto

x10

FREQ
100K

iz

RATE CAL

MODEL

7)),

-

The Model 590 measures the capacitance, C, and the con-
ductance, G, of an equivalent parallel circuit connected be-
tween the test OUTPUT and test INPUT jacks. Figure 3-9
shows an equivalent circuit of the test configuration.

100KHZ
OR
1MHZ
TEST VOLTAGE

BIAS

(2)

— T [y OUTPUT
1
PARALLEL
ADMITTANCE
UNDER TEST
I G Cp

l
l
I
I —?.OVgg +20V
1
I
|

ANALOG COMMON

WW & l INPUT

e e e ih— — — — et —

—_—

Figure 3-9,

Equivalent Circuit of Parallel Capacitance and Conductance
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3.7.2 Model Selection

To alternate between series and parallel models, press the
MODEL key on the front panel. One of the associated
LEDs will indicate whether series or parallel model is in
effect. When the series model is in effect, the unit
mathematically converts parallel measured data to serial
form (data is always stored internally in parallel form).

NOTES:

1. Buffer data is always stored in parallel form. Series con-
version is performed when buffer data is displayed, if
that model is selected.

2. The analog outputs are always in parallel form.

3.7.3 Conductance and Resistance Ranges

With a parallel model, the unit displays conductance. With
a series model, however, the unit displays resistance.
Equivalent full range conductance and resistance ranges
for both frequencies are shown in Table 3-7. .

3.7.4 Series and Parallel Equivalent Circuits

A complex impedance can be represented by a simple
series or parallel equivalent circuit made up of a single
resistive element and a single reactive element, as shown
in Figure 3-10. In the parallel form of (a), the resistive ele-

ment is represented as the conductance, G, while the reac--

tance is represented by the susceptance, B. The two
together mathematically combine to give the admittance,
Y, which is simply the reciprocal of the circuit impedance.

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

-
L o ] - r—
Wy R
G
Y=G+JB Z=R+JX
B = «C, (CAPACITIVE) X = 1 (CAPACITIVE}
OR - T
B = 1 ({INDUCTIVE} oCs OR
wly X = wls (INDUCTIVE)
{A) PARALLEL CIRCUIT (B) SERIES CIRCUIT

Figure 3-10. Series and Parallel Impedances

The net impedances of the equivalent series and parailel
circuits at a given frequency are equal. However, the indi-
vidual components are not. We can demonstrate this rela-
tionship mathematically as follows:

1
+1

To eliminate the imaginary form in the denominator of the
right-hand term, we can multiply both the denominator
and numerator by the conjugate of the denominator as
follows:

R+iX=
G + jB

Table 3-7. Resistance and Conductance Ranges

100kHz 1IMHz
Parallel Range Series Range Paraillel Range Series Range
2pF/2uS 2pF/2MQ
20pF/20uS 20pF/200k 20pF/200uS 20pF/200k
200pF/200:5 200pF/20kQ 200pF/2mS 200pF/20kQ
/2mS 12kQ 20mS 2nF1/2k0
20nF/20mS*> 20nF/2009*

*5904 and X10 attenuator required.
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Performing the multiplication and combining terms, we ™™

have:

G-iB
R+ X = S
G* + B? |

If we assume the reactance is capacitive, we can substitute
—1/wC, for the reactance and «C, for the susceptance (C;
is the equivalent series capacitance, and C, is the equivalent
parallel capacitance). The above equation then becomes:
R-j1 G - juC,

wC, G + ?C2

In a lossless circuit (R and G both 0), C, and C, would be
equal. A practical circuit, however, does have loss because
of the finite values of R or G. Thus, C, and C, are not
equal—the greater the circuit loss, 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 dissipation
factor, D. D is simply the reciprocal of the Q of the circuit.
For a parallel circuit, the dissipation factor is:” =~

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

1

D=— = oCR
Q

By using the dissill)::ation factor along with the formulas
summarized in Table 3-8, 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 C, and
C, are within 0.01% of one another.

Example:

Assume that we make a measurement on a parallel

equivalent circuit and obtain values for C, and G of 160pF
and 30uS respectively. From these values, we can calculate
the dissipation factor, D, as follows:

30 x 107
D

20100 x 10°) (160 x 10°2)
D=03

- The equivalent series capacitance is then calculated as

1. G follows:
D=— = — ,
Q wC, C. = (1 + 0.09) 160pF
C. = 174.4pF
Table 3-8. Converting Series-Parallel Equivalent Circuits
Resistance
Capacitance Conductance
Model Circuit Dissipation Factor | Conversion Conversion
1 G Dz
— . }— Parallel C,, G | D=— =-—— |C=({1+D)C, R =
— Q @C, (1+DHG
1 Cs D?
—W—i+ Series C;, R D=— =oCR |C = G =
Q 1+ D2 {(1+D3R
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3.8 FILTER

Tha analas fAltar can ha 11gad #4 mirirniea $laa g argml AL
All mlﬂ.I.UB ALIVCL LGl LG WO LW RIULARLLAT LIEC CLIIVALLLL W

NOTES:

n01se appearing in the displayed readings, and at the
%ou tputs. The following paragraphs describe con-
trol of the analog filter; a typical filter response curve is

also given.
f CONTROL R
RANGE FILTER ZERO |
lauto zzzzzm e
awe &= (Do
FREQ RATE . CAL_
——y ook 'S
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MODEL
— ) Ote
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3.8.1 Filter Control

To enable or disable the analog filter, simply press the
FILTER key on the front panel. The on/off status of the

filter is indicated by the associated LED.

1. The analog filter increases instrument response time to

changes in input signals for the conductance and
capacitance readings. Thus, inaccurate readings may

result if the filter is used while measuring with rapidly
changing bias waveforms. Table 3-9 summarizes

nominal response times to various percentage of final
values.

2. The effects of the analog filter are reflected at the

[#3)

capacitance and conductance analog outputs on the rear
panel of the instrument.

Tha n-na'{nn- fliar hae na aoffert an ihe unliaca hiae
LI O 1 L) AL LGNS A AL bl LT e sl lbstrds WLE L™~ L) \’\J.Lm&\l LAY

reading.

4. Pressing FILTER will abort a sweep.

T (4 -~ ____ = _ 1 mmeme _ e -

abie 3-9. Typicai Filier Response Times

Percent of Final Reading | Typical Filter Response

10% 10msec
1% 20msec
0.1% 30msec
0.01% 40msec

3.8.2 Typical Filier Response

A typical response curve for the single-pole analog low-

pass filter is shown in Figure 3-ii. Note that the filter
response rolls off at 6dB per octave (20dB per decade) above
the -3dB pomt of approximately 37Hz.
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3.8.3 Using the Filter

Noise in the reading is usually seen as an unsteady display
value that jumps around. In this situation, it is generally
beneficial to leave the filter enabled to stabilize the
readings. However, using the filter with rapidly changing
waveforms can degrade accuracy because of increased
response time, as indicated above.

If additional filtering is required, use a reading rate that
incorporates digital filtering, as discussed in paragraph 3.9.

3.9 READING RATES

From the front panel, you can select reading ratesof 1, 10,

75', or 1000 readings per second. A fifth rate, which is
available only over the TEEE-488 bus, produces 18 readings
per second with 4%-digit display resolution. B

NOTE _
Because of the way the unit generates its time
base, the actual reading rates are slightly dif-
ferent than indicated. Table 3-10 lists actual
intervals along with other pertinent informa-
tHomn.

3.9.1 Selecting a Reading Rate

Display or select the reading rate as follows:

1. Press the RATE key. The instrument will display the
reading rate now in effect. For example, the display

might show:
READING RATE 10

4 CONTROL )
RANGE . FILTER ZERO
2 (o (o
1x10
FREQ RATE CAL
[ 100k

O 1mHz

MODEL

COE%

L )

" In this case, a rate of 10 readings per second is in effect.
2. To return to normal operation without changing the
rate, press QUIT. The instrument will then return to
normal operation with the active sweep (if any)
unaffected.
3. To scroll through available reading rates, press and hold
“-the RATE or A/V¥ key, or press the numeric key
associated with that rate, as summarized in Table 3-10.
4. When the desired rate is shown, press the ENTER key
to program the displayed reading rate. The instrument
will return to normal operation.

NOTES:

1. Re-programining the rate will abort an active sweep..
Any stored data from the previous sweep will be Jost.

2. No valid data will be displayed until the sweep is com-
pleted and calculations are performed at the 75 and 1000
per second rates.

Table 3-10. Reading Rate Summary

Nominal
Numeric| Reading Display  |Integration |Integrations Actual Reading Effective
Key# Rate Readings |Resolution Period Averaged Interval (msec) Rate
0 1000/sec | Conly |3% digits* | 120usec 1 1.024 976.56/sec
1 75/sec | C, G, V | 3% digits* 240psec 1 . 133 75.18/sec
2 10/isec | C, G,V | 4% digits 2.4msec 2 1023 9.77 /sec
3 1/sec C GV 4%, digits 16.7msec 4 1024 0.977 /sec

*Data displayed after sweep is completed.
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3. During the reading calculation period at the end of a
sweep (75 and 1000/sec rates only), the front panel keys
will be inoperative. The amount of time necessary for
these calculations depends on the the number of data
points taken in the sweep. A CALCULATING DATA
message will be displayed. o

4. Autoranging cannot be used at the 75 or 1,000/sec
reading rates. The unit will display a CONFLICT error
if you attempt to program either of these rates with
autoranging enabled. 7

5. A CONFLICT error will occur if you attempt to select
1- 75 /sec rates with more than 450 readings per sweep

programmed.

3.9.2 Display Resolution

The display resolution for the 1 and 10 reading per second

rates is 4% digits. Display resolution at the 75 and 1000

Eer second rate is 3% digits. Note, however, that data will
e displayed only when the sweep is finished at the two
fastest rates.

3.9.3 Digital Filtering

Digital filtering is used at the 1 and 10/sec rates in order
to minimize noise. A basic averaging scheme is used in
both cases, with 4 integrations averaged at the 1/sec rate,
and two integrations averaged at the 10/sec rate. Since the
degree of filtering depends on the amount of averaging,
the best noise performance can be expected at the slowest
rate.

3.8.4 General Rate Selection Considerations

The primary factors affected by the reading rate (other than
the absolute number of readings per second) are the in-
tegration period and the amount of resolution. Since
reading noise is affected both by the integration period and
the amount of digital filtering, the reading will have the
least noise at the 1 per second rate (longest integration
period and most digital filtering), and the most noise at
the 75 and 1000 per second rates (shortest integration
period and no digital filtering).

Optimum rate selection, then, for your particular applica-
tion will depend on required resolution and speed, as well

as the amount of noise tolerable in the readings. For ex- -

ample, if speed is your primary requirement and you re-
quire capacitance, conductance, and bias voltage readings,
you would obviously select the 75 reading per second rate
(the fastest rate to ogtai.n C, G, and V measurements), but

at the expense of resolution. At the other extreme, you
wotld opt for the 1 reading per second rate in situations
requiring maximum resolution and minimum noise.

~ 3.9.5 1000 Reading Per Second Rate

_Considerations

When using the 1000 reading per second rate, the follow-
ing points should be kept in mind.

. 1. Only capacitance data is taken; neither conductance nor

bias voltage data is taken.

2. Data is placed into the buffer in raw form and will be
made available only when the reading sweep has been
completed.

3. The only available bias waveforms are DC and external.
A CONEFLICT error will occur if you attempt to select
other waveforms.

4, MEASURE will be on during integration.

5. Attempting to program control the Model 590 during the
sweep may destroy the timing integrity of the waveform.

6. Up to 1,350 readings can be stored in the buffer at the
1000/sec rate. '

3.9.6 1000 Readings Per Second Instrument
Settings

To obtain a raite of 1000 readings per second, you must se-..
lect the following instrument settings:

¢ Trigger mode: Sweep (paragraph 3.12)

¢ Trigger source: internal (paragraph 3.12) o
* Bias waveform: DC or external (paragraph 3.14.1)
* Step time: 1ms (paragraph 3.14.2)

3.9.7 Typical Reading Rates

Typical reading rates are summarized below.

Internal Trigger Rate | External Trigger Rate.
Rate | 1ms Delay | 2ms Deiay | 1ms Delay | 2ms Delay
10007 1000 333 483 198
75 75 64.6 68 63
18 16.4 16.1 16 16
10 10 9.5 9.6 9.3
1 1 0.97

Note: All rates i_ncl_ude both start and stop ti#nes of lms.
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3.10 USING ZERO

Zero can be used to store a set of capacitance and conduc-
tance readings as baseline values. Once stored, the baseline
values are then subtracted from subsequent readings.

( CONTROL N
RANGE o FLTER ZERO
[x10 D B % d
FREQ [___]100[( RATE CAL )
ome ) I
voDEL o '
Q CJ-wAt
\_ J

Zero is described in the following paragraphs.

3.10.1 Enabling and Disabling Zero

To enable or disable zero, press the ZERC button; the in-
dicator to the right of the ZERO key indicates the state of
Zero. o : R

When zero is first enabled, the first capacitance and con-
ductance readings triggered after zero is enabled will be
stored as the baseline values, which will then be subtracted

from subsequent readings as long as zero is enabled. These

zero values will also be stored in the buffer header to be
used when accessing buffer data.

3.10.2 Storing Capacitance and Conductance
Baseline Values

Use the following basic procedure to store capacitance and
conductance parameters as your baseline.

1. Make sure that zero is disabled (ZERO off).

2. Use the FREQ key select the test frequency.

3. Select the reading rate and range, as required.

4. Connect the capacitance and conductance values to the
instrument via the front-panel INPUT and QUTPUT
jacks. See paragraph 3.3 for detailed information on test-
connections.

5. Press ZERO to enable zero.

6. Trigger the reading or sweep by applying the ap-
propriate trigger stimulus. From the front panel, you
can do so simply by pressing the MANUAL button. The
process of triggering the instrument will store the first -
set of capacitance and conductance readings as baseline
values.

7. Connect the test circuit to be measured to the test jacks.

Tf'necessary, trigger the instrurivent- The stored baseline
values will be subtracted from the actual readings, and
the result will be displayed. '

8. To disable zero, press ZERO a second time. Stored
baseline values will be lost once zero is disabled.

3.10.3 Using Zero to Optimize Instrument
Accuracy

The accuracy specifications given at the front of this manual
assume that the instrument has been properly zeroed us-
ing the fundamental procedure below. In order to optimize
accuracy, it is recommended that you repeat the procedure
below every hour, especially in situations where the am-
bient temperature varies considerably.

1. If your instrument is equipped with both 100kHz and
IMHz modules, select the desired test frequency with
the FREQ key.

2. Select the desired reading rate and measurement range

using the RATE and RANGE keys.

. Check to see that zero is initially disabled (ZERO off).

4. Connect the cables and test fixture to the test INPUT
and QUTPUT jacks, but leave the DUT (device under
test) disconnected at this time.

5. Press ZERQ and trigger a reading or sweep by pressing
MANUAL. The capacitance and conductance displays
should then show a zero reading.

6. Connect the DUT to be measured to the fixture probes
(or other similar test fixture connections).

7. Readings using the zeroed value can now be triggered
and read in the normal manner. For optimum accuracy,
it is recommended that the instrument be re-zeroed us-
ing the above procedure whenever the range, reading
rate, or frequency is changed.

w
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3.10.4 Zero Considerations

Keep the following points in mind when using zero:

1. Zero reduces the dynamic range of the displayed
readings. For example, if a 100pF baseline value is in
effect on the 200pF range, a capacitance of 100pF will
overrange the reading even though a 100pF reading is
well within the limits of the 200pF range.

2. Zero calculations are performed on a parallel or series
model, as appropriate. '

3. Zero affects only displayed data; it does not modify the
way it is measured and stored within the instrument,

4. Zero is not affected by pressing other keys.

5. Changing range or frequency leaves the same zero

YES

YE
value active. BUFFER s TURN
6. If the buffer is enabled (BUFEER KEY), the zero values ZERO OFF
will be obtained from the buffer header. Figure 3-12
shows a flow chart of zero operation both with and
without buffer operation.
7. The accuracy specifications listed at the front of this 76RO FROM | | ZERO_FROM
manual assume that the instrument has been properly LAST RDG BUFFER
zeroed using the procedure in paragraph 3.10.2 above. HEADER
8. Zero stores baseline values for capacitance and conduc- J
-~ tance enly; no bias voltage baseline values are stored. Al -
9. The zero value is scaled and applied to a new range if @
changed. '
3.10.5 Examples of Zero Operation Figure 3-12. Zero Operation Flowchart

Table 3-11 lists some examples to help clarify zero opera-
tion. This table lists stored baseline values, applied signals,
and resulting front panel display values for those combina-
tions.

Table 3-11. Examples of Zero Operation

Stored Baseline | Applied Signal | Displayed Readings

5.00pF/2.64S 19.000pF/4.64S | 14.000pF/2.0045
1.20F/10mS 680pF/15mS —0.520nF/5.000mS
‘110pF/150mS 180pF/100mS | 70.00pF/—50mS
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3.11 DRIFT CORRECTION

The front panel CAL button provides a means to perform
internal drift correcton, as described in the following
paragraphs.

& CONTROL )
RANGE (vt FILTER ZERO
Dixio o (o
100K RATE S
7,
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3.11.1 Correction Procedure

Perform internal drift correction using the procedure
below. A flowchart outlining the basic sequence is shown
in Figure 3-13. ~

1. Select the 1 reading per second rate, or the slowest rate
you intend to use (see note below).

2. If your instrument is equipped with both 100kHz and
1VIHz modules, use FREQ) to select the desired measure-
ment frequency.

3. Select the first range to be calibrated with the RANGE
key.

4. Press the CAL key. The instrument will cycle through
the internal correction sequence, a procedure that could
take up to 10 seconds, depending on the selected rate.
During the calibration process, the following message
will be displayed:

BUSY

w

. Repeat steps 3 and 4 for all ranges you intend to use.

6. Select the other test frequency, if installed, and repeat
steps 3 through 5 above for that frequency.

NOTES:

1. The unit should be corrected using the above procedure
for each range and frequency you intend to use.

2. For optimum measurement accuracy, the correction pro-
cedure outlined above should be repeated at least once
per hour, especially in situations where the ambient
temperature varies widely.

3. During the correction sequence, the unmit takes 10
readings of the internal transfer standards. Thus, at the
1.reading per second rate, up to 10 seconds must be
allowed for each correction. If greater speed is a require-
ment, use the 10 reading per second rate, which will
degrade correction accuracy only slightly.

4. Correction should be performed at a reading rate that
yields 4%»-digit resolution (1 or 10 readings per second}
in order to achieve good accuracy. For maximum ac-
curacy, always correct the unit at a 1 reading per second
rate, unless speed is a requirement as indicated above.

5. It is not necessary to disconnect external circuits from
the test INPUT and OQUTPUT, as the instrument
automatically does so during correction.

6. New correction constants obtained by this method is on-
ly temporary and will be lost when the power is turned
off.

7. Pressing CAL will abort an active measurement sweep.

8. Upon power up, default values of 0 and 1 are installed
for drift correction coefficents, effectively resulting in no

‘correction until CAL is used.

9. The CAL key is inoperative in autoranging or if cable
correction constants are in effect. A CONFLICT error
will occur if you press CAL under these conditions.
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SELECT
RANGE

PRESS
CAL

Figure 3-13. Front Panel CAL Sequence

. 3.11.2 Internal Correction Sequence

Thea oanaral intarmal caananca tha inctmrmant fallowre whan
ok R 5\-11. Bl ALLGW AL LG D\_\.iu\-l.l.w CRLW AALOGL LAl LG LIEL Ay

performing drift correction is outline below. Figure 3-14
shows an oufline of the sequence.

1. The instrument recalls correction constants for the
selected range and frequency from NVRAM. These con-
stants are derived during full instrument calibration, as

dierricend in naraoranh 7 3
cascussed 1 paragrapn J.o.

2. The unit disconnects the test INPUT and QUTPUT jacks
from internal circuitry. An open circuit measurement
is then made to be used as a zero offset value.

3. The instrument then measures an internal 20pF or
200pF capacitor {depending on the selected range). Ten
measurements per reading are made and then averag-
ed in order to obtain a more accurate value.

4. The correction constant recalled in step 1 is divided by
the results of the measurement in step 3. The resulting
value is then stored in RAM and used by the instru-
ment as a compensating factor when taking normal
readings. This new correction values will then remain
in effect for the selected range and frequency for all
subsequent measurements until the power is turned off,
or until CAL is pressed again.
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(A

RECALL
CAL
CONSTANT

MEASLURE
OFFSET

\IS_

MEASURE
INTERNAL
CAPACITOR

10
READINGS
TAKEN?

CAL
CONSTANT
REFERENCE

L

STORE NEW
CORRECTION
VALUE

Figure 3-14. Internal Drift Correction Sequence

3.12 TRIGGERING THE INSTRUMENT

A trigger stimulus is used to initiate either one reading,
or a group of readings (called a sweep), depending on the
selected trigger mode. Basically, two trigger modes are
available: one-shot and sweep. The trigger stimulus itself
depends on the programmed trigger source: front panel,
external trigger input, or IEEE-488 GET, X, or talk com-
mand triggers.

( triceer )
TRIGGER

MANUAL

)

MODE

L)

SOURCE

The following paragraphs discuss trigger source and mode,
as well as trigger overrun conditions, and external trigger
input and output pulses.

3.12.1 Selecting a Trigger Mode

Available Trigger Modes
There are two basic trigger modes available, including:

1. One-shot: with each trigger, the instrument takes a
single set of capacitance, conductance, and bias voltage
readings, and stores the resulting data at a single word
location in the A/D buffer. Data is also made available
to the display and JEEE-488 bus when ready. A pulse
occurs at the external trigger output after each single
set of readings is completed. When the waveform is
complete (or the programmed number of points are
taken), the next trigger will reset the buffer and begin
storing readings at location one. For IEEE bus opera-
tion, an SRQ can be generated to signal to the controller
that no more triggers should be sent. See Section 4 for
IEEE-488 bus information.

2. Sweep: asingle trigger stimulus causes the instrument
to cycle through the programmed bias waveform se-
quence. A single set of capacitance, conductance, and
bias voltage readings will be taken and stored in the A/D
buffer at each bias step. As each step occurs, the
resulting data will appear on the front panel and will
be made available for transmission over the IEEE-488
bus. The instrument will intitiate a pulse at the exter-
nal trigger output jack at the end of the sweep. The
display will continue to update after the sweep has been
completed.
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More information on the how the trigger modes affect the
buffer is located in paragraph 3.14.

Selection Procedure
Use the procedure below to select the desired trigger mode.

1. Press the MODE button and note the following message
is displayed:

TRIGGER MODE R

2. Now press MODE or A/V repeatedly until the desired
trigger mode message is displayed, or press the
associated numeric key, as summarized in Table 3-12.
For example, for the sweep mode, the front panel
display message is:

TRIGGER MODE SWEEP

Similarly, the instrument will display the foﬂowmg
message for the one-shot mode:

TRIGGER MODE 1 SHOT -

3. Once the desired mode is displayed, press the ENTER
key. The instrument will then return to the previous
display with the new trigger mode in effect.

4.1f you wish to cancel trigger mode selection without
changing the selected mode, press QUIT.

NOTES:

1. To abort an active sweep, press the MODE key. The
presently active sweep will be aborted, and the instru-
ment will display the TRIGGER MODE message. Press
ENTER to return to normal display, and initiate another
trigger to begin another sweep, if desired.

2. Pressing RANGE, FREQ, FILTER, ZERO, CAL, TRIG-
GER MODE, any BIAS key, or re-programming the
reading rate will abort an active sweep without re-
triggering a sweep. In either case, any data stored in the
A/D buffer will be cleared. To avoid loosing data in this
situation, always transfer data to buffer B with the A
— B key before pressing other keys.

3. Triggering a sweep will clear data presently stored in
the A/D buffer (buffer A).

4. Only capacitance data is taken at the 1000 reading per
second rate.

5. Atthe 75 and 1000/sec rates, a CALCULATING DATA
message will be displayed at the end of a sweep before
the unit returns to normal operation.

13.1 2.2 Programming the Trigger Source

Available Trigger Sources

The frogfammed trigger sou.tce- pfdvi’des the stimulus- to
initiate a one-shot or sweep depending on the selected trig-
"ger mode. Trigger sources include:

1. Front panel MANUAL button. Note that this button is
always operational regardiess of the selected source
(unless the unit is placed in remote over the IEEE-488
bus).

2. External trigger pulse. An appropriate pulse, applied to
the external trigger input jack on the rear panel, pro-
vides the trigger stimulus.

3. IEEE command triggers. IEEE-488 GET, X, or talk com-
mands provide the stimulus when the appropriate
source is selected.

Note that all trigger sources are available with all trigger
modes, as summarized in Table 3-13.

NOTE
In order to ensure rapzd response o a new trigger
after a sweep, press MODE ENTER to turn off the
AfD converter.

Table 3-12. Trigger Modes

Numeric

Key # |Display Message

Description

TRIGGER MODE 1 SHOT
TRIGGER MODE SWEEP

o

One-shot (one reading per trigger)
Single-sweep (one sweep per trigger)
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Table 3-13. Trigger Mode and Source
Combinations

Front | External | TEEE | IEEE |IEEE
Source/Mode | Panel | Trigger | Talk | GET | X
One-shot X X X X X
Sweep X X X X X

Selection Procedure
Select the desired trigger source as follows:

1. Press SOURCE (SHIFT MODE) and note that the follow-
ing message is displayed: . :

TRIGGER SOURCE

2.Press the MODE or A/V key repeatedly unti the
desired trigger source is displayed (or press the
associated numeric key, as indicated in Table 3-14). For
example, for external triggering, the display will show:

TRIGGER SOURCE EXT

3. Once the desired trigger source is displayed, press the
ENTER key. The instrument will then return to the
previous display with the new trigger source in effect.
At this point, the selected trigger stimulus must be ap-
plied to initiate the reading or sweep.

4. To return the display to normal without changing the
previously selected source, press the QUIT button
instead.

3.12.3 Front Panel Triggering

To trigger the instrument from the front panel, simply
press the MANUAL button. Note that this button is always
operational regardiess of the selected trigger source (unless
the unit is placed in remote over the IEEE-488 bus, in which
case all front panel buttons except LOCAL will be locked
out). Thus, front panel trigger source selection provides
a means to lock out-all other trigger sources when only
front-panel triggering is desired.

The number of readings the instrument takes after

- MANUAL is pressed will depend on the selected trigger

mode. In the one-shot mode, you must press MANUAL
for each reading. Pressing MANUAL with the sweep mode
active performs a complete reading sequence, with a group
of capacitance, conductance, and bias voltage readings

 taken and stored with each bias step. If you press

MANUAL and the instrument is not ready, an error
message will be displayed, as discussed in the following

paragraph.

3.12.4 Trigger Overrun Conditiohs

Once the instrument is triggered, it will begin a reading
or sweep, as discussed above. If another trigger is receiv-
ed while the unit is processing a reading or sweep (depen-
ding on trigger mode), a trigger overrun condition will oc-
cur, in which case the instrument will display the follow-
ing error message: : :

TRIG-OVERRUN

Figure 3-15 shows a flowchart of trigger overrun operation.

Table 3-14. Trigger Source Display Messages

Numeric
Key # | Message Trigger Source

0 TRIGGER SOURCE FP "| MANUAL key only.*

1 TRIGGER SOURCE EXT Pulse applied to EXTERNAL
TRIGGER INPUT.

2 TRIGGER SOURCE TALK IEEE talk command.

3 TRIGGER SOURCE GET IEE GET command.

4 TRIGGER SOURCE X TEEE X command.

*MANUAL key is always operational.
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NOTES:

1. A reading or sweep is not aborted by a trigger overrun
condition. '

2. Only an active trigger source can create a trigger over-
run situation. For example, if you select the external trig-
ger source, either an external trigger pulse or pressing
MANUAL can create a trigger overrun (recall that
MANUAL is always active).

3. The instrument will not generate an overrun error if trig-
gered during the stop time. At the end of the sweep,
a new sweep will be started in this situation.

(D)

READY? LS
NO
START
| A/D
OVERRUN
ERROR

GD

Figure 3-15. Trigger Overrun Operation

3.12.5 External Trigger Input

To use external triggering, first select that source with the
MODE key as described in paragraph 3.12.2. The instru-
ment will then be triggered when an input pulse with the
specifications shown in Figure 3-16 is applied to the EX-
TERNAL TRIGGER INPUT jack. The unit is triggered on
the leading edge of the pulse, as shown on the diagram.

Note that the center conductor of the jack is high, and the
outer ring, which is connected to IEEE common is low, as
shown in Figure 3-16.

As previously described, the effect of the external frigger

pulse depends on the selected trigger mode. In the one-
shot mode, a separate pulse is required for each reading
set:"In the sweep mode, however, one trigger pulse in-
itiates a complete sweep sequence. '

NOTE:
TRIGGER INITIATES
TRIGGERS ON ONE READING (ONE-SHOT)
LEADING EDGE OR ONE SWEEP (SWEEP).
|
TIL HIGH {2-5V)
TTL LOW {<0.8V)
o> 1 LSEC -t

Figure 3-16. External Trigger Input Pulse
Specification

3.12.6 External Trigger Output

The external trigger output provides a negative-going, TIL~
compatible pulse as shown in Figure 3-18. The leading edge
of the trigger pulse indicates end of reading or end of
sweep as the case may be.

_ The occurrence of this pulse occurs depends on the selected

trigger mode as follows:

1. At the end of each reading in the one-shot mode.
2. At the end of the sweep in the sweep mode (1, 10, and
18 /sec reading rates).

3. Inthe 75/sec and 1000/sec rates, the pulse occurs after
all calculations are done in the sweep mode.

The center conductor of the external trigger output is high
and the outer ring, which is connected to IEEE common
is low, as shown in Figure 3-17.
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HIGH

3

LOW (IEEE-488 COMMON)

Figure 3-17. Trigger Input and Output Jack
Configuration

__READING DONE (ONE SHOT)

SWEEP DONE (SWEEP}
QUTPUT HIGH DURING NEXT READING
READING OR SWEEP OR SWEEP
TTL HIGH
{3.4v TYPICAL)
TTL LOW
{0.25V TYFPICAL) QUTPUT LOW
IUNT!L RE-TRIGGERED

Figure 3-18. External Trigger Output Puise
Specification

3.12.7 External Triggering Example

As an example of external triggering operation, let us
assume that the Model 590 is to be used with a Keithley
Model 230 Programmable Voltage Source. The Model 230
is capable of output voltages as high as +101V. Thus, this
instrument is ideal for testing devices which require higher
bias levels than the nominal +20V level of the Model 590.

" Figure 3-19 shows the basic circuit configuration for using

the Model 590 along with Model 230 as an external bias
voltage source. Connect and program the instruments as

. follows:

1. Using suitable coaxdal cable, connect the 230 QUTPUT
to the 590 VOLTAGE BIAS INPUT on the rear panel.

2. Using a BNC coaxial cable, connect the 230 EXTERNAL
TRIGGER OUTPUT to the 590 EXTERNAL TRIGGER
INPUT.

3. Select the STEP program mode on the Model 230 and
program the various memory locations for voltage
levels, current limits, and required dwell times. The
dwell time should be programmed to the desired step
time. Consult the Model 230 Instruction Manual for
details.

4. Press the 590 MODE key and program the unit for the
one-shot trigger mode. Press SHIFT MODE and select
the external trigger source.

5. Press the 590 WAVEFORM key repeatedly until the the
EXT display message is shown, then press the ENTER
key. This step sets up the unit for use with the exter-
nal bias source.

6. Connect the circuit under test to the 590 test INPUT
and OUTPUT jacks.

7. Select the 590 range, frequency, model, and reading
rate, as required.

8. Press the 230 RESET key and turn on its output with

the OPERATE key.

WARNING
Up to =101V may be present at the 580 TEST
OUTPUT after the next step.

9. Press the BIAS ON key to turn on the voltage applied
through the test OUTPUT jack.

10. Start the measurement sequence by pressing the 230
START/STOP key. This action will trigger a 590
reading. At the end of the dwell time for location, a
590 reading will be triggered and stored.

NOTE
See paragraph 4.12 for an example program that
demonsirates this process.
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Figure 3-19. External Triggering Connections

3.12.8 IEEE-488 Bus Triggering If one of these commands has been selected as the trigger
source, you can also trigger the instrument by pressing the

To trigger a reading or sweep with an IEEE-488 trigger MANUAL button unless the instrument is in remote.

source, you must send the appropriate IEEE-488 command

over the bus: X, talk, or GET, depending on the selected

source. See Section 4 for complete details.
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3.13 DATA KEYS

The following paragraphs describe the operation of the 0-9.

+/—, A and V¥ keys, the SHIFT key, and ENTER and
QUIT. BUFFER and A — B are discussed under buffer
operation in paragraph 3.15.9.

3.13.1 Increment and Decrement

One purpose of increment (A) and decrement (V) is to
scroll through various buffer locations when viewing buf-
fer data on the front panel. To use these keys with the buf-
fer, simply press BUFFER, select the buffer to access at the
prompt, then use A& or ¥ to sequentially scroll through
buffer locations

A second purpose of A/V¥ is to provide an alternate

method of scrolling through menus when using RATE,

WAVEFORM, PARAMETER, MODE, and SETUP.

3.13.2 SHIFT/QUIT Key Operation

The SHIFT key is used to add secondary functions to some
other front panel keys such as MODE (SOURCE). To ac-
cess one of these shifted modes, simply press the SHIFT
button followed by the desired key. Note that the indicator
adjacent to the SHIFT key will be on when shift is active.

To cancel shift without selecting a corresponding mode,

press the SHIFT key a second time. I you press a key
which has no shifted function with shift enabled, the
primary function of that key will be performed. For exam-
ple, pressing SHIFT FILTER performs the same operation
as simply pressing FILTER.

When programming parameters or selecting menu options,
you can return to normal display without making a change
by pressing QUIT. QUIT can also be used to exit buffer
display.

3.13.3 Numeric Input

The numeric keys, which include 0-9 and + are nsed to
program numeric data when programming such
parameters as bias waveform voltages. Also, some plotter
setups are entered in numeric form.

To use these keys, simply press the desired mode button
and then enter your data with the number keys.

3.13.4 Display Cursor

During the process of programming numeric parameters,
the display digit affected by a key press will brighten to
act as a display cursor. As you type in digits, the cursor
will move to the right, and it will wrap around to the left
after passing through the right most digit. The — key can
be used to move the cursor to the right.
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3.13.5 ENTER

Use the ENTER key to update the active variables to the
new values. A single press of ENTER will save all
parameters just modified, and the unit will return to noz-
mal display.

3.13.6 Muitiple Parameter Entry

When programming two or more parameters, you need
not press ENTER after each eniry. Instead, press the A
or ¥ key to scroll to the next parameter to be programm-
ed. After changing the last parameter, press the ENTER
key to modify all parameters just entered. If you press
QUIT at any point, none of the parameters will be changed.

3.13.7 Invalid Parameter Entry

Parameters are check for validity when you scroll to the
next parameter set and when the ENTER key is pressed.
If a parameter outside the allowed range is programmed,
the unit will briefly display the following message:

INVALID
The unit will then return to the erroneous value.

3.13.8 Data Key Examples

The examples below will help to clarify data key operation.

Example 1: Using Increment and Decrement to Access the
Buffer

One purpose of A/V is to scroll through buffer locations

and display data stored there. The following procedure

demonstrates the basic process.

1. Using the MODE key, select the sweep trigger mode.
2. Press MANUAL to trigger a reading sweep.

3. Press BUFFER and select the A/D buffer at the prompt
by pressing 0. Note that the BUFFER LED turns on to
indicate that you are reading buffer data.

4. The instrument will then show data stored at the first
buffer location. A typical display is:

1.8000pF 00.11x5 +5.100V
5. Press the C vs t button to display buffer location num-

bers in the voltage display area.

6. Press and hold A and note that the instrument scrolls
through buffer locations in ascending order.

7. Release A, then press and hold V. Note that the in-
stt&:.ment scrolls through buffer locations in descending
order.

8. Press QUIT to return to the normal display.

Example 2: Using Increment/Decrement to Scroll Through
Menus

As discussed previously, the second purpose for A/V is

-for scrolling through parameter menus, as in the follow-

ing example.

1. Press the WAVEFORM key and note that a bias
waveform type is shown on the front panel display. For
example, the display might show:

BIAS WAVEFORM DC

2. Press and hold the 4 key and note that you can scroll
through bias waveform types.

3. Now press and hold the ¥ key and note that you can
scroll through available bias waveforms in the opposite
direction.

. 4. Press QUIT to return to normal display without chang-

ing the previously programmed waveform.

5. Press ENTER to return to the normal display with the
newly selected waveform in effect.

Example 3: Programming Single Numeric Parameters

To program a numeric parameter, simply press
PARAMETER and then key in the desired value, as in the
example below.

1. Using the WAVEFORM key, select a single staircase
waveform.

~ 2. Press the PARAMETER key repeatedly until the follow-

ing message is displayed:
1ST BIAS V +00.000

3. Now key in the desired voltage with the numeric keys.
For example, to program a value of 4V, press: 0400
0. Note that the digit affected by a keypress is
highlighted on the display.

4. To complete programming, press the ENTER key. The
voltage value will be programmed, and the unit will
return to the normal display mode. ,
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Example 4: Programming Multiple Parameters

When programming more than one parameter, it is not
necessary to press ENTER after each modification; instead,
you can scroll through the parameter menu, stopping at
each point to make the desired changes. The example

below demonstrates this process by programming start,

stop, and step times.

1. Use the WAVEFORM key to select a single staircase
waveform.

2. Press PARAMETER and note that the following prompt
for start time is displayed:

START TIME +00.001

In this instance, the default time of 1msec is displayed.
3. Key in the desired start time using the numeric keys.
For example, to program a 2.5sec start time, press the
following keys: 0250 0. o
4. Press the PARAMETER or A key. The unit will now
display the programmed stop time:

STOP TIME +00.001

Again, the default Imsec value is displayed in this
example.

5. Key in the desired value with the numeric keys. For ex-

ample, to program a 5.04sec stop time press the follow-

ing keys: 0504 0. -
6. Press PARAMETER or A again to display the pro-
grammed step time, as in the example below:

STEP TIME +00.001

7. Key in the desired value; for example, to program a
50msec step time, press the following keys: ¢ 005 0.

8. Press the ENTER key to complete programming of all
three values. The unit will then return to normal
display.

Example 5: Using the +/— Key

The +/—key is used to select positive or negative bias
voltage parameters, as in the following example.

1. Select a single staircase waveform using the
WAVEFORM key.

2. Press the PARAMETER key until the following message
is displayed:

1ST BIAS V +00.000
3. Program a 5V voltage as follows: 0500 0.

4. Press the +/— key a number of times and note that the
display alternates between a positive and negative value.

Example 6: Demonstrating an INVALID Error Message

If you attempt to program a parameter outside the allow-
ed range, the instrument will display the INVALID error
message, as in the example below.

1. Press PARAMETER repeatedly until the following
message is displayed:

1ST BIAS +05.000

The 5V value is due to Example 3 above.

2. Attempt to program a bias voltage above the allowed
+20V value by pressing the following keys in sequence:
30000, . .

3. Now press ENTER to complete programming. Note that
the instrument briefly displays the message below and

- then returns to the previously programmed parameter:

INVALID.

4. Press A or ¥ to attempt to scroll to the next parameter
item. Again, the instrument briefly displays the IN-
VALID error message and returns to the previously pro-
grammed parameter.

. Example 7: Using ENTER and QUIT

The ENTER key is the last step in the parameter or menu
selection process. In contrast, the QUIT key allows you to
cancel a mistake in parameter programraing or menu selec-
tion without actually changing previously programmed
values. The example below demonstrates operation of
ENTER and QUIT.

1. Press the MODE key and note the programmed trigger
mode. For example, the display might show:

TRIGGER MODE SWEEP

2. Press MODE again to change the trigger mode.
3. Press ENTER to invoke the trigger mode change.

4. Press MODE and note that the new trigger mode pro-
grammed in steps 2 and 3 is now in effect. For exam-
ple, if you changed from the sweep to one-shot mode,
the display will show.

TRIGGER MODE 1 SHOT
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5. Press MODE io change the trigger mode.
6, Prass QUIT to cancel the current selection.
7. Now press MODE again and note that the trigger mode

was not changed because you used the QUIT button.
Example 8: Using the — Key to Move Cursor
— can be used during parameter programming to move
the cursor. The example below will demonstrate this

process.

1. Press PARAMETER and note that the instrument
displays the start time, as in this example:

START TIME +00.001

2. Press the — key and note that the cursor moves to the
right.

3.14 BIAS VOLTAGE

The following paragraphs contain information on selecting
a bias waveform, programming bias waveform parameters,
and turning on the bias voltage. Details on waveform
- definitions, external bias input, and bias voltage monitor
are also included.

BIAS
ON
)=
WAVEFORM

a

PARAMETER

al

- J S

3.14.1 Selecting a Bias Waveform

Available Waveforms
Bias waveforms available include:

DC: any DC level in the range of —-20V to +20V.
Single staircase: stepping either up or down.

Dual staircase: stepping up then down or down then up.
Pulse train: step up or down.

‘External: external voltage applied to the BIAS INPUT jack.

Table 3-15 shows the general configuration of these
waveforms, Waveforms and parameters are defined in

-detail in paragraph 3.14.4.

Selecting a Waveform

To select the required bias waveform, press and hold the

WAVEFORM or A/V key until the desired waveform is
displayed, as summarized in Table 3-15. Press ENTER to
select the displayed waveform type.

If you wish to return to the previously programmed
waveform, press QUIT instead.

Typical Waveform Uses
Typical uses for the various waveforms include:

1. DC
A. One-shot: external time base C-t.
B. Sweep: internal time base C-t, or ““dumb’’ C-meter.
2. Single staircase
A. One-shot: external time base C-V.
B. Sweep: internal time base C-V.
3. Dual staircase
A. One-shot: external time base C-V with hysteresis.
B. Sweep: internal time base C-V with hysteresis.
4. Pulse

A. One-shot:. external time base C-V, return to default
between points.

B. Sweep: internal time base C-V, retumn to default be-
tween points.

5. External
A. One-shot: external time base, external bias control.
B. Sweep: internal time base, external bias control.
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Table 3-15. Bias Waveform Summary

Numeric
Key # |Display Message Description General Waveform Configuration
0 BIAS WAVEFORM DC Static DC levels

1 ° | BIAS WAVEFORM STAIR Single Staircase

2 BIAS WAVEFORM DSTAIR | Dual Staircase

3 BIAS WAVEFORM PULSE | Pulse Train

4 BIAS WAVEFORM EXT External Bias Voltage

3.14.2 Programming Waveform Parameters

Parameter Types 2.

Programmable parameters include such values as start and
stop hold times, as well as first and last bias values. Table
3-16 summarizes programimable parameters, display
messages, and the allowable range for each parameter.

NOTES:. ' T

1. All parameters are not programmable for every wave-
form type. The instrument will prompt only for those
parameters which apply to the particular waveform. 4,

Table 3-16 indicates which parameters apply to the
various waveforms.

The buffer can store a maximum of 450 readings (1,350
at 1000/sec rate). Programming reading sweeps longer
than this will result in lost data. If more than 450 (1,350)
readings are programmed (a function of first and last
voltage, as well as bias step size), only the first 450
(1,350) will be stored in the buffer.

. The number of readings stored as part of the sweep for

all waveforms except DC and external depends on start,
stop, and step voltages (see discussion below). The num-
ber of readings stored with external and DC waveforms
depends on the COUNT parameter (COUNT =450 or
=1,350).

Voltaﬁe parameters can be %rogrammed to ImV resolu-
tion, but actually have 5mV minimum steps.
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Table 3-16. Programmable Bias Voltage Parameters

Display Single | Dual
Message Description Limits* Resolution* | DC | Staircase| Staircase| Puise| External
START TIME Start time* Imsec to 65sec | Imsec X X X X X
STOP TIME Stop time* Imsec to 65sec Imsec X X X X X
STEP TIME Step time* Imsec to 65sec Imsec X X X X X
1ST BIAS V. First bias voltage | —20V to +20V 5mV X X X X
LAST BIAS V Last bias voltage | —20V to +20V SmV X X X
BIAS STEP V Step voltage —20V to +20V SmV X X X
DEFAULT BIAS V | Default bias -20V to +20V 5SmV X X X
voltage
COUNT #Readings per 1 to 450 (1,350 X
sweep at 1,000/sec rate)

NOTE: Voltage parameters can be programuned to 1mV, but are set in 5mV steps.
* Programmed times must be multiplied by 1.024 to obtain actual times.

X Indicates parameter applies to waveform.

5. Bias voltages of —20.000V can be programmed, but the
read-back display limit is —19.999V. Buffer data will
reflect voltage values above —19.999V, however.

6. The unit will display a CONFLICT error if you attempt
to program more than 450 readings per sweep.

Selecting Parameters

Select your bias parameters as follows:

1. Press and hold WAVEFORM or A (or press the
associated numeric key, as indicated in Table 3-15) to
select the desired waveform. For example, for a single

staircase, the display will show:
BIAS WAVEFORM STAIR

N

Press ENTER to program the waveform.

3. Press and hold PARAMETER or A/Y untl the
parameter you wish to program is displayed. For ex-
ample, to program start time, the display will show:

START TIME +00.001

4. Using the number keys, program the desired value. For
example, to program a step delay of 0.1sec, press: 0 0
100. ' -

5. Press PARAMETER or A fo advance to the next
parameter, then key in the desired value. “Igﬁfou key
m an invalid parameter, the instrument will briefly
display the following error message:

INVALID ~ & —

6. Once you have programmed all parameters, press the
ENTER key. The instrument will then return to normal
display.

7. To return to normal display without modifying para-
meters, press QUIT instead of ENTER.

Number of Readings in a Sweep

The number of readings in a sweep for DC and external
waveforms is determined solely by the COUNT parameter.
Thus, to control the size of the sweep, you should pro-
am COUNT for the desired number in the range of 1-450
1,350 at 1,000/sec rate).

In contrast, the number of readings in the sweep. for the
staircase or pulse waveforms will depend on the pro-
grammed first and last bias levels, as well as the step size
with a maximum of 450. For example, the total number of
readings in a given sweep with a single staircase waveform
can be computed as follows:

(V2 = Vi)
Vs

+1

where: n = number of readings
Vz, = last bias
Vi = first bias
Vs = step bias.

(If (V. — V)/Vs is not an integer, add one to the above

calculation).

3-35



OPERATION

Example: Assume that first and last bias values are —5V
and +5V respectively, and that the bias step is 0.1V. The

U, U .. L. VS AU DU
TIUHIDET O IEd.(.mlgb Ml LEe bWEEP j b
(+5 - (-5)
= ———— 41
0.1

n
n = 101 readings per sweep

Minimum Voltage Steps

Althouglh bias voltage parameters can be entered in ImV
steps, the actual minimum step size is 5SmV due to hard-
ware constraints. The actual bias voltage is calculated as
follows:

Ve
V= L— 1 x5
5

Where: V; = Actual bias voltage (mV)
V> = Programmed bias voltage (mV)

L o 17 i=

Mol Lle n tembmrrran £ X7
= Taxe the integer of V5

Example: Assume a 10.223V voltage is programmed. The
actual bias voltage is:

10,223 .
Ve= L —— 1 x5=10220mV
5
Ve = 10.22V

3.14.3 Controlling the Bias Voltage (BIAS ON)

Use the BIAS ON key to turn the bias voltage on or off.
The indicator to the right of the ON key shows the state
of the bias source. Note that this key controls both inter-

nal and external bias souxces (when selected). Figure 3-20

shows a flowchart of ON key operation.

WARNING
Up to 200V DC may be present at the test OUT-
PUT jack when the bias is turned on while using
an external bias source.

The exact configuration of internal circuitry differs depend-
ing on whether the internal or external bias source is used,
RPN, RSO I 5L, I b I LY : Lo Ty T F 3 0 N Ry e,
dd DIIUWIL U1 I'islu.t o liet). CIEWE Omglill) Sliuwd .ﬂ..[.l.
equivalent circuit of software implementation of bias
control.

NOTES:

1. Pressing ON will abort any active sweep and reset the
A/D buffer.

2. When external bias is turned on, and the unit is not trig-
gered, the following will be displayed:

EXT.--V
YES
oN
NO
YES
BOTH
OFF
NO
EXT INT
ON ON

Figure 3-20. Bias ON Key Operation
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100KHZ
i 3
TEST
1/8 TEST —
/BA  ~ aEST - OUTPUT
BiAS =200V
INPFUT ~ MAX J. V
———\W\-
W
14F 100KkQ
N\
BAS ) Ny
MONITOR
OUTPUT
v, (INTERNAL)
+20V '

L

INT/EXT

BIAS ON

Figure 3-21. Bias Switching Network (a) Software Implementation of Bias ON (b)

3.14.4 Bias Waveform and Parameter
Definitions

Definitions for the various bias waveforms and associated
parameters are located in Figures 3-22 through 3-31. Where
applicable, a separate definition is included for each
waveform and trigger mode combination.

Parameters are further defined as follows:

Start Time: The time period, occurring on the first bias step,
from the point the instrument is first triggered until the
first step time.

Stop Time: The time period after the reading taken dur-
ing that last bias step before the instrument returns to the
default bias voltage. A

Step Time: The time period after a fransition to a new bias
step before the instrument begins a measurement (except
for the first step, which also includes the start time).

First Bias: The initial voltage setting of the bias waveform.
Last Bias: The final voltage setting of the bias waveform.

Step Bias: The incremental change of each step in the bias
voltage waveform.

Default Bias: The bias voltage value both before and after
a sweep, or between pulses (pulse train only).

Count: This parameter sets the number of readings per
sweep for the DC and external bias waveforms only.
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NOTES: . First Bias: +5V
. Last Bias: —5V
1. To program a negative going staircase (or negative then Step Bias: —0.1V

positive dual staircase) set the first bias more positive
than the last bias, and use negative step bias values. For
example, to step from +5V to -5V in 100mV in-
crements, program the following values:

2. The final step bias value may be smaller than the pro-
grammed Step Bias, depending on First Bias, Last Bias,
and Step Bias Values.

5 k ' ) BUFFER

f
; TRIGGER EVENTS RESET
FIRST BIAS
v DEFAULT BIAS - o DEFAULT BIAS
t
s = s
w = w 5 s
j11}
g 2@ £ & g 5 ¥
E o @ . B e
a. o
A - b S £ £ 5
- NOTES:
1. ONE TRIGGER PER READING !S REQUIRED.
2. NUMBER OF READINGS IS DETERMINED BY COUNT PARAMETER.
3. BUFFER IS RESET BY NEXT TRIGGER AFTER COUNT # OF READINGS ARE TAKEN.

Figure 3-22. DC, One-Shot
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FIRST BIAS

TRIGGER EVENTS

DEFAULT BIAS

A
e

DEFAULT BIAS
EYRY

sttt

START TiME
STEP TIME

o
Q
@

NOTE:

MEASUREM

!
il

LY
|l—| ] |+-]
g Z
Ll
L8 -
5 2 5 23
al a7
g s g5 {
RDG 2 RDG N BUFFER RESET
HERE

1. UNIT TAKES COUNT PARAMETER NUMBER OF READINGS PER TRIGGER EVENT.
2. THE A/D BUFFER IS CLEARED BY A TRIGGER

Figure 3-23. DC, Single Sweep
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‘ { * { TRIGGER EV;NTS ‘ REIEI' { *

LAST BIAS

— DEFAUIT BIAS J—l \J I—l A DEFAULT BIAS
E_ STEP BIAS FIRST BIAS I
= _

%
5
o]

b7 H
z s g
[ : -
5 & =
w < = g o
EEE f¢& Idz
- D - 2 = 3
E o @ a @ a @ o
S g3 Ed oI P
b & = & = 6 5 @
NOTES:
1. ONE TRIGGER PER READING REQUIRED.
2. NEXT TRIGGER AFTER ALL STEPS TAKEN RESETS BUFFER,
DEFINITION OF LAST STEP
—~LAST VOLTAGE STEP MAY NOT BE FULL 0< A = STEP BIAS
LAST BIAS
STEP
BIAS

Figure 3-24. Single Staircase, One-Shot
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& &
jo) L]
<] g
= =
* LAST BIAS ‘
DEFAULT BIAS
—— DEFAULT BIAS { f
FIRST BIAS _y STEPBIAS
I ! | 1 1
-l o] i I__l_...'_..l
1_
| 1«11z 5
¢ w3 : g .
= u w w
Fz g =z B : kB 2 }
'... L a . E ~ a 'n- 1
E o 2 o @ o @ BUFFER RESET
o & o ] - w [o
'5 5 s 'cE g k= g = BY TRIGGER
NOTES:
1. ONE SWEEP PER TRIGGER.
2. A TRIGGER RESETS THE BUFFER.
3. SEE FIGURE 3-24 FOR LAST STEP DEFINITION.

Figure 3-25. Single Staircase, Sweep
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— DEFAULT BIAS

FIRST BIAS

L_FESTBAS)

START TIME
STEP TIME
MEASUREMENT

5

STEP TIME

MEASUREMENT

TRIGGER EVENTS

N R T B

LAST BIAS

R N

STEP BIAS

BUFFER
RESET

# #

DEFAULT BIAS
ks

FIRST BIAS

FIRST BIAS, |
.

NOTES:
1. ONE TRIGGER PER READING REQUIRED.
2. TRIGGER AFTER ALL STEPS TAKEN RESETS BUFFER.

STEP TIME

=JIJ

MEASUREMEN

|

STOP TIME

MEASUREMENT

START TIME
STEP TIME

Figure 3-26. Dual Staircase, One-Shot
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~=-- TRIGGER

J

DEFAULT BIAS

FIRST BIAS

A

1

START TIME
STEP TIME
MEASUREMENT

-

STEP TIME
MEASUREMENT

[+ =4
[T7]
[G]
o
@
-
LAST BIAS ‘ , ,
DEFAULT BiAS [ 1
3 STEP BIAS FIRST BIAS FIRST BIAS
't " BUFFER
!__ RESET
=
S w
4
= W =
= % =
o a.
W [=]
b £ B
NOTES:

1. ONE TRIGGER PER SWEEP REQUIRED.
2. TRIGGER RESETS BUFFER.

Figure 3-27. Dual Staircase, Single Sweep
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DEFAULT BIAS

BUFFER
RESET

& 4 | #

i FIRST BIAS
FIRST BIAS — —
STEP BIAS

!

LAST BIAS — —— — o =—— f— —

1 |__DEFAULT BIAS

B
i

S
1
L

1
¥

1t
-

START TIME
STEP TIME,
MEASUREMENT
STOP TIME
STEP TIME
MEASUREMENT
STOP TIME

NOTES:
1. ONE TRIGGER PER READING REQUIRED.
2. FIRST TRIGGER AFTER LAST STEP RESETS BUFFER.

Figure 3-28. Pulse Train, One-Shot
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TRIGGER TRIGGER

FIRST BIAS
[ srepBias
LAST BIAS
DEFAULT BIAS DEFAULT BIAS
[ | | BUFFER
— - RESET
. = = - -
i B g
Ll [1E]
E2EE 2% %
-2 F E 2 -
£ a 9 o a @ o
<EZ5 EE S
wWwE W oM = W

NOTES:
1. ONE SWEEP PER TRIGGER.
2. BUFFER IS RESET BY TRIGGER.

Figure 3-29. Pulse Train, Single Sweep
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~=+— TRIGGER
~=+— TRIGGER
~m-- TRIGGER

MEASUREMENT
MEASUREMENT
MEASUREMENT

START TIME
STEP TIME
STEP TIME
STEP TIME
STOP TIME

EXTERNAL
TRIGGER
OUTPUT

o
-

BUEFER
RESET

NOTES:

1. COUNT # OF READINGS ARE STORED IN BUFFER.

2. FIRST CYCLE ONLY INCLUDES START TIME.

3. LAST CYCLE ONLY INCLUDES STOP TIME.

4. FIRST TRIGGER AFTER COUNT # READINGS RESETS THE BUFFER.

5. WAVEFORM SHOWN DEPICTS EXTERNAL TRIGGER QUTPUT - NOT BIAS WAVEFORM.

Figure 3-30. External, One-Shot
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[2=4
w
[}
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©
P—
‘ [ b= [
[F4] (11 JIF] w
IHETHE 12|z
l2iF]2 =12
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giw | S jw]|< mi<|o
Ele |8l |W = lw] e
wlunlEslnl= w1Z2lw
1t :
] EXTERNAL
TRIGGER
QUTPUT
NOTES:

1. ONE TRIGGER PER READING REQUIRED,
2. FIRST TRIGGER AFTER LAST STEP RESETS BUFFER.
3. COUNT READINGS ARE STORED IN BUFFER.

4. WAVEFORM SHOWN DEPICTS EXTERNAL TRIGGER QUTPUT
NOT BIAS WAVEFORM.

Figure 3-31. External, Single-Sweep
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3.14.5 Bias Step and Sweep Duration

The duration of each bias step depends not only on val-
ues of programmed parameters such as start time, step
time, and stop time, but also on the selected reading rate,
as discussed below.

NOTE
For simplicity, the following examples use the
nominal reading rates in the calculations. For
best accuracy, use the actual reading rates, as
discussed in paragraph 3.9.

First Bias Step Duration

Asshown inFigure 3-32, the duration of the first bias step
is the sum of the following:

1. The programmed start time.

2. The selected step time.

3. The measurement time. The measurement time is
simply the reciprocal of the reading rate. During this
peziod, the instrument measures C, G, and V values
(except at the 1000/ sec rate, which meastres only ca-

pacitance) and stores the values in the current buffer

location.

Bias Step Duration

As shown in Figure 3-32, this time period is the duration
of all bias steps in the waveform except for the first and
last step. This time period is the sum of:

1. The programmed step Hime.
2. The measurement time. Again, the measurement
time is the reciprocal of the reading rate.

Last Bias Step Duration

The last bias step duration is simply the sum of the fol-
lowing (refer to Figure 3-32):

1. The programmed step time. R

2. The measurement time. As discussed above, the
measurement time is the reciprocal of the reading
rate.

3. The programmed stop time.

Coﬁxpuﬁng Sweep Times and C vs t Information

When computing sweep times or C vs t information, you
must multiply the programmed start, stop, and step
times by a factor of 1.024 in order to accurately compute
these factors. For example, time at a specific buffer loca-
tHon is computed as follows (DC and staircase
waveform):

is = 1.0244sun + B (1.024t50e + 1/R)

Where:  tg = time af a specific buffer location
ot = programmed start time
tstop = programmed step time
R = actual reading rate (see list above for ac-
tual rates)

B = Buffer location number

For pulse waveforms, the time is:

te = 1.024%0n + B (1.024tsep + 1/R + 1.024t50p)

Where:  tswop = programmed stop time (other parame-

ters as indicated above)

Note that accuracy is = (0.3% + 1.024msec) except for stop
times less than 2msec, which are not specified.

Example: Assume that the instrument is being operated
. atthe nominal 10/sec rate with a programmed start ime

of 100msec and a step time of 50msec. The time at buffer
location 40 would be:

t5 = 1.024 (0.1) + 40 [1.024 (0.05) + 1/9.771
ta= 6.24sec

'In a similar manner, elapsed times indicated in the U8

and U15 status words (Section 4), and shown on plots

~ (paragraph 3.16) must also be multiplied by a factor of

1.024 in order to determine the actual elapsed times.
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Figure 3-32. Bias Step Durations
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3.14.6 Using External Bias Sources Source Connections

The Model 590 may be used with an external bias voltage Figuze 3-33 shows a typical configuration using an exter-
source, as described below. nal voltage source. Note that the source output is con-

nected to the VOLTAGE BIAS INPUT jack on the rear
panel of the Model 590. When making the connections,
use good quality shielded cable tominimize EMI radiation.
The center conductor of the jack is input high, while the
outer ring or shell is input low.

I = o

ACRINEY PE HAZAND, RIFLACE SUEE WITH
THE SAME TYP ANO KATING,

I A3

)
T MODEL 580
CV ANALYZER
fm—— COAXIAL CABLE
HIGH
\_ OUTPUT
CABLE SHIELD —
‘ LOW

VOLTAGE SOURCE
WARNING: MAXIMUM EXTERNAL BIAS +200v DC

Figure 3-33. External Bias Source Connections
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WARNING

Maximum external bias voltage is +200V DC.
Exceeding this value may create a shock
hazard or cause damage to the instrument.

CAUTION

The output terminals of some voltage sourc-
es are shorted when those sources are
placed in standby. Thus, placing the external
bias source in standby nay cause the Mode
590 bias input fuse to biow. To avoid blowing
the fuse, always turn off the Model 580 bias
source (with the BIAS ON key) before plac-
ing the external bias source in standby.

CAUTION

The outer ring of the BIAS INPUT jack is con-
nected to analoyg common and can be float-
ed a maximum of 30V RMS above chassis
ground only when the rear panel grounding
switch is in the floating position. Exceeding
this value may cause instrumeni damage.
Analog common cannot be floated above
chassis ground when the grounding switch
is in the grounded position.

Controlling External Bias
To enable the external bias source you must do two

things: select external bias with the WAVEFORM key,

and turn on the external bias with the BIAS ON key The
basic procedure is as follows:

1. Press WAVEFORM repeatedly until the instrument
displays the following:
BIAS WAVEFORM EXT

2. Press ENTER to select external bias.

3. Program or select the desired value on your external
voltage source and furn on its output.

4. Turn on the bias voltage by pressing the BIAS ON
key on the front panel of the Model 590. The voltage
will then be applied fo the OUTPUT jack.

5. To turn off the external bias source, press the BIAS
ON key again.

3.14.7 Monitoring the Bias Voltage

By connecting a suitable monitoring device to the VOLT-
AGE BIAS MONITOR jack, you can measure or record
the actual bias votlage, whether that voltage is being gen-
erated internally or externally. Typical examples include
a DMM, chart recorder, or analog plotter.

Figure 3-34 shows typical connections for bias voltage
mortitoring. Note that the center conductor of MONI-
TOR is high, the the outer ring is low.

WARNING

Up to 200V may be present at the MONITOR
output,

CAUTION

The maximum common-mode voltage (volt-
age between the outer shell of MONITOR and
chassis ground) is 30V RMS when the
grounding switch is in the floating position.
MONITOR low cannot be floated above
ground when the grounding switch is in the
grounded position.

NOTES:

1. Use only shoelded cable to minize the possibility of
EMI radjation.

2. The source resistance of MONITOR is 1kQ. Thus, to
minimize accuracy degradation due to loading, the
input resistance of the monitoring device shoud be
as high as possible. For example, to keep accuracy
degradation under 1%, the input resistance of the
monitoring device should be at least 100k,

3.14.8 External bias voltage measurement
range

Available ranges
There are two external bias voltace measurement :anges,

" 20V and 200V. For best voltage measurement accuracy,

use the 20V range whenever possible.

Selecting the 20V voltage measurement range

Select the 20V extemal bias voltage measurement range
as follows:

1. Press the WAVEFORM key.

2. Repeatedly press the up or down arrow key until the
following message is displayed:
BIAS WAVEFORM EXT20

3. Press ENTER to complete the selection.

Selecting the 200V measurement range

Select the 200V external bias voltage measurement range
as fo]lows

1. Press the WAVEFORM key.

2. Repeatedly press the up or down arrow key until the
following message is displayecd: -
BIAS WAVEFORM EXT200

3. Press ENTER to complete the selection.
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Figure 3-34. Bias Monitor Connections
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3.15 BUFFER OPERATION

The following paragraphs describe basic operation of the
two 450 word buffers and how they are affected by trig-
gers. Additional discussions cover how to display data

om the A/D buffer on the display and how to transfer
buffer contents.-

3.15.1 Buffer Definitions

Reading—A single group of data normally consisting of a
capacitance, conductance, and bias voltage value (except
at 1000 readings per second, which includes only capaci-
tance data).

Buffer A—The 450 word buffer into which readings pro-
cessed by the A/D converter are placed during a reagi.ng
sweep. For that reason, buffer A is often referred to as the
A/D buffer in this manual. Each word in buffer A normal-
ly contains capacitance, conductance, and bias voltage
data.

Buffer B—This 450 word buffer provides additional storage
for sweep data. Since plotting is usually done from this
buffer, buffer B is frequently referred to-as the plotter buif-
fer in this manual. Note that the A/D converter cannot
directly place data into this buffer; you must transfer buf-
fer contents with the A — B key. It is recommended that

you transfer data immediately after the sweep is completed
in order fo avoid overwriting it by mistake.

Last Reading Register—As the name implies, this register
stores the last available reading made available by the A/D
converter. Register data is then displayed on the front
panel and made available for transmission over the
IEEE-488 bus.

Buifer Location Numbers—Buffer locations are numbered
1 through 450 inclusive, for a total of 450 locations. Each
location stores a capacitance, conductance, and bias voltage
reading. The unit stores data sequentally in lowest to
highest order, beginning at location 1.

NOTE
- Buffer size is 1,350 capacitance only readings at the
1,000/sec reading rate.

3.15.2 How Trigger Modes Affect the A/D
Buffer .

'The way that data is placed into the A/D buffer varies

somewhat, depending on the trigger mode in use, as
described below. Figures 3-35 and 3-36 show buffer opera-
tion flow charts for the one-shotand sweep trigger modes
respectively.
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T
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STEP
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NOTES:
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3. BIAS STEP BLOCK IS NOT APPLICABLE TO DC AND EXTERNAL WAVEFORMS.

Figure 3-35. Buffer Operation in One-Shot Mode
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Figure 3-36. Buffer Operation in Sweep Mode
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One-shot

Initially, readings are placed into the buffer beginning with
location 1 and the last reading register as triggered. Recall
that a separate trigger is required for each reading in the
one-shot trigger mode.

Readings continue to process, one per trigger, until all
possible readings are taken. For the two staircase and pulse
waveforms, this number depends on the programmed
first, last, and step bias values. With the DC and external
waveforms, however, the number of readings to be taken
depends on the COUNT parameter, up to the maximum
buffer size,

Once all steps are completed (as determined either by bias
voltage parameters or the COUNT variable), the unit sets
the bias voltage to the default value. Note, however, that
the very next trigger will clear the buffer and begin storage
again at location 1, destroying all points in the previous
sweep. Thus, it is imperative that you keep track of the

number of triggers in order to avoid loosing your data.

Sweep

Ongce the unit is triggered, it will store n readings in the

buffer in first to last location order. Here n represents the

number of readings in the sweep. For the staircase and
pulse waveforms, n is determined by the first, last, and
step bias voltage parameters. However, n is equal to the
COUNT variable for the DC and external waveforms. As
readings are stored in the buffer locations, they are also
placed in the last reading register for use by the display
and the IEEE-488 bus.

After n readings are taken and stored, the unit sets the bias
voitage to the default level and then continues to take
readings at that level until another trigger is received.
These readings are stored in the last reading register only
{(and will consequently update the display), but will not
be stored in the buffer.

With the next trigger stimulus, the buffer will be cleared,

and the instrument will begin storing readings in the buf-_

fer again beginning at location 1.

NOTES:

1. In the sweep trigger mode, the same trigger that initiates
the sweep will also reset the buffer for storage of new
readings. :

2. In the one-shot trigger mode, the first trigger after the
sweep is completed will clear the buffer and store anew
reading beginning at location 1.

3. Pressing RANGE, FREQ, ZERO, CAL or BIAS ON; or
changing the rate, trigger mode, source, waveform or
pzrffameter will abort an active sweep and clear the A/D
buffer.

4. Accessing a buffer which contains no valid data will
cause the unit to display an invalid reading indication,
as in the example befow:

nF ————m§ ———V

. -

5. Data will not be available until a sweep is completed at
the 75 and 1000/sec reading rates. In one shot, the unit
must receive sufficient triggers to complete a sweep
before buffer data is valid.

3.15.3 Accessing Buffer Information

By using the BUFFER and A/¥ keys, you can display any
of the 450 words located in either of the two buffers. Dur-
ing buffer access, the BUFFER LED will turn on to indicate
that the instrument is displaying buffer data.

Use the following procedure o access data in either buffer.

1. Press BUFFER. The instrument will prompt you for the
buffer to access:

BUFFER A=0 B=17?

2. Press 0 or 1, as required. The instrument will then
display the data stored in the first buffer location (loca-
tion 1). For example, the display might show:

18.000pF 00.120p5 05.000V

Note that the BUFFER indicator turns on to show that
you are reading buffer data instead of current readings.

3. To sequentally access the various buffer locations in
ascending order, press the A or BUFFER key. With each
key press, you will access the next higher location until
the highest location is reached, at which peint the unit
will stop incrementing and stay on the highest location.
For easier scrolling, yvou can simply press and hold the

- key in question.

4. To sequentially access buffer locations in descending
order, press the ¥ key. The unit will then decrement
by one location with each key press. Once the lowest
location (1) is reached, pressing decrement will have no
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further effect. Again, you can press and hold decrement
to scroll through buffer locations more easily.

5. To display the first buffer location (location 1), press
ENTER. To display the last valid buffer location (the
highest location that contains valid data), press BUFFER.

6. To cancel buffer operation and return to the normal
display mode, press QUIT. The BUFFER indicator will
turn off to verity that the instrument is reading normal
instrument data.

NQTES:

1. To display buffer locations, press the C vs t key when
accessing a buffer. Buffer location numbers will then ap-
pear in the bias voltage display area.

2. The instrument will continue to process readings dur-
ing buffer access if a sweep is active (except 75 and
1,000/sec rates).

3. Press RECALL to return to normal buffer display after

using a math function.

3.15.4 Transferring Buffer Contents

Buffer A is the buffer into which A/D data is stored, while
buffer B is the one normally used when plotting. Thus, to
save data from being overwritten by a new sweep, you
should transfer data from buffer A to buffer B before trig-
gering a new sweep.

To transfer buffer data, simply press the A - B (SHIFT
BUFFER) key. All valid data from buffer A will then be
placed in buga B, including capacitance, conductance, and
bias voltage values. Any other pertinent information
associated with the stored data such as whether or not zero
was enabled when buffer data was stored will also be
transferred to the buffer B header.

NOTES:

1. Since pressing some front panel keys will dear A/D buf- -

fer data, it is recommended that you always transfer data
to buffer B immediately after a sweep is completed
There is no way to recover such data once buffer A is
cleared.

2. Transferring buffer contents with the A — B key will
clear buffer A of any data and abort an active sweep.

3. No data will be transferred by pressing A — B if no valid
data is stored in the A/D buffer; however, buffer B will
still be cleared of relevant data in this situation.

3.16 PLOTTING DATA

The following paragraphs contain information on connec-
ting the Model 590 to an intelligent plotter, selecting plot-
ter parameters, drawing grids, and generating plots. Ac-
tu examples of plots are also given.

Refer to paragraph 3.22 for information on plotting through
the analog outputs using an X-Y recorder.

" orarrer )
PLOTTER

PLOT

i

GRID

U U

ABORT

—

3.16.1 Recommended Plotters

The Model 590 software is designed to be used with the
Hewlett-Packard 7470A plotter. Other similar plotters
utilizing the syntax described in the following paragraphs
may be substituted. Table 3-17 summarizes recommend-
ed plotters.

Table 3-17. Recommended Plotters

Maﬁufacturer Model
Hewlett-Packard 7470A*
Hewleti-Packard 74754
Hewlett-Packard 9872A

*This model is preferred.
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3.16.2 Plotier Language Syntax

3.16.3 Plotter Primary Address

The Model 590 uses a subset of HP-GL using the more = The plotter should be operated in the addressable mode
rigorous HP9872 syntax. Commands implemented by the with a primary address of 5. Consult the plotter instruc-

590 are summarized in Table 3-18. Ge

is shown in Figure 3-37.

neral HP-GL syn

INSTRUCTION
MNEMONIC
(SEE TABLE}

NOTES:

ARE NOT ACTUALLY SENT.

XY PARAMETERS(, OPTIONAL PARAMETERSY);

TERMINATOR

1. NO SEPARATORS IN INSTRUCTION MNEMONIC.
2. COMMA ONLY TO SEPARATE PARAMETERS.
3. PARENTHES!S INDICATE OPTIONAL PARAMETERS AND

Figure 3-37. HP-GL Syntax Used by Model 590

Table 3-18. HP-GL Instructions Used by Model 590

SI width, height

SP n
TL tp(,tn}
XT

YT

Instruction Description
CP spaces, lines Character plot
DF Set default values
DI run, rise Absolute direction
N Initialize
LB C..C Label ASCII string
LT &, 1) Designate line type
and length
PA x, ¥ (,x, ¥(....)) Plot absolute
D x, y(-..}) Pen down
PR x, v(,x, ¥(,...0) Plot relative
& v(... Pen up '
SC Xmin, Xmax, Ymin, Ymax | Scale

Absolute character
size

Select pen

Tick length

X-axis tick

Y-axds tick

tax ~tion manual for details on setting the primary address.
. z—_Note that the Model 590 has no provisions for programm-

ing the plotter primary address; the instrument assumes
that the primary address of the plotter is 5.

NOTES:

1. To avoid address conflicts, make sure that no other ac-
tive devices on the bus have a primary address of 5.

2. When generating a plot or grid from the front panel, the
Model 590 automatically addresses the plotter fo listen.

3. Disconnect the controller from the bus when plotting
from the front panel.

3.16.4 Plotter Bus Connections

The Model 590 should be connected to the plotter via the
IEEE-488 bus, as shown in Figure 3-38. Shielded cable, such
as the Keithley Model 7007, should be used to minimize
the possibility of EMI radiation.
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PLOTTER PLOTTER
IEEE-488 INTERFACE

Figure 3-38. IEEE-488 Plotter Connections
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3.16.5 Programming Plotter Setup Parameters

Through use of the SETUP key, you have control over a

number of setup parameters, induding plot type, pen type,

g? type, label type XY axis scaling, as well as

e two buffers {0 plot Parameters associated

mth the SETUP key are summarized in Table 3-19. Figure

3-39 shows a general flowchart of the various plotting
functions.

NOTE
Only the C vs t plot type can be used at 1000
readings per second.

Table 3-19. Plotter Setup Parameters

Parameter Description
PLOTTYPE { 0 = Cvs V*
1=GvsV(RvsV, series model)
2=1UCwvsV
3=C/ Co vs V
4 = C vs t (Buffer index)
5=C—CavsV
6 = [V,=V,]JC = CONST
PEN TYPE |0 = No Pen
1 = Pen #1*
2 = Pen #2
LINE TYPE | 0 = Dots at plotied points
1 = Spaced dots
2 = Dashes
3 = Long dash
4 = Dash dot
5 = Long dash/short dash ,
6 = Long dash/short dash/short dash
7 = Solid line*
GRID TYPE | 0 = Full grid*
1 = Axis only
LABEL TYPE| 0 = Full labels*
1 = Label axis and divisions (no title)
2 = Label axis only
3 = No labels
BUFFER 0 = Buffer A (A/D)*
1 = Buffer B (Plot)
X S8CALE** | 0 = Auto scale*
1 = User-programmed scale
Y SCALE** | 0 = Auto Scale*
1 = User-programmed scale. .
*Default values.

**See text for discussion on programming scaling para-
meters

NOTE: Plotter setup parameters are not stored by
SAVE/RECALL.

N
GRID PLOT ERROR
S |

Figure 3-39. Plotting Flowchart

Program parameters as follows:

1. Press SETUP and then /¥ repeatedly (or simply hold
the key) until the display message for the parameter you
wish to program is displayed. For example, the display
for grid type is as follows:

GRID TYPE 0-1 .

2. Using the numeric keys, enter the number of the
parameter to be programmed. For example, for an axis-
only grid, press 1. _

3. Once all desired parameters have been programmed,
press the ENTER key to program the value.

4.1f you wish to return to the previously programmed
parameter(s), press QUIT instead of ENTER.
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Figure 3-40. Plot Format
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3.16.6 Graph Format

Figure 340 shows the general format of a typical plot. Axis
type, line type, and title block parameters are indicated on
the plot. ' o

Title block parameters include:

it

. Keithley Model number.

. Buffer elapsed time in hours, minutes, seconds, and
milliseconds.

. X10 attenuator status.

. Filter status.

. Test frequency.

. Zero status.

. Model (series or parallel)

[

1oy O = W

3.16.7 Plotting a Grid

To plot a grid on your graph, press the GRID key. The grid
along with pertinent labels will then be plotted in accor-
dance with the previously selected setup parameters.

3.16.8 Initiating the Plot

Press PLOT to perform the plotting function. The instru-
ment will then send commands and data to the plotter to
é?gh data in accordance with the previously selected

parameters (plot type, pen type, and line type).

3.16.9 Aborting a Plot or Grid

If, during the process of generating a plot of grid, you can
abort the operation by pressing the ABORT key.

Once a plot or grid has been aborted, press the appropriate
key to initiate the required action from the beginning.

3.16.10 Plotier Error

Pressing PLOT or GRID while the function is active will
cause the instrument to display the following error
message:

CONFLICT ST

- taken on the 200p

3.16.11 Plotter Scaling

By selecting appropriate parameters on the setup menu,
you can select auto or user-defined scaling, as discussed
below.

Autoscaling

When autoscaling is selected, the instrument will
automatically scale the Y axis between 0 and full range
value. For example, if plotting a C vs. V curve with data

F range, the minimum and maximum
values will be 0 and 200pF respectively.

The X axis will be scaled in accordance with the minimum
and maximum values stored in the buffer being plotted.
For example, with the C vs. V plot, if the minimum and
maximum stored buffer values are —5 and 3V, the X axis
minimum will be —5 and the maximum will be +3.

User-defined Scaling

By selecting the appropriate option(s) on the setup menu,
you can define the minimum and maximum values for both
the X and Y axes. The basic procedure is outlined below.

Selecting Scaling and Programming Scaling Parameters

1. Press SETUP then hold the A key until one of the follow-
ing messages is displayed. For the X axis, the message is:

XSCALE N=0Y=1
For the Y axis the unit displays the following:
YSCALE N=0Y=1

2. To disable scaling, press 0 then ENTER (or select the next -
parameter to be programmed with the A / ¥ key, then
press ENTER after all selections have been made).

3.To enable scaling for the selected axis, press 1 but do
not press ENTER at this time.

4. Press A to scroll to the low value for the selected axis.
For example, for the low value on the X axis, the display
will show:

+0.0000E + 00 XLOW

5. Use the numeric keys to enter the desired scaling fac-
tor. Use the — key, as necessary, to place the cursor on
the digit(s) to be changed.
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6. Use A to scroll to the remaining scaling parameters, as
required. You can program both low and high values
for both X and Y axes. : :

7. Once all scaling factors have been selected, press the
ENTER key to program them.

3.16.12 Plot Types

By selecting the plot type option on the SETUP menu, you
can choose one of the following seven plot types:

Setup

Option Plot Type Y Axis X Axis

0 CwvsV Capacitance Bias voltage
1 Gws V* Conductance Bias voltage
2 CvsV uce Bias voltage
3 CiC,vs V CiC, " Bias voltage
4 Cvst Capacitance Buffer location
5 CeCsvs V C+Cs:  Bias voltage
6 [Vi=Vz]C=CO-
NST V=V Capacitance

With all seven plot types, the selected function is plotted
along the Y axis. However, the bias voltage is plotted along
the X axis only for five plot types. In the case of V,-V5,
the capacitance is plotted along the X axis, while buffer
location numbers (not actual times) are plotted along the
XadsinCwvst. ' '

NOTES:
1. More information on C vs t measurements may be found
.in paragraph 3.20.

2. The maximum capacitance value stored in the selected
buffer is used for Co when plotting C/Cg.

3. Serjes or parallel model affects plotted data.

3.16.13 Plot Examples

Examples of typical plots are shown in Figures 3-41 through

3-47. A separate example for each plot type is included.

*R vs V if series model was selected when data was taken.
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Figure 3-41. C vs V Example
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Figure 3-42. G vs V Example
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\.

4 DATA )
SHIFT 7 8 9
(o (] ()
QuIT CAEBLE CAL CABLE # SELF TEST

iEEE
()

o8l |~
&’

CONFIGURATIONS

instrument with often-used setups.

over the bus.

are affected by save/recall.

NOTES:

A—B VA —=VRIC-CONST. CvsT
J
3.17 SAVING AND RECALLING INSTRUMENT Table 3-20. Factory Default Configurations for
Save/Recall
The SAVE and RECALL buttons allow you fo store instru- —
ment configurations in NVRAM and recall them later at— | Mode Condition
the touch of a button, thus simplifying operation of the
Range 2nF
Frequency* 100kHz
Filter on _
3.17.1 Factory Default Configurations Iz{ate 1gfreadmg_?fse¢
ero o
. N . Trigger mode Sweep
A maximum of seven user-defined instrument configura- .
Hons can be stored and retrieved by using this feature. Trigger Source mﬁs
User-defined configurations are numbered 1 through 7. | oo gource off
Note that the instrument always assumes the configwra- | .. Waveform DC
tion stored in position 1 upon power up, or after the in- | g ¢ Tyme 1msec
strument receives the IEEE-488 DCL or SDC command Stop Time 1msec
Step Time 1msec
First Bias o
Ore additional configuration, setup 0, contains factory ]s“?:t %1;55 gg
defaults that are permanently stored in ROM and cannot—| p, eff.;.ult Bias oV
be altered. Table 3-20 summarizes the factory default con- Count: (Pro ed # 450
figuration for the various front panel operating modes that readings p egrr sweep)
*100kHz units
NOTES:

1. The IEEE-488 primary address, plotter setup parameters,
and model are not affected by save/recall.

2. From the factory, all save/recall positions will be pro-
grammed with the same configuration (see Table 3-20).

3. Configuration worksheets to record your setups are
located in Appendix F.

1. Position ( is permanently stored in ROM and cannot be
altered.
2. Position 1 configuration is assumed upon power up.

3. Recall 0 returns all units to 100kHz frequency, including
590/1M models.
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3.17.2 SAVEing Configurations

Use the following procedure to save up to seven instru=—

ment setups.

1. With the appropriate front panel buttons, select the
operating modes to be saved. -

2. Press SHIFT SAVE. The instrument will display the

following prompt:

SETUP NUMBER ?

3. Press the numeric key (1-7) representing the position
you wish to save, but do not press ENTER. Keep in
mind that the instrument assumes the position 1 con-
figuration upon power up.

4. The selected configuration will be stored at that posi-
tion, and the instrument will return to normal operation.

3.17.3 RECALLing Configurations

Recall one of eight instrument configurations as follows:

1. Press SHIFT RECALL.
2. The instrument will respond with the following
message:

SETUP NUMBER ?

3. Press the number of the position you wish to recall (0-7),
but do not use ENTER. Keep in mind that the unit
automatically assumes the position: 1 configuration upon

power up, and that position 0 contains permanently pro-
grammed factory defaults.

4, The instrument will then return to normal operation
with the various modes programmed in accordance with
the selected recall position.

3.18 SELF TEST

The self test program is intended to check out internal cir-
cuitrty to make sure that the instrument is operating

properly.

The following paragraphs describe circuitry checked out
by the self test program and also give the procedure for
running the test.

3.18.1 Test Sequence

The instrument tests various circuits as follows:

1. The unit tests froni;ﬁanel LEDs and display annunciators
by tuming them all on at the start of the self test.

2. The hardware multiplier IC is checked for proper opera-
tion by performing a mutiplication and checking for pro-
per products.

3. The module inputs are open circuited and then read to
check for the presence of abnormal offsets.

4. The internal reference capacitance values are measured
and the values compared with those obtained when the
unit was last calibrated.

4 DATA ™
~ SHIFT : 7 8 8
7
J CJo () () W,
ault CABLE CAL CABLE # SELF TEST
4 5 6
v SAVE RECALL IEEE
ENTER 1 2 3
1/02 CiCo Cmax
BUFFER o/ 0 -
L A—B Ca—Cp VA ~VgIC-CONST. CwvsT
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3.18.2 Running the Self Test

Use the following procedure to run the self test.

1. Press SHIFT SELF TEST, - '
2. The instrument will enter the self test program, at the

start of which all front panel display segments and LEDs

will turn on to give you an opportunity check for pro-
per operation.

3. During the remaining tests, the instrtument will furn on
all LED segments.

4. If a problem is found, the instrument will display an ap-
propriate error message as summarized in Table 3-21.
Note that the instrument may be operational under
these conditions, but improper readings will probably
result. In this case, the instrument should be thoroughly
checked using the troubleshooting information located
in Section 7 of this manual.

NOTE
Perform the self test several times if an error
occurs to verify that the error is repeatable. If
an exror occurs, the message will latch into the
display. Press a key to return to normal.

Table 3-21. Self Test Messages

Message Description

MULTIPLIER FAIL j Hardware multiplier problem

Excessive offsets or reference’
capacitor problem

INVALID

3.19 MATHEMATICAL FUNCTIONS

The Model 590 has a number of mathematical functions
which can be used to analyze buffer data. The following
parairaphs describe the various mathematical functions
and how to implement them.

3.19.1 Displaying Math Functions

Math Function Display Formats

Math function display formats are summarized in Figure

* 3-48. The display is divided into three basic areas:

4 DATA A
A SHIFT 7 8 9
J (oo () ) ()

QUIT ABLE CAL CABLE # SELF TEST
q 5 5]
w SAVE RECALL 1EEE

2
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{DENTIEIER
uc* | D.DDDDE=DD /C2 | | +D.DDDV | VOLTAGE
CiCo | D.DDDDEDD /Co | [ +D.DDDV | VOLTAGE

Cuue | D.0DDD oF

cmAx[ | +p.0DDV | voLTAGE

C.-C» | D.DDDDEzDD AC | | «D.DDOV | vomace

[V.—V4IC CONST |+D.DDDDE DD AV | {+D.DDDDn | CAPACITANCE (n=nF, p=pF)

Cvst | +D.DDDDnF

AT I 1 DODDD IBUFFER LOCATION

NUMBER

Figure 3-48. Math Function Display Formats

function is a floating point number with a 4%-digit sign-
ed mantissa and a 2-digit signed exponent.

. Identifier; An identifier signifies the displayed math
function. For example, C,, in this position indicates that
a C/Cg value is being displayed.

. Voltage display: The voltage display area indicates the
bias voltage for the following four math functions: 1/C3,
CiCqs Conary and C,-C,. For the [Vo- V5] C CONST func-
tion, the display shows the capacitance value. Finally,
the voltage display indicates the buffer location being
accessed in the C vs t function. Complete information
on making C vs t measurements may be found in
paragraph 3.20.

Selection Procedure

To apply math functions to data located in the buffer and
display the result, you must first access the desired buffer
and then select the desired math function. The basic pro-
cedure is outlined below.

1. Press the BUFFER key. The instrument will prompt you
to select the desired buffer:

BUFFER A=0B=17
2, Press 0 or 1 to select buffer A or B; at this point, the

instrament will automatically enter buffer display at
location 1.

- Floating point result: The result of the selected math

3. Once you are displaying buffer data, simply press the
desired math button. For example, to display the max-
imum capacitance value in the selected buffer, press

. For those math functions which operate on individual
data points (for example, 1/C* and C,-C3), you can scroll
through buffer locations and apply the selected math
function by using the A or ¥ keys. Use ENTER or BUF-
FER to display first and last locations respectively.

. To cancel the selected math function and select another,
simply press the button for another function. Note that
you cannot have more than one function operational at
any given time.

. To return to normal buffer display, press RECALL.

. Press QUIT to return the instrument to normal display,
if desired.

[

3.19.2 Using Math Functions with the Plotter

_ The various math functions can also be used when plot-

ting data by using the basic procedure below. More detail-
ed information on plotting data may be found in paragraph
3.16. -

1. Press the plotter SETUP key repeatedly until the follow-
ing message is displayed:

PLOT TYPE

2. Press the number of the math function (plot type) you
wish to use as indicated below. Note that two of these
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functions (C vs V and G vs V) are an intrinsic part of When displaying C/Cy on the front panel, you can use A

displaying buffer contents on the front panel.

0=CwvsV
1=GvsV
2=1CvsV
3=ClCovs V
4=Cuvst

5= CA'CB vsV

6= [V.-V;] at constant C

3. Once the number of the desired plot is displayed, press
the ENTER key to select that math function for plotting.

4. As described in paragraph 3.16, select other plotter setup
parameters and generate your plot by pressing the PLOT
key.

3.19.3 Math Function Descriptions

A brief description of each available math function is given

below.

1/C?

This function inverts and squares each capacitance value
in the selected buffer and displays or plots the result. If
you are displaying buffer data on the front panel, you can
use A/'V to access each data word. The instrument will
then calculate 1/C? for each location as it is accessed and
display it along with the bias voltage at that location. A
typical example is:

+1.1000E+18 /C* —5.000V
When using this function with the plotter, the graph will

show 1/C? plotted on the Y axis versus the bias voltage on
the X axis of the graph.

CiCo
The C/Cy function calculates the ratio between the

capacitance value stored at-each location and the maximum
capacitance value presently stored in the selected buffer.

or ¥ to scroll through buffer locations. As each location
is accessed, the C/Cy value and the bias voltage will be
displayed as in this example:

1.2560 E —01 /Co 1.2500 V

When using this function with the plotter, the resulting
plot will be a graph of C/Cq vs V, with the Y axis showing

" CCg and the X axis indicating the bias voltage, V.

Coas

The C... function allows you to display the maximum
capacitance value presently stored in the selected buffer.
Note that this feature is not available for plotting.

To access this value, select the buffer you wish to access
with the BUFFER key and then press C... The instrument
will then display the maxinawm capacitance value as in this
example:

+ 1.90000E-12 CMAX 5.1000 V

CA"CB

This function subtracts each capacitance value in buffer B
from the corresponding value in buffer A. For example,
the capacitance value in location 10 of buffer B will be sub-

tracted from the capacitance value stored in location 10 of
buifer A.

If you are displaying the result of this function on the front
panel, you can used 4 or ¥ to scroll through buffer loca-
tions. As you access locations, the result of the subtrac-
tion will appear on the display along with the bias voltage
from the corresponding location of buffer A. For example,
the display might show:

-1.6746 E-12 AC 1.000V
When plotting this function, the C,-C; values will appear

on the Y axis while the buffer A bias voltage will be graph-
ed along the X axis. : S
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[V. - V3] C Const

This function displays or plots the difference between bias
voltages in buffers A and B at a constant capacitance value.
To calculate this function, the insttument searches the two
buffers and finds the closest matching capacitance value.
It then subtracts the corresponding bias voltage in buffer
B from the bias voltage in buffer A.

When displaying this function, the V,-Vj value will ap-
pear in the left display, and the constant capacitance value
will appear in the right display, as in the example below.

1.2000 E~00 AV 1.2300n

Note that the capacitance value not includes the range, by
indicating n for nF and p for pF.

When plotting this function, the V,-V; value will appear
along the Y axis and the capacitance value will be plotted
along the X axis. . : S T

CvwsVand GvwvsV

During normal buffer access, C, G, and V values are
displayed on the front panel as you scroll through buffer
locations. When plotting data, the capacitance or conduc-
tance value will appear on the Y axis, while bias voltages
will be graphed along the X axis. If series model was in
effect at the time data was taken, R vs V will be plotted
in place of G vs V.

3.20 C VS t MEASUREMENTS

The following paragraphs describe the basic principles and
procedure behind making C vs t measurements with the
Model 590. Both internal and external biasing are covered
below,

3.20.1 Internal C vs t Measurementis

C vs t Waveform

A typical Cvs t waveform is shown in Figu.re 3-49. The
top waveform shows capacitance variations with time, and
the bottom waveform shows the bias voltage.

a8 DATA N
F S SHIFT 8 9
() (CJo )

QuIT CABLE CAL CABLE # SELF TEST
4 5 _ 5]
w SAVE RECALL IEEE
ENTER 1 2 3
1/c2 C/iCq CmAax
BUFFER +/— 0 -
o
A—B Ca—Cp [VA—VRIC-CONST. CvsT
4 /
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DEFINITIONS: TIME COMPUTATION:
+=r=START TIME (PROGRAMMED) ts=toranr+ (tsrzr+I/R)
teror=STOP TIME (PROGRAMMED) WHERE: B=BUFFER LOCATION #
terer=STEP TIME (PROGRAMMED) ts=TIME AT BUFFER LOCATION
t=READING INTERVAL=t,r-+/R NOTE: MULTIPLY PROGRAMMED TIMES BY 1.024 TO OBTAIN AGTUAL TIMES

(R=READING RATE}

1y

-8

A. CAPACITANCE

FIRST
BIAS
oV — —-_J—___H“_____w___mmm._—..m___
DEFAULT
BIAS
r[_
SWEEP .- -
START

B. BIAS VOLTAGE

Figure 3-49. C vs t Waveform
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Table 3-22. Internal C vs t Setup Conditions

Parameter Description Comments B
Waveform | DC ' )
Reading Rate| 1, 10, 75 or 1000/sec| Rate determines intervals
Start Time | Imsec to 65sec*
Stop Time | Imsec to 65sec™
Step Time | Ilmsec to 65sec* Determines interval
Default Bias | —20V to +20V Bias before/after sweep
First Bias —20V to +20V Bias during sweep
Count #Readings per sweep,| As required

1-450 (1,350 at

1,000/sec)

*Programmed times must be multiplied by 1.024 to obtain actual

Himes.

Bias Waveform and Parameters

Parameters necessary for internal C vs t measurements are
summarized in Table 3-22. These parameters are further
described below.

Waveform Type: A DC bias waveform should be selected
for internal C vs t measurements. '

Reading Rate: The reading rate and the step time deter-
mine the time interval between individual readings.

Default Bias: The bias voltage setting both before and after
a reading sweep. Typically, the default bias might be set
to 0V, but any other value in the range of —20V to +20V
in 5mV steps may be used, as required.

First Bias: The bias voltage setting during a C vs t measure-
ment sweep. The first bias value may be set to any value
in the range of —20V to +20V with 5mV resolution.

Step Time: The time interval after one reading before a
measurement actually begins. You may program any step
time in the range of Imsec to 65sec with Imsec resolution.
Although no bias step actually occurs for a DC bias
waveform, this time period is considered to be an integral
part of the time interval between individual measurements,
as described below.

Start Time: The start time is a programmable initial delay
period after the sweep is triggered before the instrument

begins the first reading interval. That reading interval is

the sum of the programmed step time and the reciprocal
of the reading rate.

Stop Time: An additional delay period added to the last
measurement interval before the imstrument returns the
bias voltage to the default value.

Count: The number of readings to take during the sweep.

C vs t Setup

Use the procedure below toset up the instrument for in-
ternal C vs t measurements.

1. Select the desired measurement frequency by pressing
FREQ. Keep in mind that cable correction should be
used at TMHz.

2. Select the desired model, filter, and zero states with ap-
propriate keys. Note that the filter increases instrument
response time to rapidly changing capacitance values.

3. Select the desired reading rate with the RATE key.
Remember that the interval between readings is the sum
of the programmed step time and the reciprocal of the
reading rate.

4. Select the desired ran%.:e; remember to choose a range
that is sufficiently high to measure the maximum ex-
pected capacitance value.

5. Using the MODE key, select the sweep trigger mode.

6. Use WAVEFORM to select the DC waveform type
necessary to take C vs t measurements.

7. Program the desired start, stop, and step times with the
PARAMETER key.

8. In a simjlar manner, program your desired default and
first bias values. As discussed above, the default bias
will be app]ied to the circuit under test before the sweep,
and the first bias voltage will be applied to the test cir-
cuit during the sweep.
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9. Program the number of readings with the COUNT para-

meter.

Taking C vs t Data

Once you have the instrument set up properly, taking data
is simply a matter of connecting your test circuit to the in-
strument and triggering a sweep. Make sure the bias
voltage is turned on before initiating the sweep. To trig-
ger a reading, press the MANUAL key (or use the pro-
grarcm’ted iniger stimulus, if degired). The instrument will

e through the programimed sweep sequence, taking
data at intervals determined by the reading rate and pro-
grammed step time.

Once the sweep is complete, iransfer the data from buffer
A to buffer B for safe keeping by pressing the A — B key.

Doing so will prevent your data from being lost should you
inadvertently trigger another sweep.

Displaying and Computing C vs t Information

Once you have taken data, C vs t information can be
displayed as follows:

. 1. Press the BUFFER key and select buffer B at the prompt
(assuming you transfered data from buffer A to buffer B).

2. Press the C vs t key and then use A or ¥ to display
data at the desired buffer location. Figure 3-50 shows
the format for C vs t display.

3. Compute the actual time information at the display loca-
tion as follows:

te = 1.024tsmn + (1.024f0ep +1/R) (B)

Where: t; = time at a specific buffer location
tawr = programmed start time

tm = programmed step time
g ctua%r reading rate

B displayed buffer location number
1.024 = multiplying factor to obfain actual times

NOTE _ .
Programmed times must be multiplied by
1.024 to obtain actual times.

C vs t Display Example

" Assume the following programmed parameters:

Start time: 50msec
Stop time: 50msec
Step time: 20msec
Reading rate: 75/sec
Buffer location: 100

The cumulative time at buffer location 100 cai be calculated
as follows:

16 = 1.0244strt + (1.024%ep +1/R) (B)
tio == 51.2msec + (20.48msec1/75) (100)

two = 2.1sec

C vs t Plotting

You can plot C vs t information by selection plot type 4
with the SETUP key, then generate your plot in the usual
manner (see paragraph 3.16). The Y axis displays capaci-
tance, while the X axis displays buffer location numbers;
you can compute time data using the formula in step 3
above.
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MODEL 580
CV ANALYZER

LB[AS SOURCE CONNECTING CABLE TRIGGER CONNECTING CABLE
\ d v,
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WARBNING:
HAZARDOUS VOLTAGE
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AT TEST OUTPUT
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e
MODEL 230
VOLTAGE SOURCE
EXTERNAL TRIGGER

QUTPUT

Figure 3-50. External C vs t Connections
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Table 3-23. External C vs t Setup Conditions

Parameter Description Comments
Waveform | External
Reading Rate| 1, 10, 75 or 1000/sec| Rate determines intervals
Start Time | 1msec to 65sec*
Stop Time | 1msec to 65sec*
Step Time | lmsec to 65sec* Determines interval
Default Bias | As required Supplied by external source
First Bias As required Supplied by external source
Count #Readings per sweep | As required

1-450 (1,350 at

1,000/sec)

*Multiply programmed times by 1.024 to obtain actual times.

3.20.2 External C vs t Measurements

External C vs t measurements are performed in a manner
similar to that used for internal C vs t measurements, ex-
cept, of course, for the fact that an external bias source is
used. The following paragraphs cover the fundamental
principles for making such measurements. The basic
waveform and parameters shown on Figure 3-49 still apply,
although the bias voltages will be generated externally in-
stead of infernally.

Parameters

Parameters associated with external C vs t measurements
are summarized in Table 3-23 and discussed below.
Waveform: An external waveform must be selected in
order to use an external bias source. :

Reading Rate: The reading rate and step time determine
the interval between measurements.

Default and First Bias: These voltages are supplied by an
external voltage source instead of being generated
internally.

Start, Step, and Stop Times: These times can be pro-
grammed for external C vs t measurements. The start time

gives an additional delay during the first measurement

period, and the stop time provides additional delay at the

end of the last measurement period of the sweep. The step. _

time and reading rate determine the interval, t; between
individual readings as follows:

t=1.024tuep +1/R

Where: t; = interval between readings
trp = programmed step time
R = selected reading rate

Count: Set the parameter to the desired number of
readings.

Connections

The exact connecting method used for external C vs t
measurements will, of course, depend on the type of bias
source. Figure 3-51 shows typical connections for using a
Keithley Model 230 Voltage Source in conjunction with the
590. Note that all connections should be made with suitable
shielded cable.

UNITS

)
[+0.0DDD nF a1 | | obppp
MANTISSA Cuvst BUFFER
IDENTIFIER LOCATION
INDEX

Figure 3-51. C vs t Display Format
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Make cormmections as follows:

1. Connect the 230 TRIGGER QUTPUT to th

AL A% S s LD

GER INPUT.
2. Connect the 230 COMMON and QUTPUT to the 590
VOLTAGE BIAS INPUT. The cable shield should be
connected to the 230 COMMON terminal.
3. The circuit under test must be connected to the front
panel test INPUT and OUTPUT jacks on
shown on diagram), ,

{4
9]

90 TRIG-

WARNING
Hazardous voltage may be present at the test
QUTPUT jack when using an external bias
source.

590 Setup
Program the Model 590 as follows:

1. Select the range, frequency, model, filter, and zero, as
required. ’

2. Using the WAVEFORM key, select the external
waveform. Also select external-trigger.- _. ~

3. Program start, stop, step times, number of readings, and
reading rate, as required. '

4. Turn on the bias voltage by pressing the BIAS ON key.

bias

230 Setup

Program the Model 230 voltage source as indicated below.
Consult the Model 230 Instruction Manual for details on
instrument programmming.

a

the 590 (not

1. Program memory location 2 with the desired default
_voltage value.

. Program memory

value.

3. Program the memory location 2 dwell time for the
desired time duration of the default voltage.

4. Program the memory location 3 dwell time for a dura-
tion equal to the 590 reading sweep. The duration of
that sweep will depend on the selected reading rate and
the programmed start, step, and stop times, as well as
the programmed number of readings.

5. Program memory location 4 with a dwell time of Omsec.

. Select the single program mode, then press the RESET
button to return the unit to location 1.

(22

Taking C vs £ Data

To take data, turn on the Model 230 output and press the
START/STOP button. The Model 230 will then apply the
default voltage value for the specified dwell time. At the
end of this period, the Model 230 will trigger the Model
590 to begin its measurement sweep and apply the first
bias value. The Model 590 will then take the readings at
intervals determined by the start, stop, and step times, as
well as the selected reading rate.

Displaying C vs t Information

First transfer data to buffer B for safe keeping, then access
buffer B with the BUFFER key. Press C vs { to display the
buffer location index, then used & or ¥ to display the
desired location. Actual time information at a given loca-
tion can be computed as discussed in paragraph 3.20.1.
Figure 3-51 shows the C vs t format.
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(" DATA N
-~ SHIFT 7 8 9
% %
J (o @ W, ()
QuUIT CABLE CAL CABLE # SELF TEST
5 6
v SAVE RECALL [EEE
ENTER 1 2 3
1c2 CiCq Cmax
BUFFER /e 0 -
A-B CA—CR  [VA—-VBIC-CONST. CuwsT
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Table 3-24. Summary of Cable Correction Methods

Method Description Comments
Driving point Measure open ended cable | Front panel or bus
Matrix parameters| Program known matrix IEEE~488 bus only™
parameter
Calibration Measure accurate capa- IEEE~488 bus only*
capacitor citance sources
*See paragraph 4.11

3.21 CABLE CORRECTION

The following paragraphs describe the procedures and
principles behind using cable correction with the Model
590. Cable correctionis especially important at 1Mz, and
it can also be used for 100kHZ tests.

3.21.1 Cable Correction Methods

Basically, there are three different methods of correction
available in the Model 590, as summarized in Table 3-24.
Of these, only the driving point method is available from

the front panel; the remaining methods are available only

over the IEEE-488 bus, and are discussed in detail in para-
graph 4.11.

Available methods of correction include:

Driving Point Method

This method involves a driving point admittance measure-
ment of an open-ended cable, from which cable correction
terms are calculated and then applied to subsequent
measurements.

‘The disadvantages of this method are that only simple

transmission paths can be used for measurement, and that
compensation cannot be made for errors due to cable loss
or test fixture shunt capacitance.
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Matrix Parameter Method

With this method, the instrument is programmed with
complex values representing the transmission line matrix
parameters of the cable. These parameters are determin-
ed by measuring certain transmission line characteristics
with an LCR meter and a network analyzer. Once para-
meters are programmed, the instrument automatically
calcuates the necessary correction constants for use in com-
pensating subsequent measurements. '

Unlike the driving point method, the matrix parameter
method can be used to compensate for complex transmis-
sion paths such as relay switching matrices. Refer to
paragraph 4.11 for detailed information on this method of
cable correction.

Calibration Capacitor Method

The calibration capacitor method is performed by connect-
ing precisely known capacitance sources in place of the test

fixture. The actual capacitance values are then programmed

over the IEEE-488 bus, after which the instrument can per-
form the necessary correction when making measure-
ments.

Like the matrix parameter method, the calibration capacitor
method can compensate for signal paths through a switch-
ing matrix or multiple cables and is available only over the
TEEE-488 bus (see paragraph 4.11). T

3.21.2 Front Panel Cable Correction

Use the following procedure to perform cable correction
using the driving point procedure described above.

1. Turn on the power and allow the instrument to warm
up for at least one hour before performing the cable
calibration procedure.

2. Press FREQ to select desired frequency.

3. Using RANGE, select the 2nF range, then press CAL.

4. Connect two identical RG-58 cables of equal length to
the front panel of the instrument as shown in Figure
3-52. Note that the opposite end of the cable connected

to INPUT must be left open during the cable correc- |
tion process.

. Press SHIFT CABLE CAL to initiate cable correction,

a process that will take a couple of seconds to complete.

. Following the correction process, the instrument will

prompt you as to whether or not you wish to store the
cable correction constants just-measured:

UPDATE N=0Y=17?

. K-you do not-wish to store cable calibration, press 0.

The unit will then return to normal operation with the
new cable constants temporarily in effect. These con-

* stants will, however, be lost if the power is turned off-
. To store cable calibration for future use, press 1 at the

update prompt. The unit will then prompt you for a
cable position number:

CABLE NUMBER ?

. Select the position to save current cable calibration

(1-7}. The unit will then return to normal operation

-- with the new cable correction constants in effect.

10.

Connect your test fixture to the open-end test cables
ahd make your measurements in the normal manner.
Cable correction constants measured and calcudated us-
ing this procedure will be applied to subsequent
measurements.

NOTES:

1

2.

To cancel cable correction, select CABLE #) as discuss-
ed in the following paragraph.

Cable correction must be performed on the 2nF range,
as discussed above.

Both cables must be of equal length and of identical
construction, or errors in correction will result. Max-
imum length for each cable is five meters.

The driving point method of cable correction discuss-
ed here is not intended for use in systems with multi-
ple cables or relay switching matrices. See paragraph
4.11 for methods that can be used with complex setups.
Cable correction reduces the dynamic range of capaci-
tance and conductance measurements.
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Figure 3-52. Connections for Cable Correction

3.21.3 Recalling Cable Correction Constants

Cable correction constants can be recalled with the CABLE
# key by using the procedure below. This procedure recalls
constants stored by all three methods.

1. Select frequency (100kHz or IMHz).

2. Press SHIFT CABLE #. The Model 590 will prompt for
a cable number to recall:

CABLE NUMBER ?

3. Press the cable number you wish to recall (0-7). Note~

that selecting cable number 0 effectively disables cable
correction, while cable numbers 1-7 contain user-defined
parameters.

4. After you select the desired cable number, the instru-
ment will return to normal operation with the new cor-

rection parameters in effect. These parameters will re- -

main in effect until power is removed, or until cable
number 0 is recalled.,

3.21.4 Cable Correction Considerations

The driving point-cable correction algorithm described
above makes the following assumptions:

1. The characteristic impedance of both cables connected to
the test INPUT and OUTPUT jacks is 508.

2. Cable loss is zero.
3. Both cables are of exactly the same length.

If cable calibration is performed with deviations from the
above standards, errors can be expected in readings taken
with those constants. In particular, variations in Z, and
cable losses are more detrimental with longer cables. Thus,
to minimize errors due to these factors, use the shortest
cables possible,

Another factor that can lead to errors is test fixture shunt
capacitance. For example, a shunt capacitance of 50pF
could add an additional error of up to 0.25%. To minimize
errors due to shunt capacitance, use a test fixture of good,
low-capacity design. In particular, prober shields should
be carried through as close to the wafer as possible.
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3.21.5 Fundamentals of Cable Correction

A cable, acting as a transmission line, can be modeled as

a two-port network, as shown in Figure 3-53. The transmis-

sion or ABCD parameters of such a network are defined

as follows:
V. A B v, |
I, C D -I

It

v,

Where T is the transmission matrix.

In the case of a umformly distributed transmission lme,

the transmission matrix, Ty , becomes:

coshivf)  Zsinh{f)
Z;* sinh(vf) cosh(+)

Where the transmission line parameters are:

Zo = characteristic impedance

f = length

v = a+jB = the propogation constant
« = the attenuation constant

8 = the phase constant

If we assume a lossless transmission line, the above matrix
reduces to:

cos(B9)
Z,™ sin (89)

jZo sin(B9)
cos(B9)

A further assumption is that the two transmission cables
are identical. Thus, the tranmission matrix parameters can
be applied to a measurement to compute a corrected
measurement as follows: ' '

1. KZ
Zc- = g
Ky

Where: Z; = corrected impedance
Zy = actual measured impedance
K1 - AD
K:=BA+D

In this case, A, B, and D are the transmission line matrix
parameters, as described above.

Once the corrected impedance is known, corrected C and
G (or R) values can be easily computed.

V. v,

TWO-PORT
NETWORK

Figure 3-53. Two-Port Network

3.22 ANALOG OQUTPUTS

The Model 590 has analog outputs for the capacitance and
conductance readings. Bach output provides a scaled
voltage that is analogous to the capacitance or conductance
reading. Use and characteristics of these two outputs are
discussed in the following paragraphs.

3.22.1 Analog Output Connections

The analog output BNC connectors are located on the rear
panel of the instrument, as shown in Figure 3-54. The
CAPACITANCE output provides a scaled 0-2V (0 to 0.2V,
2pF, 100kHz range) for the capacitance reading. In a similar
manner, the CONDUCTANCE output provides a scaled
0-2V (0 to 0.2V, 2uS, 100kHz range) for the conductance
reading. Figure 3-54 also shows typical connections for the
outputs; in this instance, connections to the
CAPACITANCE output are shown, Note that the center
conductor is high, and the outer nng is low.
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WARNING
Analog output low is connected to analog com-
meon which can be floated up to 30V RMS above
chassis ground only when the grounding switch
is in the floating position. Exceeding 30V RMS
may create a shock hazard.

NOTES:

1. Shielded cable should be used for analog output con-
nections to minimize the possibility of EMI suceptabili-
ty. Connect the shield to analog output low as well as

the low terminal of the measuring device, as shown in
Figure 3-54.

2. The output impedance of each analog output i.s 11<Q.- To _

minimize errors due to loading, the input impedance
of the measuring device should be as high as possible.
For example, to keep the error due to loading under
0.1%, the input impedance should be at least-IM(.

3. The BIAS VOLTAGE MONITOR output is covered

separately in paragraph 3.14.

3.22.2 Analog Qutiput Scaling

As mentioned previously, each analog output provides a
scaled voltage which is analogous to the capacitance or con-
ductance reading. Table 3-25 summarizes full scale analog
output values for various ranges with both measurement
frequencies (conductance ranges for the two frequencies
differ). Table 3-26 gives some examples of analog output
values with specific capacitance and conductance readings.

NOTES:

1. Full scale readings for rated accuracy are limited to
20,000 counts, corresponding to a 2V full scale value at
the analog outputs. However, actual full scale readings

~ per readings.

can be as high as +21,999 counts. The analog outputs
will reflect the maximum reading shown on the display,
but with typical accuracy above -+20,000 counts.

2. An on range analog output voltage may be present if
a module overload condition occurs. This value should
be considered as erroneous. To verify that an analog out-
put value is valid, check the front panel display for pro-

Table 3-25. Analog Qutput Full Scale Values

100kHz Range | IMHz Range | Full Scale Qutput*
2pF/2uS 200mV
20pFi20uS 20pF/2004S pAY
200pF/200pS | 200pF/2mS '

2mS 120mS 2V
20nF/20mS** pAY

*Value for 20,000 count accuracy limit shown. Actual full

scale value is approximately +22,000 counts.
**5904 adapter required.

Table 3-26. Analog Output Examples

Analog Output
Values
(Capacitance/
Range Display Reading Conductance)
20pF/204S 12pF/16uS 1.2V/1.6V
200pF/200uS | 190pF/50pS 1.9v/0.5V
20F/2mS 1.InF/1.8m5 1.1V/1.8V
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3.22.3 Typical Analog Output Uses

The analog outputs can be used with any measuring device
capable of handling the nominal 0-2V output values.
Typical examples include a DC voltmeter or DMM to
monitor the voltage levels, a chart recorder to graph
capacitance or conductance versus time, and an XY plot-
ter to plot C or G versus the bias voltage, V. In the latter
instance, the X input of the plotter would be connected

to the BIAS MONITOCR jack of the 590, while the Y input-
would be connected to.the CAPACTTANCE or CONDUC-.

TANCE analog output depending on the desired plot.-

NOTE
Analog plotting with this method must be done
in real time as there is no provision for transmit-
ting buffer data through tge analog outputs.

3.23 MEASUREMENT CONSIDERATIONS

The following paragraphs discuss some measurement con-
siderations to take into account when using the Model 590.

3.23.1 Ground Loops

Ground loops that occur in multiple-instrument test set-
ups can create error signals that cause erratic or inaccurate
measurements. For example, the configuration shown in
Figure 3-55 introduces errors in two ways. Large ground
currents flowing in one of the wires will encounter small
resistances, either in one of the wires, or at the connec-
ting points. This small resistance results in voltage drops
that can affect the measurement. Even if the ground loop
currents are small, magnetic flux cutting across the large
loops formed by the ground leads can induce sufficient
voltages to disturb sensitive measurements.

SIGNAL
LEADS

INSTRUMENT \ INSTRUMENT

O O
A B Cc

- - &

Ty T | SR

—y——

TYPICAL GROUND LOOP )

INSTRUMENT

CAUSES CURRENT FLOW
IN A SIGNAL LEAD

N — — ¢
POWER LINE GROUND —

Figure 3-55. Multiple Ground Points Create a
Ground Loop

To prevent ground loops, instruments should be connected
to ground only at a single point, as shown in Figure 3-56.
Note that only a single instrument is connected directly
to power line ground.

INSTRUMENT INSTRUMENT INSTRUMENT
A o B O o C
POWER LINE GROUND L

Figure 3-56. Eliminating Ground Loop
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Another way to eliminate ground loops with the Mod-
el 590 is to operate the instrument with analog com-
mon floating. To do so, place the rear panel grounding
switch in the floating position. Regardless of the meth-
od used, experimentation is the best way to determine

an acceptable arrangement. To determine the best

method, place the instrument on its lowest range. The
configuration that results in the lowest noise 51gna1 is
the one that should be used.

3.23.2 Electromagnetic Interface (EMI)

The electromagnetic interference characteristics of the

Model 590 CV Analyzer comply with the electromagnetic

compatibility (EMC) requirements of the European
Unjon as denoted by the CE mark. However, itis still pos-
sible for sensitive measurements to be affected by exter-
nal sources, In these instances, special precautions may be
required in the measurement setup.

Sources of EMI include:

* radio and television broadcast fransmitters

» communictions transmitters, including cellular
phones and handheld radios

* devices incorporating microprocessors and high
speed digital circuits

e impulse sources as in the case of arcing in high-
voltage environments

The effect on instrument performance can be consider-
able if enough of the unwanted signal is present. The
effects of EMI can be segn as an unusually large offset,

or, in the case of impulse sources, erratic variations in

the displayed reading.

The itistrument, test leads, and test fixture should be
kept as far away as possible from any EMI sources. Ad-
ditional shielding of the instrument, experiment, and
test leads will often reduce EMI to an acceptable level.
In extreme cases, a specially constructed screen room
may be required to sufficiently attenuate the trouble-
some signal.

Careful wafer fixture construction and shielding are

paramount in the reduction of EMI and noisé in gener-

al. In many instances, a farady shield that completely
surrounds the wafer chuck may be necessary to reduce

the effects of EMI. This shield should be insulated from’
the test fixture ground and must be connected to ana-

log commeon of the instrument.

Often, the internal filtering of the instrument may suf-
ficiently reduce the effectsof EMI. In addition to the an-
alog filter (controlled by the FILTER button), judicious
selection of the reading rate will also have positive ef-

_ fects on the measurement. The slowest reading rate has
_ the most digital filtering and thus would be the rate to

use when attempting to reduce EMI effects.

3.23.3 Parasitic Caﬁacitance

Parasitic or unwanted capacitance appearing in the test
cables or fixture can seriously affect the accuracy of
measurements made with virtually and instrument.
Since the Model 590 measures capacitance, however,
measurements made with this instrumentcan be par-

" “ticularly sensitive to such parasitic capacitance. The

way that-capacitance is distributed determines the ef-
fects of this unwanted capacitance.

Shunt Capacitance

Shunt capacitance appearing between the high and

low terminals of the test INPUT jack can increase noise =

seen in the readings.

. Inthe equivalent circuit of Figure 3-57, the shunt capac-
_ itance is represented by C,. Note that C; appears be-

tween the high and low terminals of the INPUT jack.
The primary source of C; It most Situations is the dis-
tributed capacitance of the test cables. Thus, the follow-
ing steps can be taken to minimize shunt capacitance:

1. Keep the cables as short as possible.

2. Use only low-capacitance cbale (RG-58).

3. Keep the number of connectors to a minimum.

4. Use at est fixture with good, low-capacitance de-
Sign.

Parallel Capacitance

Parallel capacitance across the device being tested is

- generally a more serious problem because the two val-
 ues will combine, leading to erroneous measurements.

In the circuit of Figure 3-57, the parallel capacitance is

. represented by Cp. Careful test fixture design is neces-

sary to minimize any such parallel capacitane that
hxght upset the measurement.

"Two ways to minimize pa.ra]lel capac1tance are:

1. Shield the probes as close to the wafer as possiblé.

2. Incorporate a farady shield, connected to analog
common, around the wafer.
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Figure 3-57. Parasitic Capacitance

3.23.4 Cable Transmission Line Effects

When measuring at IMHz, the coaxjal cable acts like a tran-
mission line, and it can seriously affect measurements
unless care is taken to minimize and compensate for these
effects. While transmission line theory is llfeyond the scope
of this discussion, there are a number of steps you can take
{0 keep measurement- errors due to transmission line ef-
fects to a minimum. These precautions include:

1. Use cable correction, especially when measuring at
1MFHz (see paragraphs 3.21 and 4.11).

2. Keep the test cables as short-as possible. Maximum
recommended cable length is five meters per cable.

3. Use only the prescribed cable for test connections
(RG-58).

4. Match impedances between the instrument, cables, and
connectors as closely as possible. The nominal im-
pedance is 500, and should be matched as closely as
possible.

5. Keep the number of discrete connections in the test
system fo an absolute minimum. No matter how careful-
ly you attempt to match impedances, some small
mismatch at each connecting point is almost inevitable.
The more connections, the “lumpier’” the transmission
path becomes. Thus, it would be better to use one con-
tinuous length of cable instead of several shorter cables.
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IEEE-488 PROGEIAMMING

4.1 INTRODUCTION

This Section contains information on programming the
Model 590 over the JEEE~488 bus. Detailed insiructions for

all programmable funictions are included; however, infor-
mation concerning operating modes presented elsewhere
is not repeated here. Refer to Sections 2 and 3 for infor-

mation not found in this section.

General information on the IEEE-488 bus is located in the
Appendix.

4.2 A Short-cut to IEEE-488 Operation: Gives a simple

step-by-step procedure for getting on the bus as quickly

as possible. :

- 4.3 Bus Connections: Shows typical methods for con-

necting the instrument to the bus.

4.4 Interface Function Codes: Defines IEEE standard

A EN e Ty +4 #ha Incbmimant
Coaes mat appLy i0 ne msuument. .

4.5 Primary Address Selection: Tells how to program the
instrument for the correct primary address.

BN R Y R TYasm namodunfns ofweasa] o smwn
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gramming techniques for typical IEEE-488 controliers.

4.7 Front Panel Aspects of IEEE-488 Operation:
Describes the operation of the LOCAL key and bus status

JEE W, P S P Ay T Py

J-F. | S R, . | &4 = PR A
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may occur during bus operation.

4.8 General Bus Command Programming: Quilines
methods for sending general bus commands to the
instrument.

4.9 Device-Dependent Commands: Contains descriptions
of most of the programming commands used to control

the instrument over the bus.

4.10 Using the Translator: Describes an alternate pro-
gramau‘ng method of using easily recognized user-
efined words in place of device-dependent commands.

4.11 Cable Correction: Describes driving point, matrix
parameter, and calibration capacitor methods of cable
correction.

'4.12 Programming Examples: Gives examples for pro-
gramming the instrument to take one-point measure-
- ments, plot data, and generate C vs t information.

4,13 Bus Data Transmission Times: Gives typical times
when accessing instrument data over the bus.

" 4.2 A SHORT-CUT TO IEEE-488 OPERATION

The paragraphs below will take you through a step-by-step
procedure to get your Model 590 on the bus as quickly as
possible and program basic operating modes. Refer to the
remainder of gecﬁon 4 for detailed information on IEEE-488

- operation and programming.

Step 1: Connect Your Model 590 to the Controlier
With power off, connect the Model 590 to the [EEE-488 in-

terface of the controller using a standard interface cable.
Some controllers such as the HP-85 include an integral
cable, while others require a separate cable. Paragraph 4.3

discusses bus connections in more detail.

Step 2: Select the Primary Address

Much like your home address, the primary address is a
way for the controller to refer fo each device on the bus
individually. Consequently, the primary address of your
Model 590 (and any other devices on the bus, for that mat-
ter), must be the same as the primary address specified
in the controller’s programming language, or you will not
be able to program instrument operating modes and ob-
tain data over the bus. Keep in mind that each device on
the bus must have a different primary address.

The primary address of your Model 590 is set to 15 at the
factory, but you can program other values between { and
30 by pressing SHIFT IFEE and then using the numeric
keys to change the primary address. Once the desired

value is displayed, press ENTER to program the value.
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More detailed information on primary address selection is
located in paragraph 4.5.

Step 3: Write Your Program

Even the most basic operations will require that you write
a simple program to send commands and read back data
from the instrument. Figure 4-1 shows a basic flow chart
that a typical simple program will follow. The program-
ming example below follows this general sequence. This
program will allow you to type in command strings to pro-
gram the instrument and display data on the HP-85 com-
puter CRT.

{ START)

PLACE UNIT
IN REMOTE

PROGRAM
OPERATING
MODES

REQUEST
DATA FROM
590

DISPLAY
DATA

END
PROGRAM?

Figure 4-1. Typical Program Flow Chart

Programming Example--Use the simple HP-85 program
below to send programming commands to the Model 590

“and display the data string on the computer CRT.

PROGRAM COMMENTS

16 REMOTE V15 Send remote enable.

2@ DISP £ ¢ COMMEMND? * ; Prompt for command string.
@ IMPUT C# Input the command string.
48 OUTPUT 7155 GF Send command string to 590.

S ENTER F15: AF Get a reading from the
nstrument.

&8 DISP A% Display the reading.

TE GOTO 28 Repeat.

28 EMD

Step 4: Program Model 590 Operating Modes

You can program instrument operating modes by sending
the appropriate command, which is made up of an ASCII
letter representing the command, followed by one or more

numbers for the command option(s). Table 4-1 summarizes

the most often used Model 590 commands.

A number of commands can be grouped together in one
string, if desired. Also, you must terminate the command
or command string with the X character in order for the
instrument to execute the commands in question.

If you are using the programming example from Step 3
above, simply type in the command string when prompted
to do so. Some example strings are given below.

FOROX Select 100kHz, autorange.

PON1X Turn filter off, bias on.

S4R9X Select 1/sec reading rate, turn autorange off.
T0,1X Select sweep on talk trigger mode and source.

NOTE
The HP-85 uses a comma to delimit its INPUT
statement, the same character used to~delimit
multiple-option 590 commands. Place quotes
around the input string when typing in multiple-
option commands.
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Table 4-1. Summary of Most Often Used IEEE-488 Commands

Mode Command Description
Frequency FO 100kFz
Fl 1MHz
r2 Disconnect test signal from jacks
Range 100kH=z 1MHz
RO Autorangeon  Autorange on
R1. 2p/2uS 20pF /20005
RrR2 20pF/20uS 20pF/200uS
R3 -{200pF/200uS 200pF/2mS
R4 2nF 2nF/20mS
R5 R1x10 Error
Ré6 R2x10 Error
R7 R3x10 Error
R§  |Rax10 Error
R9 Autorange off  Autorange off
Reading Rate S0 1000 readings/sec
51 75 readings/sec
s2 "|18 readings/sec
S3- 10 readings/sec
54 1 reading/sec
Trigger Mode and Source 10,0 One-shot talk
T0,1  |Sweep, talk
T1,0 One-shot, GET
T1,1 Sweep, GET
T2,0 One-shot, X
T2,1 Sweep, X
T3,0. .  |One-shot, external
T3,1 Sweep, external
T4,0 One-shot, front panel
T4,1 Sweep, front panel
Zero Z0 Zero off
Z1 . |Zero on
Filter PO . . |Filter off
Pl . |Filteron
Bias Voltage V (first) first = first bias;
{last) last = last bias;
(,step) step =step bias; -
(defanlt) |defaulti=defaultbias;
(count) [-20.000<V <+20.000V. 1 < count < 450 (1,350 at 1,000/sec)
Wavetorm and Times W (waveform) |lmsec £T < 65sec. ..~ g ; :
(,start) (stop) {Waveform= 0:DC
(,step) 1: Single staircase
2: Dual staircase
3: Pulse train
4: External bias source o
Bias Voltage Control NO Bias source off o

N1

Bias source on

NOTE: See Table 4-9 on page 4-18 for a complete summary of device-dependent commands.
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Step 5: Trigger a Sweep

Usually, you will require a complete set of readings: in
other words, a sweep. To initiate that sweep, it will be
necessary for you to trigger the instrument. The trigger
stimulus will depend on the programmed trigger source.
For example, you can send the string ““T2,1X"" to program
the sweep on X mode and at the same time trigger a sweep.

Step 6: Get Readings from the Medel 590

Usually, you will want to obtain one or more readings from
the Model 590. In the example programs above, a single
reading is requested and displayed after each command.

In other cases, you may wish to program the instrument
configuration at the beginning of your program, wait for
a sweep to be completed, and then obtain a whole series
of readings.

The basic reading string that the Model 590 serids over the
bus is in ASCII characters of the form:
NCSK +1.2345E-09

where:

NCSK is the prefix (N =normal, C=capacitance, S = series,
K=100kHz).

+1.2345 is the mantissa of the reading.

E—-09 is the exponent.

Note that a variety of data formats are available, as dis-
cussed in paragraph 4.9.

4.3 BUS CONNECTIONS

4.3.1 Bus Connector

The Model 59(} is intended to be connected to the IEEE-488

bus through a cable equipped with standard [EEE-488 con-
nectors, an example of which is shown in Figure 4-2. The
connector is designed to be stacked to allow a number of
parallel connections at one instrument. Two screws are
located on each connector to ensure that connections re-
main secure. Current standards call for metric threads,
which are identified with dark-colored screws. Earlier ver-
sions had different screws, which wete silver colored. Do
not attempt to use these type of connectors on the Model
590, which is designed for metric threads.

3

Figure 4-2. IEEE-488 Connector

- .4.3.2 Multiple Connections

A typical connecting scheme for a2 multiple-instrument test
setup is shown in Figure 4-3. Although any number of con-
nectors could theoretically be stacked on one instrument,

- it is recommended that you stack no more than three con-
_ nectors on any one unit to avoid possible mechanical

damage

INSTRUMENT INSTRUMENT

INSTRUMENT

CONTROLLER

Figure 4-3. IEEE-488 Connections
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4.3.3 Recommended Cables

In order to minimize interference caused by elec-
tromagnetic radiation, it is recommended that only shield-
ed IEEE-488 cables be used. The Models 7007-1 and 7007-2
shielded IEEE-488 cables are available from Keithley In-
struments, Inc. : o

4.3.4 Connection Procedure

Connect the Model 590 to the IEEE-488 bus as follows:

1. Line up the cable connector with the connector located
on the rear panel of the instrument. The connector is
designed so that it will fit only one way. Figure 4-4
shows the location of the IEEE-488 connector on the
instrument.

2. Tighten the screws securely, but do not overtighten
them.

3. Add additional connectors from other instruments, as
required.

4. Make certain that the other end of the cable is properly
connected to the controller. Most controllers are equip-
ped with an JEEE-488 style connector, but a few may

require a different type of connecting cable. Consult the
instruction manual for your controller for the proper con-
necting method.

4.3.5 Bus Limitations

The JEEE-488 bus is limited to a maximum of 15 devices,
including the controller. The maximum cable length is 20
meters, or 2 meters times the number of devices, which
ever is less. Failure to observe these limits may result in
erratic bus operation.

4.3.6 Contact Aséignments

Custom cables may be constructed by using the informa-
tion in Table 4-2 and Figure 4-5. Table 4-2 lists the contact
assignments for the bus, and Figure 4-5 shows the contact
configuration.

MEE 4l WTENFACE
ACORESS ONTIRED WATH
FRONT PANEL SHIFT "4

§3:22235F4H35:

|EEE-488 CONNECTOR

Figure 4-4. IEEE-488 Connector Location
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Table 4-2. IEEE Contact Designations

Contact
Number | IEEE-488 Designation Type
1 DIO1 Data
2 DIO2 Data
3 | DIO3 Data
4 DIO4 Data
5 EQL (20* Management
6 - | DAV Handshake
7 NRFD Handshake
8 NDAC - Handshake
9. |IFC Management
10 SRQ Management -
11 ATN Management
2 SHIELD Ground
13 DIO5 Data
14 DIO6 Data
15 DIO7 Data
16 DIOS8 Data
17 REN (24)* Management
18 Gnd, (6)* Ground
19 Gnd, (7)* Ground
20 Gnd, (8)* Ground
21 Gnd, (9)* Ground
22 Gnd, (10)* Ground
23 . | Gnd, (11)* Ground
24 Gnd, LOGIC Ground

*Numbers in parenthesis refer to signal ground return
of referenced contact number. EOI and REN signal lines
return on contact 24.

CONTACT 12 —\ /— CONTACT 1

L r LY C
CONTACT 24 _/ L CONTACT 13

Figure 4-5. Contact Assignments

4.4 INTERFACE FUNCTION CODES

The interface function codes, which are part of the IEEE-488
standards, define an instrument’s ability to support various
interface functions, and they should not be confused with

programming commands found elsewhere in this manual.
Interface function codes for the Model 590 are listed in
Table 4-3 and are listed for convenience on the rear panel
adjacent to the IEEE-488 connector. The codes define
Model 590 capabilities as follows:

SH1 (Source Handshake)—SH]1 defines the ability of the
Model 590 to properly handshake data or command bytes
when the unit is acting as a source.

AH1 (Acceptor Handshake)—AH]1 defines the ability of the
Model 590 to properly handshake the bus when it is acting
as an acceptor of data or commands.

T6 (Talker)—The ability of the Model 590 to send data over
the bus to other devices is defined by the T6 function.
Model 590 talker capabilities exist only after the instrument
has been addressed to talk. T6 means that the Model 590
is a basic talker, has serial poll capabilities, and will be
unaddressed to talk when it receives its own listen address.

L4 (Listener)—The L4 function defines the ability of the
Model 590 to receive device-dependent dataover the bus.
Listener capabilities exist only after the instrument has
been addressed to listen. L4 means that the Model 590 is
a basic talker and will be unaddressed to listen when ad-
dressed to talk.

SR1 (Service Request)—-The SR1 function defines the ability
of the Model 590 to request service from the controller.

RL1 (Remote Local)—The RL1 function defines the capaBﬂi—
ty of the Model 590 to be placed in the remote or local
modes.

PP0 (Parallel Poll)—FPPQ means the Model 590 does not
have parallel polling capabilities.

DC1 (Device Clear)--The DC1 function defines the ability
of the Model 590 to be cleared (initialized).

DT1 (Device Trigger)—The ability for the Model 590 to have
its readings triggered is defined by the DT function.

C0 or C28 (Controller)—The Model 590 has limited con-
troller capabilities (C28) only when being used for stand-
alone plotting. When used with a controller, the instru-
ment has no controller capabilities (CO}.

TEO (Extended Talker)—The Model 590 does not have ex-
tended talker capabilities.

LED (Extended Listener)—The Model 590 does not have ex-
tended listener capabilities.

E1 (Bus Driver Type)—The Model 590 has open-collector
bus drivers.
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Table 4-3. Model 590 Interface Function Codes

Code | Interface Function

SH1 | Source Handshake capability

AH1 | Acceptor Handshake capability

T6 | Talker (basic talker, serial poll, unaddressed
to talk on MLA)

L4 Listener (basic listerier, unaddressed to
listen on MTA)

SR1 | Service Request capability

RL1 | Remote/Local capability

PP0 | No Parallel Poll capability

DC1 | Device Clear capability

DT1 | Device Trigger capability

C28 | Limited Controller capability*

El Open collector bus drivers
TEQ. | No Extended Talker capabilities

LE0 | No Extended Listener capabilities

*Stand alone plotting only; C0 (no controller capablhty)
otherwise.

4.5 PRIMARY ADDRESS SELECTION

The Model 550 must receive a listen command before it will
respond to addressed commands over the bus. Similarly,
the instrument must receive a talk command before it will
transmit its data. These listen and talk commands are deriv-
ed from the primary address of the instrument, which is
set to 15 at the factory. Until you become more familiar
with your instrument, it is recommended that you leave
the address at this value because the programming ex-
amples in this manual assume the instrument is pro-
grammed for that address.

4.5.1 Address Limitations

The primary address can be programmed for any value be-

tween 0 and 30. However, each device on the bus must

have a unique primary address—a factor that should be kept
in mind when setting the primary address of the Model
590. Most controllers also use a primary address; consult
the controller instrction manual for details. Whatever ad-
dress is used, it must be the same as the value specified
as part of the controller’s programming language, but dif-
ferent than any other device on the bus.

4.5.2 Programming the Primary Address

" To check the presently programmed primary address, or
to change to a new one, proceed as follows:

1. Press SHIFT IEEE. The instrument will respond with the
presently programmed primary address:

IEEE ADDRESS 15

2. In this example, the default value (15) is being
displayed.

3. To exit without changing the address at this point, sim-
ply press QUIT.

4. To modify the address, key in a new value with the
riumeric data keys. Remember that the primary address
limits are 0-30 inclusive. If you enter an address above
30, the unit will set the address to 30. :

5. Once the desired value is displayed, press the ENTER
key.

6. The. instrument will then return to normal gperation
with the new address in effect.

4.6 CONTROLLER PROGRAMMING

--A number of IEEE-488 controllers are available, each of

which has its own programming language. In this section,
we will discuss the programming language for a popular
TEEE-488 controller, the Hewlett-Packard HP-85.

4.6.1 Controller Handler Software

Before a specific controller can be used over the [EEE-488
bus, it must have IEEE-488 handler software installed. With
some controllers like the HP-85, the software is located in
an optional YO ROM, and no software installation is
necessary on the part of the user. In other cases, software
must be loaded from a diskette and initialized.

Some small computers that can be used a IEEE-488 con-
trollers may not support all IEEE-488 functions. With
many, interface programming may depend on the par-
ticular interface being used. Many times, little ““tricks’” are
necessary to obtain the desired results.

From the preceding discussion, the message is clear: make
sure the proper software is being used with the interface.
Often the user may incorrectly suspect that the hardware
is causing a problem, when it was the software all along.

4.6.2 BASIC Interface Programming
Statements

Most of the programming instructions covered in this sec- . -

tion include examples written in HP-85 BASIC. This com-
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puter was chosen for these examples because of its ease
and versatility in controlling the IEEE-488 bus. A partal
list of statements for the HP-85 is shown in Table 4-4.

HP-85 statements have a one or three digit argument that

must be specified as part of the statement. The first digit
is the interface select code, which is set to 7 at the factory.
The last two digits of those statements requiring a 3-digit
argument specify the primary address. In the examples
showr, the default Model 590 address (15) is shown. For
a different address, you would of course change the cor-
responding digits in the programming statement.

Some of the statements have two forms, with the exact con-
figuration depending on the command to be sent over the
bus. For example, CLEAR 7 sends a DCL command over

the bus, while CLEAR 715 sends the SDC command to a

device with a primary address of 15.

— -~

.Table 4-4. HP-85 IEEE-488 BASIC Statements

Action HP-85 Statement

Transmit string to device 15. | OQUTFUT 715: A%

Send GTL to device 15.
Send SDC to device 15.
Send DCL to all devices.
Send remote enabile.
Cancel remote enable.
Serial poll device 15.
Send local lockout.

Send GET to device 15.
Send IFC.

Obtain string from device 15.

EMTER Y15: af
Lacal #1is
CLEAR 713
CLEAR 7

REMOTE 7

Local 7

SPOLL <7150
LocAL LOoCkouT 7
TRIGGER 713
ABORTIOY

4.7 FRONT PANEL ASPECTS OF IEEE-488

OPERATION

The following paragraphs discuss aspects of the front panel
that are part of IEEE-488 operation, including front panel
error messages, IEEE-488 status indicators, and the LOCAL
key.

4.7.1 Front Panel Error Messages

The Model 590 has a number of front panel error messages
associated with IEEE-488 programming. These messages
are intended to inform you of certain conditions that may
occur when sending device-dependent commands to the
instrument, as summarized in Table 4-5.

The following paragraphs discuss many of these messages
in detail. Note that the instrument may be programmed
to generate an SRQ and U command status words can be
checked for specific error conditions if any of these errors
occur. See paragraphs 4.9.15 and 4.9.16.

Error Message Differences

‘There are a few differences between front panel and bus

operation regarding the type of message that occurs for
specific error conditions. In particular, invalid parameter
and mode conflict errors differ somewhat in the type of
error message generated for each.

Programuming an invalid parameter from the front panel
will generate an INVALID error message, as discussed in-
Section 3. However, attempting to program an invalid
parameter over the bus will generate an IDDCO (Hlegal
Device-Dependent Comimand Option) error, as discussed
below.

Similarly, a front panel mode conflict error situation (for
example selecting 1MHz with X10 enabled) results in a
CONFLICT error message. In contrast, programming such

a mode conflict over the bus generates an IDDCO error.-

No Remote Error

A no remote error will occur if the instrument is address-
ed to listen and the REN (Remote Enable) line is false. In
this instance, the following error message will be displayed
on the front panel.

NO REMOTE ERR

The error condition can be corrected by placing the REN
line true before attempting to program the instrument.

Programming Example—To demonstrate the NO REMOTE
ERR message, type in the following lines:

LocAaL 7
QUTPUT 715 “£R18* "

Note that the NO REMOTE ERR message is briefly
displayed when the second statement above is executed.
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Table 4-5. Front Panel IEEE-488 Messages

Message Description

Comments

NO REMOTE ERR

IDDC (fllegal Device-
Dependent Command)
IDDCO (lilegal Device-
Dependent Command Option)

Illegal command sent.

Unit programmed with REN false.

Hiegal command option sent.

TRIG-OVERRUN Unit triggered while processing
reading or sweep.

CAL LOCKED Calibration switch in locked position.

BUSY Unit performing calibration

TRANSLATOR-ERR Translator error

CONFLICT Attempt at cable correction at 100kHz

DISCONECT Test signal disconnected from jacks

Set REN true, address unit to listen.
Send only legal command letters.

Send only valid command options.

Wait for reading or sweep completion
before re-triggering.

See paragraph 7.3

Use only appropriate Translator
modes.

Cable correct at IMHz only.
Invoked with F2 command.

IDDC (IHegal Device-Dependent Command) Error

An IDDC error occurs when the unit receives an illegal

device-dependent command over the bus (the unit does
not check command until it detects the “X’ character,

cwLN A R 183 1248 -1 R 10 Y = 2y SATRELLe AL e LS

however). For exam%le, the command string EIX includes
an illegal command because the letter E is not part of the
instrument’s programming language. When an fllegal com-
mand is received, the instrument will briefly display the

followdin g error message:

IDDC

To correct the error condition, send only valid commands.

Refer to paragraph 4.9 for dewce—dependent command
programming details.

&
D

ammrno' Example—To dem

e the e following statements:

nstrate an

n IDDC error,

REMOTE V15
OUTFUT 715 ffELK"

Note-that the IDDC error message is briefly displayed
when the second statement above is executed.

IDDCO (Illegal Device-Dependent Command Option)
Error

Sending the instrument a legal command with an illegal
rm-hnn will result in the fnllowmg front Danel error

message

IDDCO

For example, the command K9X has an illegal option (9)
that is not part of the instrument’s prograzuming language.
Thus, although the command (K} itself is valid, the option
(9) is not, and the IDDCO error will result. Smularly, the
IDDCO error results if an invalid parameter or mode con-
flict is programmed, or if you attempt to program a fre-
quency for a module not installed. As with the IDDC
message, the unit does not check for iliegal options until
the X"’ character is received.

To correct this error condition, use only valid command
options, as discussed in paragraph 4.9. Note that an IDD-
CO error is also flagged in the Ul word, as discussed in
paragraph 4.9.15.

Programming Example—Demonstrate an IDDCO etror
with the following statements:
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Trigger Overrun Error

A trigger overrun message occurs when the instrument is
triggered while it is still processing a reading or sweep from
a previous trigger. The exact trigger stimulus will depend
on the selected trigger mode, as discussed in paragraph
4.9,

Overrun triggers will not affect the instrument except to
generate the message below. In other words, the reading
or sweep will not be aborted by the overrun trigger
stimulus. When such a trigger overrun condition occurs,
the instrument will briefly display the follow:mg error
message:

TRIG-OVERRUN

Programming Example—To demonstrate an overrun trig-
ger situation, type in the following statements:

REMOTE 715
DUTPUT #1155 f6TLa 10?0
TRIGGER 715 & TRIGGER Fi5

Note that the TRIG-OVERRUN message is briefly
displayed when the third statement above is executed.

Calibration Locked Message

Sending a calibration (Q) command (except for Q0, which
performs drift correction) with the internal calibration
switch in the locked position will result in the following

message:

CAL LOCKED

Refer to paragraph 7.3 for calibration information.

Programming Example—Demonstrate the calibration lock-
ed message by using the statements below.

CAUTION

T s mat ea tha fallawmimea avamnala llnlﬂen unll ara
b LML UOT LIS U IT Iy CAcBI it it =1

certain that the calibration lock switch is in the
disabled position, or miscalibration will result.
From the factory, the switch is in the disabled
(locked) position.

REMOTE 715
OUTPUT P15; f9Q1x"?

Note that the CAL LOCKED.message is briefly displayed.

4.7.2 IEEE-488 Status Indicators

The REMOTE, TALK, and LISTEN indicators show the
present IEEE-488 status of the instrument. Each of these
indicators is briefly described below.

[ 7Aax
[ usTen
{7} RemoTE

TALK—This indicator will be on when the instrument is
in the talker active state. The unit is placed in this state
by addressing it to talk with the correct MTA (My Talk Ad-
dress) command. TALK will be off when the unit is in the
talker idle state. The instrumert is placed in the talker idle
state by sending it an UNT (Unfalk) command, address-
ing it to listen, or with the IFC (Interface Clear) command.

LISTEN—This indicator will be on when the Model 590 is
in the listener active state, which is activated by address-
ing the instrument to listen with the correct MLA (My
Listen Address) command. Listen will be off when the unit
is in the listener idle state. The unit can be placed in the
listener idle state by sending UNL (Unlisten), addressing
it to talk, or by sending IFC (Interface Clear) over the bus.

REMOTE—As the name implies, this indicator shows
when the instrument is in the remote mode. Note that
REMOTE does not necessarily indicate the state of the REN
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line, as the instrument must be addressed to listen with
REN true before the REMOTE indicator will turn on. When
the instrument is in remote, all front panel keys except for
the LOCAL key will be locked out. When REMOTE is turn-

ed off, the instrument is in the local mode, and front panel
operation will be restored (unless LLO is in effect).

4.7.3 LOCAL Key

The local key cancels the remote mode and restores local
operation of the instrument.

LOCAL

N

Since all front panel keys except LOCAL are locked out

when the instrument is in remote, this key providesa con-

venient method of restoring front panel operation. Press-
ing LOCAL will also turn off the REMOTE indicator, and
return the display to normal if a message was displayed
with the D command.

Note that the LOCAL key is also inoperative if the LLO
(Local Lockout) command is in effect.

4.7.4 Simultaneous Front Panel and Bus
Operation

Fundamentally, there is no reason why you cannot con-

trol the instrument simultaneously from both the front

panel and over the IEEE-488 bus. However, the fo]lowmg _

points should be kept in mind.

1. All front panel keys except for LOCAL will be in-
operative while the Model 590 is in remote (REMOTE
on). The unit is placed in remote by addressing it to

" listen with the REN line true. Thus, to control the unit
from the front panel, it will be necessary for you to press
LOCAL after programming over the bus. Note that
LOCAL is also inoperative if the LLO (Lccal Lockout)
command is in effect.

2. Front panel parameter modification should always be
completed before attempting to use bus control. For ex-
ample, you should not attempt fo program bias wave-
form parameters over the bus while editing them from
the front panel, or the unit will hold off the bus. Similar-
ly, attempting to program over the bus while viewing
buffer data will also cause a bus hold off.

In any case, you can restore bus operation by using ap-
propriate keys to return to normal display.

4.8 GENERAL BUS COMMAND
PROGRAMMING

General bus commands are those commands such as DCL
that have the same general purpose regardless of the in-
strument. Commands supﬁorted by the Model 590 are
summarized in Table 4—6 which also lists HP-85 statements

............ A e B Ll e
uﬁ:\..ca:vmy to acuu. each command. Note that commands

requiring a address assume that the Model 590
primary address is set to 15 (its factory default address).

Table 4-6. General Bus Commands and Associat
BASIC Statements
HP-85
Command | Statement Effect On Model 590
REN REMOTE 7 Goes into effect when
next addressed.
IFC SEORTIOF Goes into talker and
listener idle states.
LLO Local LOCKOUT 7 LOCAL key locked
out.
GTL LoCal 715 Cancel remote,
restore front nanp'l
operation.
DCL CLEAR T Returns to default
conditions.
SDC CLEAR TIT Returns to default
conditions.
GET |TRIGGER 7135 Triggers measurement
with GET source.
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4.8.1 REN (Remote Enable)

REN is a uniline command that must be asserted by the
controller to place the Model 590 in remote. Simply set-
ting REN true will not actually place the instrument in
remote; instead, the unit must be addressed to listen after
REN is set true before it will actually go into remote.

Generally; remote enable should be asserted before at-
tempting to program the instrument over the bus. Once
the instrument is in remote, all front panel controls except
LOCAL will be inoperative. Front panel operation can be
restored by pressing the LOCAL key unless LLO (Local
Lockout) is in effect. -

Note that the instrument need not be in remote to request
and obtain data over the bus.

To place the Model 590 in remote, the controller must per-
form the following sequence:

1. Set the REN line true.
2. Address the Model 590 to Listen.

Programming Example—Place the Model 590 in remote
with the following statement:

REMOTE ¥15

When this statement is executed, the Model 590 should
be in the remote mode as indicated by the REMOTE an-
nunciator light. If not, check to see that proper bus con-
nections are made, and that the instrument is programmed
for the correct primary address (15).

Note that all front panel controls except LOCAL (and, of

course, POWER) are inoperative while the instrument is

in remote. You can restore normal front panel operation
by pressing the LOCAL button.

4.8.2 IFC (Interface Clear)

The IFC command is sent by the controller to place the
Model 590 in the talker and listener idle states. The unit
will respond to the TFC command by cancelling front panel
TALK or LISTEN lights, if the instrument was previously
Placed in one of those states. ,

To send the IFC command, the controller need only set
the IFC line true for a minimum of 100usec. '

Programming Example—Before demonstrating the IFC
command, place the instrument in the talker active state
with the following statements:

SEND 7 TALK 1D

At this point, the TALK indicator should be on.

“The IFC command can be sent by typing in the following

statement:

AEORTIOY

Note that the TALK indicator turns off when this statement
is executed. o ' '

4.8.3 LLO (Local Lockout)

The LLO command is used to lock out operation of the
LOCAL key, thereby completely locking out front panel
operation of the instrument (recall that the remaining con-
trols are locked out when the instrument is placed in
remote).

Note that the unit must be in remote (REMOTE on) in order
to respond to LLO immediately.
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Operation of the LOCAL key can be restored by setting
the REN line false, which will also take the unit out of

remote.

In order to send LLO, the controller must perform the
following:

1. Set ATN true.
2. Place the LLO command byte on the data bus.

Programming Example—To verify LLO operation, enter
the following statements:

REMOTE Y15
LOCAL LOCKOUT 7

After the second statement is executed, the LOCAL key
will be locked out.

To restore front panel operation after asserting LLO, set
REN false, as in the following example:

LocAL ¥

4.8.4 GTL (Go To Local)

The GTL command is used to take the instrument out of
remote. Operation of the front panel keys will also be
restored by GTL unless LLO is in effect, To cancel LLO,
you must set REN false.

To send GTL, the controlier must perform the following
sequence: S

1. Set ATN true.
2. Address the Model 590 to listen. o
3. Place the GTL command byte on the data lines.

Programming Example—Place the instrument in remote
with the following statement:

REMOTE 715

Verify that the instrument is in remote.

. Send GTL as follows:

LOCAL 715

Equivalent
Mode Command(s) Description
Range* R4 2nF
Frequency™ FO 100kHz
Operation 00,1 | C, G, V data,
paralle]l model
Filter* Pi Filter on
Rate* S3 10/sec
Zero* Z0 Zero off
Trigger*® T4,1 Sweep, front
panel
Bias source* NO Off
Waveform, times*| W0,IE-3,IE-3, DC, all
IE-3 - | times lmsec
Bias voltages*® v0,0,0,0,450 All OV,
count=450
Plotter grid A3,0 Full grid
Flotter pen A5, Pen #1
Plotter line Ab6,7 Solid line
Plotter label A7,0 Full labels
Plot type A2,0 CwvsV
Buffer to plot A4,0 AD
X axis scaling AS8,0 Auto
1Y axds scaling A9,0 Auto
Buffer output B0 Current
reading
Data format GO0 Prefix on, suf-
fix off, 1rdg
EOI and Hold-off | KO Both enabled
SRQ MO Disabled
Terminator Y0 <CR>»<LF>
Cable Correction | C0,7 Correction to
front panel.

Note that the instrument goes into the local mode, and that
operation of the front panel keys has now been restored
(assuming that LLO is not in effect).

4.8.5 DCL (Device Clear)

The DCL command may be used to clear the Model 590

and return the unit to default conditions. Table 4-7 lists
factory default conditions for-the instrument after it
receives a DCL. Note that many of these are the same con-
ditions as front panel save/recall position 1, and they may
be different if you change that configuration.

Table 4-7. Power Up, DCL/SDC Defauit Conditions

NOTE: Sendiﬂg DCL or SDC cancels drift correctioﬁ (QO).

*These modes can be changed by altering setup 1
configuration (L command).
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To send the DCL command, the controller must perform
the following steps:

1. Set ATN true.
2. Place the DCL command byte on the data bus.

NOTE
DCL does not affect the programmed primary ad-
dress, but drift correction (Q0) constants will be
cancelled by DCL.

Programming Example—Using several front panel buttons,
alter instrument configuration from the factory default
value and enter the following statement into the keyboard:

CLEAR ¥

When the above statement is executed, the instrument
returns to default conditions.

4.8.6 SDC (Selective Device Clear)

SDC is an addressed command that performs essentially
the same function as the DCL command. However, since
each device must be individually addressed, SDC provides
a method for clearing only a single, selected instrument
instead of clearing all devices simultaneously, as is the case
with DCL. When the Model 590 receives the SDC com-

mand, it will return to the default configuration shown in

Table 4-7. Note that many of these conditions are specified
with front panel save/recall position 1 and may be different
if altered.

To transmit the SDC command, the controller must per-
form the following steps:

1. Set ATN ftrue.
2. Address the Model 590 to listen.
3. Place the SPC command byte on the data bus.

Programming Example—Using several front panel con-
trols, alter instrument modes from the factory default con-
figuration. Send SDC with the following statement:

CLERRE Y13

When the above statement is executed, the instrument
returns to the default configuration.

4.8.7 GET (Group Execute Trigger)

GET may be used to initiate a Model 590 reading or sweep
if the instrument is placed in the appropriate trigger mode.
Basically, there are two trigger modes: one-shot and
sweep. More information on triggering is located in
paragraph 4.9.

To send GET, the controller must perform the following
sequence:

1. Set ATN low.
2, Address the Model 590 to listen.
3. Place the GET command byte on the data bus.

Programming Example—Type in the following statements
to place the instrument in the correct trigger mode for pur-
poses of this demonstration:

REMOTE 715
OUTPUT 715 6Tl 18

Now trigger the sweep by sendmg GET with the follow-
ing statement:

TRIGGER 715

When the END LINE key is pressed, the sweep will be
triggered.

4.8.8 Serial Polling (SPE, SPD)

The serial polling sequence in used to obtain the Model
590 status byte. The status byte contains important infor-
mation about internal functions, as described in paragraph
4.9.16. The serial polling sequence can also be used by the
coniroller to determine which instrument on the bus has
asserted SRQ (Service Request).

The serial polling sequence is generally conducted as
follows:

1. The controller sets ATN true.

2. The controller then places the SPE (Serial Poll Enable)

command byte on the data bus. At this point, all devices
are in the serial poll enabled mode and waiting to be
addressed.

3. The Model 590 is then addressed to talk.
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W

. The controller sets ATN false.

w

to be read by the controller.

6. The controller then sets ATN true and places the SPD
(Serial Poll Disable) command byte on the data bus to
end the serial polling sequence. '

Once instruments are in the serial poll mode, steps 3
through 5 above can be repeated by sending the correct
talk address for each instrument.

. The instrument places its status byte on the data bus _

Programming Example—The HP-85 SPOLL statement
automatically performs the sequence just described. To
demonstrate serial polling, type in the following
statements:

E=SPOLL <7132
DISFE

" When the above statements are executed, the Model 590

is serial polled, and the decimal value of the status byte
is displayed on the computer CRT.
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4.9 DEVICE-DEPENDENT COMMAND PROGRAMMING

TEEE-488 device-dependent commands concerned with the Model 590 are the most important com-
mands associated with instrument programming because they control most instrument operating modes.
Al front panel modes (such as rate and range), as well as some modes not-available from the front
panel (like SRQ and terminator) can be programmed with these commands.

Command SyntaX Each command is made up of a single ASCII capital letter followed by one or
more numbers representing an option or numeric parameter of that command. For example, the range -
can be set over the bus by sending the letter ““R” followed by a number representing the range option.
R4X would be sent to program the 2nF range.

Some cominands have two or more parameters that must be separated by commas. For example, the
V10,5,1,0X command programs the bias voltage waveform parameters. In this case, V is the command
letter, while 10, 5, 1, and 0 are parameters that program the first, last, step, and default voltages
respectively.

Multiple Commands A number of commands can be grouped together in one command string,
which is generally terminated by the ‘“X’’ character. This character tells the instrument to execute the
command or command string, as described in paragraph 4.9.1. Commands sent without the execute
character will not be executed at that particular time, but they will be stored within an internal com-
mand buffer for later execution when the execute character is finally received.

Invalid Commands If an invalid command is sent as part of the command string, no commands
in the string will be executed. Under these conditions, the instrument will display a front panel error
message (IDDC or IDDCO), as covered in paragraph 4.7, and it can be programmed to generate an
SRQ (Service Request), as discussed in paragraph 4.9.15. Note, however, that the instrument does
not check the validity of commands until the X character is received.

Some typical examples of valid command strings include:

ROX Single commands string.

R1F051X Multiple command string.

ZIX Space is ignored.

W2,3,4X Multiple-parameter command string (parameters separated by commas}.

Typical invalid command strings include:

E1X Invalid command, as E is not one of the instrument’s valid commands.

K7X Invalid command option because 7 is not an option of the K command.
V30X . Invalid parameter (maximum bias voltage is 20V).

W123X Multiple-parameter command without the necessary separating commas.
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Using Multiple-Option Commands Some commands have multiple options, allowing you to
program several parameters with a single command letter. For example, the W command is used to
program the bias waveform, and the start, stop, and step times associated with that waveform, as
in the following example:

W1,100E - 3,50E - 3,10E - 3X

In this instance, the first parameter (1) selects single staircase waveform, while the last three parameters
program start, stop, and step times of 100msec, 50msec, and 10msec respectively.

The general format for listing multiple-option commands in this manual is shown in the following
example:

V{first){ last)(,step)(,default)

Here, first, last, step, and default are numeric parameters, while the commas indicate the necessary
delimiters. The parentheses around a particular parameter indicate that that parameter and the associated
delimiter are optional.

NOTE
Do not-include parenthesis in actual command strings.

When using any multiple-option command, you need not include all parameters in the command string;
however, when leaving out preceding parameters, you must include a comma delimiter character for
each parameter left out. For example, to program only the default voltage while leaving the first, last,
and step bias values unchanged, the following string could be used:

v, 5X

In this instance, the first three commas mark positions where the first, last, and step bias values are
omitted. ' ' Co o

If leaving out succeeding characters in the command string, you need not include the parameters or
delimiters. For example, the following command could be sent to change only the bias waveform without
modifying start, stop, or step times:

WIX

In this instance, only the first parameter (waveform type) is specified, while the start, stop, and step
times are not and would be left unchanged.

Order of Command Execution Device-dependent commands are not necessarily executed in

the order received. Rather, the instrument always executes them in a specific order, as summarized
in Table 4.8,

If you wish to force a particular order of command execution, simply include the execute (X) character
after each comumnand-option grouping in the command string. For example, the following string would
he executed in the received order:

FOXROXS4X

417
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Table 4-8. Order of Command Execution

Order

Description

U WN RS

A/D programming

I/O programming :
Cable correction programming
Global parameter programming
BCDHILKJLLQ
X

Device-dependent Command Summary All Model 590 device-dependent commands are sum-
marized in Table 49, which also lists respective paragraphs where more detailed information on each
command may be found. As listed, commands are summarized in most-often-used to least-often-used

order. As a convenience, Table 4-10 provides a cross reference in alphabetical order.

Note that you can also use the Translator to simplify programming, as discussed in paragraph 4.10.

Table 4-9. Device-Dependent Command Summary

Mode Command Description Paragraph
Execute (X) X Execute commands 4.9.1
Frequency (F) FO 100kHz 492
F1 1M¥z
F2 Disconnect test voltage
Range (R) 100kHZ IMHz 49.3
RO Autorange on Autorange on
R1 2pF/2uS 20pF/200xS
R2 ZUgF.’ZOpS 20pF/200uS
R3 200pF/2004S 200pF/2mS
R4 2nF/2mS 2nF/20mS
R5 R1 x10 o#i Error
R6 R2 x10 on " Brror
R7 R3 x10 on Error
R8 R4 x10 on Error
R9 Autorange off, stay on range
Reading Rate (S)* S0 1000/sec, 3%z digits 494
51 75 Isec, 3% digits
52 18/sec, 4%» digits
S3 10{/sec, 4% digits
54 1/sec, 4% digits
Trigger (T) T0,0 One-shot on talk 495
T0,1 Sweep on talk
TL0 One-shot on GET
T1,1 Sweep on GET
T2,0 One-shot on X
T2,1 Sweep on X o
T3,0 One-shot on external pulse
13,1 Sweep on external pulse
T4,0 One-shot on front panel
T4,1 Sweep on front panel

*Rates are nominal.
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Table 4-9. Device-Dependent Command Summary (Cont.)

| Paragraph

Mode Command Description
Bias Voltage (V) V(first)( last)(,step) | First = first bias; Last = last bias; 4.9.6
(,default)(,count) Step = step bias; Default = default
bias; —20.000=V =20.000 1=count=
450 (1,350 at 1,000/sec).
Waveform (W) W(waveform)(,start) | Waveform: 0 =DC; 1 = Single stair; 497
(,stop)(.step) |2 = Dual stair; 3 = Pulse; 4 = 200V Exter-
nal bias; 5 = 20V External bias; Start =
start time; Stop = stop time; Step = step
time; 1msec sT<65sec -
Bias Control (N) NO Bias off 4938
N1 Bias on
Data Format (GO0) GO Prefix on, suffix off, 1 rdg 499
Gl Prefix off, suffix off, 1 rdg
G2 Prefix on, suffix on, 1 rdg
G3 Prefix on, suffix off; n rdgs
G4 Prefix off, suffix off, n rdgs
G5 Prefix on, suffix on, n rdgs
n rdgs = # readings in buffer
Operation (O) Ooutput(,model) | Output: 0 = C, G, V (trple); 1 = C.  |4.9.10
(.Co} only; 2 = G only; 3 = V only;
4 =1C% 5 = ClCq; 6 = Cu—GC5;
7 = [VA_VB]CCDNST- Model: 0=
Parallel; 1 = Series. Cp (used with
CiCo): 0=Co=20E-9
Buffer (B) BO Current Reading 4.9.11
B1( first)( last) A/D buffer, first, last limits
B2(, first)(,last) Plot buffer, first; last limits
B3 Transfer A/D buffer to plot buffer
Plotter (A) AD Execute plof - 49.12
Al Execute grid
A2, plot Plo: 0 =CwvsV;1=GwvsV;2 =
UCwvwsV:3=ClCovsV;4=Crvsi
5 = [CA““CB] Vs V; 6 = [VA—VH]
C=CONST
A3, grid Grid: 0 = Full grid; 1 = Axis only
Ad, buffer Buffer: 0 = A/D buffer (A);
1 = Plot buffer (B)
AS5, pen Pen: 0 = No pen; 1 = Pen #1;
2 =Pen #2
A6, line Line: 0 = Dot at points; 1 = Spaced
dots; 2 = Dashes; 3 = Long dash;
4 = Dash dot; 5 = Long dash, short
dash; 6 = Long, short, long dash;
7 = Solid line
A7, label Label: 0 = Full labels; 1 = Label axis

A8.n, Xmin, Xmax

and divisions; 2 = Label axis only

X axis limits. n=0: Autoscaling
(minimum/maximum bias). n=1:
Program Xaxis minimum (Xrhin) and
maximum (Xmax) values.

4-19



\EEE-48% PROGRAMMING

Table 4-9. Device-Dependent Command Summary (Cont.)

Mode Command Description Paragraph
Plotter (A) (Cont.) A9,n, Ymin, Ymax| Y axis limits. n=0: Default values, 0 fo
full scale. n=1: Program Y axis
minimum (Ymin) and maximum
{Ymax) values
Zero (Z) Z0 Disable zero 49.13
Z1 Enable zero
Filter (P) PO Filter off 49.14
P1 Filter on
Status (U) U0 Hardware/software revision 4.9.15
Ul Error information
U2 Buffer A range group
U3 Buffer A trigger group
U4 Buffer A zero group
U5 Buifer A bias group
U6 Buffer A bias voltage
u7 Buffer A bias time
Us Buffer A position and time
U9 Buffer B range group
Ul10 Buffer B trigger group
Ull Buffer B zero group.
Uiz Buffer B bias group
U13 Buffer B bias voltage
Ul4 Buffer B bias time
Ul5 Buffer B position and times
Ul6 Buffer A maximum/minimum
capacitance
U17 Buffer A maximum/minimum
conductance
18 Buffer A maximum/minimum voltage
U Buffer B maximum/minimum
capacitance
U20 Buffer B maximum/minimum
conductance ,
U21 Buffer B maximum/minimum voltage
U2 Global parameters (series/parallel, Co
value)
U23 Plotter parameters (plot, grid, line,
ete.)
24 [EEE output parameters (O, G, B, Y,
K)
U25 IEEE input parameters (L, C, H, K, M)
U26 Cable correction parameters
uz27 Translator user name list
U28 Not used
29 Translator reserved word list
U30 Translator NEW/OLD state
U3l Translator user translation list - -
Us2 Not used
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Table 4-9. Device-Dependent Command Summary (Cont.)

Mode Command Description Paragraph
SRQ (M) MO Disabled 4.9.16
M1 Reading overflow
M2 Module input overload
M4 Sweep done
M8 Reading done
M16 Ready .
M32 Error
. M128 IEEE output done
Save/Recall (L) LO,n Recall configuration n (0=n=7) 4.9.17
Lin Save configuration n (0=n=<6)
Cable Parameters (I} I0 Measure cable parameters (driving 4.9.18
oint) -
I1, nl, n2, n3, nd gssign cable parameters KO(nl+jn2),
K1(n3+ijn4)
12, n1, n2, n3, n4, | Assign test OUTPUT cable parameters:
A(nl+jn2), B(n3+jn4d),
n5, né, n7, n§ C{n5+né), D(n7+in8)
13, n1, n2, n3, n4 | Assign test INPUT cable parameters:
A(nl+jn2),
n5, n6, n7, n8 B(n3+jn4), C(n5+jné) D(n7+jn8)
4 Zero cable open
5, C G Measure source parameters, step 1
16, C, G Measure source parameters, step 2
Save/Recall Cable COn Recall cable #n (0=n<7) 4.9.19
Setups {C) Cln Save cable #n (0=n=<6 .
Calibration (Q) Qo0 Drift correction 4.9.20
NORMAL MODE '
Q1 Offsets
Q2,C G First capacitance cal point
Q3,C G Second capacitance cal point
Q4, C, G Conductance cal point
DRIVING POINT MODE
Q5 Offsets
Q6,C, G First capacitance cal point
Q7. C. G Second capacitance cal point
Q8 Voltage calibration offsets
Q9 Vv Calibrate voltmeter gain
Terminator (Y) Y0 <CR><LF> 4.9.21
Y1 <LF><CR>
Y2 <(R> '
Y3 <LF>
EOQI and Hold-off (K) KO0 EOI and hold-off-enabled 4922
K1 EQI disabled, hold-off enabled
K2 EOI enabled, hold-off disabled
K3 EQ! and hold-off disabled
Display (D) Daaa Display ASCII characters aa (20 max) [4.9.23
DX _Return display to normal
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Table 4-9. Device-Dependent Command Summary (Cont.)

Mode Command Description Paragraph
Hit Button (H) Emulate button press: 4.9.24
Hi2 SHIFT
HI15 ENTER
H16 (A—B)
H20 ON
H23 MANUAL
H25 ZERO
H26 CAL
H27 FILTER
H29 RANGE
H30 FREQ
H31 .| MODEL
Self Test (J) 1 Perform self test 4.9.25
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Table 4-10. Command Cross Reference in

Alphabetical Order

Command
Letter | Description Paragraph
A Plotter 4.9.12
B Buffer 4.9.11
C Cable Parameters 4.9.19
D Display 4.9.23
E Frequency 492
G Data Format 499
H - | Hit Button 4.9.24
I Input Cable Parameters 4.9.18
] Self Test 4.9.24
K = |EOI and Hold-off 4922
L Save/Recall Configuration 4.9.17
M SRQ 4.9.16
N Bias Control 4.9.8
O Operation and Model 4.9.10
P Filter 4.9.14
2 Calibration 4.9.20
R Range 493
5 Reading Rate 4.9.4
T Trigger Mode and Source 495
U Status 4.9.15
Vv Bias Voitages 496
W Waveform and Times 4.9.7
X Execute 4.9.1
Y Terminator 4.9.21
A Zero 4913
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4.9.1 Execute (X)

Purpose
Format
Parameters

Description

Programming
Notes

Programming
Examples

To execute other device-deperident commands.
<command >X
None

The execute command is implemented by sending an ASCII ““X’* over the bus. Tts
purpose.is to.direct the Model 590 to execute other device-dependent commands.
Generally, the execute character will be the last byte in the command string; however,
there may be some cases when it is desirable to send a string of characters at one
time and then send the execute character later on.

1. Commands or command strings sent without the X character will not be executed
at that time, but they will be stored in an internal command buffer for later ex-
ecution once the X character is finally received.

2. The command buffer can hold a total of 128 characters. The instrument stores only
the last 128 characters received. :

3. The X character can also be used to tngger readmgs or sweeps, as descnbed in
paragraph 4.9.5.

4. Commands are not necessa.rily executed in the order sent (see Table 4-8) In order
to force a part[cular command sequence, the X character should be included after
each command in the command string.

18 OUTPUT F15: ¢#R1X** ! Execute single command.

2B OUTPUT ¥15; ¥ fFERZX** ! Execute multiple command string.

28 OUTPUT 715; © fF@xREs? * ! Force command sequence.,

48 OUTPUT 715: ¢¢G2Y152** ! Send string without execute.

S8 OUTPUT 715: FR?® ! Now execute command string at a later time.
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4.9.2 Frequency (F)

Purpose
Format
Parameters

Description

Default

Programming
Notes

Programming
Examples

To program 100kHz or IMHZz test frequency.

Fn

FO Select 100kHz test frequency.
F1 Program 1IMHz test frequency.
F2 Disconnect test signal from jacks

The F command performs the functions of the front panel FREQ key by selecting
the appropriate CV module, or disconnecting the test and bias voltages from the
front panel test jacks. : ,

Power-up/DCL/SDC Configuration: Determined by save 0 position. Factory default
is 100kHz {(two module units).

1. The appropriate modules must be installed to select the corresponding frequency.
If you send a function command for a module that is not installed, the instru-
ment will display an IDDCOQ error message. The unit can also be programmed
to generate an SRQ under these conditions, as described in paragraph 4.9.16.

2. Cable correction should be used when measuring through cables at IMHz. See
paragraphs 3.21 and 4.11 for detailed information on cable correction methods.

3. The IMHz test frequency cannot be programmed with the X10 attentuator enabled.
The Model 590 will generate an IDDCO error under these conditions.

4. Programming the frequency will abort the sweep and clear the A/D buffer.

5. Cable correction, calibration, or drift correction cannot be performed in discon-
nect (F2) mode. The unit will generate a CONFLICT error.

6. Data will not be stored or be made available while in disconnect. Also, the first
trigger will be ignored, but the subsequent triggers will cause a trigger overrun.

18 DUTPUT 715 SfFEH®® ! Select 100kHz test frequency.
28 OUTPUT F15; FEF1K"* ! Select IMHz test frequency.
2@ OUTPUT 7L15; ceF2y? s ! Diconnect test signal from jacks.
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4.9.3 Range (R)

Purpose

Format

Parameters

Description

Default

Programming
Notes

Programming
Examples

To manually select ranges, control autoranging, or enable the X10 attenuator, de-
pending on the range parameter.

Rn

100kHz : 1MHz
RO Autorange on Autorange on
R1 2pFi2sS 20pF/20045
R2 20pF/204S 20pF/20045
R3 200pF/200uS 200pF/2mS
R4 2nF2mS 2nF/20mS
R5 20pF/204S X10On © " Error
R6 200pF/200xS X10 On a Error
R7 2nF/2mS X10 On Error
R8 20nF/20mS X10On = Error
RS Autorange off, stay onrange  Autorange off, stay on range

The range (R) command and its parameters give you conirol over auto and manual
ranging, as well as the X10 attenuator. In effect, the various options of the range
command perform the same functions as the front panel RANGE button.

Power-up/DCL/SDC Configuration: Determined by save 0 position. Factory default
is the 2nF (R4) range. _

1. For best accuracy and resolution, use the most sensitive range possible without
overranging the instrument.

2. The instrument can be programmed to generate an SRQ under module satura-
tion or overflow conditions.

3. Since capacitance and conductance readings are paired together, it may be
necessary to measure either capacitance and conductance on a less than optimum
range. : Ce

4, The Model 5504 Input Adapter must be connected to the instrument in order to
properly use a X10 range. A X10 range is available only when measuring at 100kHz,
and only the 20nF/20mS range accuracy is specified.

5. Autoranging should not be used when programming rapidly-changing bias
waveforms.

6. An IDDCO error will occur if you attempt to enable the X10 attenuator with a
test frequency of 1IMHz selected.

7. Programming the range will abort a sweep and clear the A/D buffer. _

8. Autoranging cannot be used at the 75 and 1,000 per second reading rates. Pro-
gramming this combination will end in an IDDCO error. )

1@ OUTPUT 715; ¢ *REX** ! Enable autoranging.

28 OUTPUT 71S;: “sR34** | Disable autoranging.

2§ OUTPUT 7155 ¥ eR1X®Y | Select 2pF range.

48 OUTPUT 715; $iR44*? | Select 2nF range.

SE OUTPUT 715; ¢ *RBE*? ! Select 20nF range, with X10 attenuator.
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4.9.4 Reading Rate (S)

Purpose
Format

Parameters

Description

Default

Programming
Notes

Programming
Examples

To select the reading rate, display resolution, and digital filtering.

Sn
Nominal Integration Integrations Actual Reading
Rdg/Sec Digits  Period Averaged Readings Interval (msec)

S0 1000 3% 120psec 1 C only 1.024

st .. 7 34 240psec 1 C.GV 13.31

S2 18 43 980usec 1 C,GV 55.5

83 10 4% 2.4msec 2 CGV 102.3

5S4 1 4%  16.7msec 4 CGV 1.024

The reading rate command and its options perform the same functions as the front
panel RATE key and allow selection of the desired rate, display resolution, and the

amount of digital filtering. The rate command also controls the integration period.

Note that the actual rates are some what slower than normal because of the way
the instrument generates its time base.

Power-up/DCL/SDC Configuration: Determined by the save 0 position. Factory

default is 10 readings per second (S3).

1. Data will be made available only after a sweep is completed and readings are
calculated at the 75 and 1000 reading per second rates. In the one shot trigger
mode, the unit must receive sufficient triggers to complete the sweep before the
buffer contains relevant data.

. Only capacitance readings are taken at the 1000 reading per second rate.

. For minimum reading noise, select the slowest reading rate possible.

. The 18 reading per second rate is not available from the front panel.

. The time interval between readings in a sweep is determined both by the reading
rate and the programmed step time.

6. Programming the reading rate will abort the sweep and clear the A/D buffer.

7. Autoranging cannot be used at the 75 and 1,000/sec rates.

o W

18 OUTPUT 7155 fF5a4%"? 1 Select 1000/second rate.
PR DUTPUT 715; §9518°7 | Select 75/second rate.

6 OUTPUT 715;: % #52%7 7 | Program 18/second rate.
48 OUTPUT 715; 4531 * [ Program 10/second rate.
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a.9.5 Trigger (T)

Purpose
Format

Parameters

Description

Default

Programming
Natac

B

Programming
Examples

To select the trigger source and mode.
Tsource,mode

T0,0 One-shot on talk

TO,1 Sweep on talk

T1,0 One-shot on GET

T1,1 Sweep on GET

T2,0 One-shot on X

T2,1 Sweep on X

T3,0 One-shot on external trigger pulse

T3,1 Sweep on external trigger pulse

T4,0 One-shot on front panel (MANUAL) trigger
T4,1 Sweep on front panel (MANUAL) trigger

The trigger mode commands perform similar functions as the front panel MODE/
SOURCE key in that both the trigger mode and trigger source are programmed with
a single command letter.

Trigger modes include one-shot (take one reading per trigger) and single-sweep (per-
form one reading sweep per trigger stimulus). Tngger sources include IEEE-488_ com-
mand triggers (X, GET, or talk commarids), as well as an appropriate trigger pulse
applied to the rear panel TRIGGER INPUT ]ack and the front pa.nel MANUAL

button.

Power-up/DCL/SDC Configuration: Determined by save 0 position. Factory default
is sweep on front panel (14,1).

1. Front panel triggering with the MANUAL button is always enabled regardless of
the programmed trigger source; however, all front panel buttons will be locked
out if the unit is in remote (REMOTE on). To restore local operation in this case,
press the LOCAL key.

2. Re-friggering the unit while it is processmg a reading sweep ‘will create a mgger-
overrun situation, but the present sweep will not be aborted. The instrument will

A-mn'lnw the followine messace 1inder a #riccer overrin condition:

LT ALLUYY M LE ST OoGaT WILWTL & WUinptl UVELILNL LRIV

TRIG-OVERRUN

The overrun condition will not occur if the unit is triggered during the stop time.

[ TP SUR ST A, g Y ST b4 A L] | QY S

T o ~la —— e
. LIIE /\ CharaCier SEIiv Wil PJ.UELG.I_I.I.H.I.I.H.E a I..I.AEEC.I. Ol A INOUE Wik I..H.EECJ. lhc

instrument.

4. In order to trigger the instrument when using the trigger on talk mode, you must
send the talk command derived from the correct primary address. The factory
default primary address is 15.

5. Re-programming the trigger source or mode will abort an active sweep and clear
the A/D buffer.

6. In order to ensure rapid response to a new tngger after a sweep, re-program the
trigger mode in order to halt the A/D converter.

Q2

18 OUTPUT 715 ¢¢T@x@x** | Program one-shot on talk mode.

28 SENDT: TALK 1S . 77 ! Trigger one reading.
28 OUTPUT 7155 *¢T1s:14** ! Program sweep on GET mode.
46 TRIGGER 71T ! Trigger reading sweep.

58 OUTPUT 7135; ¥ T248%** | Program and trigger reading on X,
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4.9.6 Bias Voltage Parameters (V)

Purpose

Format

Parameters

Description

Default

Programming
Notes

To program the first, last, step, and default voltage values and count parameter
associated with the bias waveform.

V(first)(,1ast)(,step)(,default)(,count)

first= First bias voltage (—20.000 to +20.000V)

last= Last bias voltage (-20.000 to +20.000V)
step= Bias step voltage (—20.000 to +20.000Vv}
default= Default bias voltage (—20.000 to +20.000V)

count= Number of readings per sweep for DC and external waveforms.
1 = count = 450 (1,350 at 1,000/sec rate).

The V command and its options program the first and last bias voltages, and the
step and default bias voltage values. Thus, this command performs many of the
same functions as the front panel PARAMETER key. Four of the parameters are
assumed to be in voltage units and may be entered as integer or floating point values.
For example, the following parameter values would be equivalent:

12 1.2E1 .12E2

The final (count) parameter allows you to program the number of readings per sweep
for the DC and external bias waveforms only. Theallowable range for this parameter
is 1 to 450 (1,350 at 1,000/sec rate).

Power-On/DCL/SDC Configuration: Determined by the save 0 position. Factory
default values are:

First bias: OV
Last bias: OV
Step bias: OV
Default bias: 0V
Count = 450

1. Complete definitions for the bias waveform types as well as the various parameters
may be found in paragraph 3.14. o :

2. Note that all parameters are NOT used with every waveform type. Table 4-11 sum-
marizes parameters associated with each waveform.

3. The resolution of all voltage parameters is 5mV.
4. Programming bias voltage parameters will abort a sweep and clear the A/D buffer.
5. Programming invalid parameters will result in an IDDCO error.
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Table 4-11. Bias Voltage Parameter Summary

1,000/sec rate)

Single Dual
Description Limits** Resolution* {DC | Staircase | Staircase | Pulse | External
Start time Imsec to 65sec Imsec X X X X X
Stop time Imsec to 65sec Imsec X X X X X
Step time Imsec to 65sec Imsec X X X X X
First bias voltage =20V to +20V 5mV X X X X
Last bias voltage —20V to +20V 5mV X X X
Step voltage -20V to +20V 5mV X X X
Default bias -20V to +20V 5mV X X X
voltage
Count 1 to 450 (1,350 at X

*Voltage parameters can be programmed in 1ImV steps, but will be set to SmV steps.
**Multiply programmed times by 1.024 to obtain actual times.

NOTE: X indicates parameter applies to a particular waveform.

Programming 16 OUTPUT V15 ##U-5:5:8.2:3%%* | Program —5V f{irst bias, 5V last bias,
0.2 step bias, 3V default bias.

Examples

2@ OUTPUT 715 f4U-122,6. 1218 * | -1V first voltage, 2V last voltage, 0.1V

step voltage, 1V default voltage.
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4.9.7 Waveform Type and Time (W)

Purpose
Format
Parameters

Default

Description

Programming
Notes

Programming
Examples

To program the bias waveform type, start, stop and step times.

W(waveform)(,start)(,stop)(,step)

Waveform:

o=DC . . 3=Tulse _
1= Single staircase 4 = External bias source (200V range)
2 =Dual staircase 5 = External bias source (20V range)

start= Start time (0.001 to 65.000sec)
stop= Stop time (0.001 to 65.000sec)
step= Step time (0.001 to 65.000sec)

Power-up/DCL/SDC Configuration: Determined by the save 0 position. Factory
default values are: B S - R

Waveform type: DC
Start time: Imsec.
Stop time: 1msec.
Step time: lmsec

The W command and its parameters program the waveform type as well as three
aspects of the programmed bias waveform: start time, stop time, and step time. Thus,
this command programs the same functions as the WAVEFORM key and the tim-
ing aspects of the front panel BIAS PARAMETER key. ,

1. Note that all parameters are not necessary with every bias waveform type. Table
4-11 summarizes required time parameters for various waveforms.

2. Bias waveforms are defined in detail in paragraph 3.14.

3. An actual waveform unit is 1.024msec because of the way the unit generates its
time base. Thus, the actual time units you program should be multiplied by 1.024.
For example, if you program a 3sec time period, the actual time will be 3.072sec.

4. Programming a wavéform parameter will abort an active sweep and dear the A/D
buifer.

5. Programming an invalid parameter will result in an IDDCO error. :

6. Up to £200V may be applied when W4 external bias is selected (£20V js W5 exter-
nal bias mode.). ' T ' ' '

7. The minimum stop time with the pulse waveform is 50msec (10/sec rate).

1A OUTPUT P15; 941y 1@E-3 2 SEE-Zs 2X* * | Program single staircase,

10msec start time, 50msec stop
- time, 2sec step time.

28 OUTRUT V15 fSM4Zs 2. 5:25E-34 1% " | Program dual staircase, 2.5sec
start time, 25msec stop time,
1sec step time.

S8 QUTFUT 715 f4lda8. 1 IBEE-3: 55" [ Program 200V external bias,
0.1sec start time, 100msec
stop time, Ssec stop time.
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4.9.8 Bias Source Control (N)

Purpose
Format

Parameters

Default

Description

Programming
Notes

Programming
Examples

To turn the bias source on or off,
Nn

NO Bias source off
N1 Bias source on

Power-up/DCL/SDC Configuration: Determined by the save 0 position. The defauit
configuration is NO (bias source off}.

The N command performs the functions of the front panel BIAS ON key in that
it turns the selected internal or external bias source on or off. The selected and pro-
grammed bias values are applied to the circuit under test through the OUTPUT jack
on the front panel.

1. Internal or external bias source selection is programmed with the W command,
as discussed in paragraph 4.9.7. Bias voltage parameters are programmed with
the V command, as discussed in paragraph 4.9.6.

2. Up_to 200V may be present at the OUTPUT jack if the external bias source is
selected with the bias source on.

3. Turning the bias source on or off will abort a sweep and clear the A/D buffer (buffer
A) of any data.

18 GUTFUT ?15 iil14®* 1 Turn bias source on.
B QUTPUT P15 ¢9MEX** 1 Turn bias source off.
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a.9.9 Data Format (G)

Purpose

Format

Parameters

Default

Description

To control data string prefixes and suffixes,-and program the number of readings
transmitted per data request.

Gn

GO Prefix on, suffix off, one reading
G1 Prefix off, suffix off; one reading
G2 Prefix on, suffix on, one reading
G3 Prefix on, suffix off, multiple readings
G4 Prefix off, suffix off, multiple readings
G5 Prefix on, suffix on, multiple readings

Power-up/DCL/SDC Configuration: The factory default is GO (prefix on, suffix off,
one reading).

Depending on the programmed format, the ASCIH data string the instrument sends
will include a prefix (type of data), the reading itself in floating point format, as
well as a suffix that indicates the buffer location. In G3 through G5 m readings will
be sent, where m indicates the number of readings defined by the Bl or B2 command.

Figure 4-6 shows the general data format; and Table 4-12 lists exampies for all six
data formats. '

Table 4-12. Examples of Data Formats

Command | Typical Data String

GO NGPK +1.4567E-01

Gl +1.2446E-09 :

G2 ZVSM —1.7500E +01, B0051 .

G3 NCPX +1.9000E~12, ..., NCPK +1.8750E-12
G4 +1.1009pE-01, ..., +1.5040E--01

G5 NCSM +1.4010E—09, B00O01, ..., NCSM +1.5000E-09, B0O009
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BUFFER
PREFIX LOCATION
(GO, G2, G3, G5} SUFFIX (G2, G5)
MANTESSA EXPONENT

T — r T 1
NCSK T, 2345 E:tOO BO0O1 <TERM>

N=NORMAL 7 | K =100kHz FREQUENCY
Z=ZEROED M = TMHz FREQUENCY TeREPAULT
TRLE G Gy - D=DISCONNECT <CRAATER
C=CAPACITANCE §=SERIES MODEL
= 1
g_ g,% 1. MORE THAN ONE READING MAY BE TRANSMITTED
=g IN G3-G7 DEPENDING ON B MODE. READINGS ARE
D=C,-Cs SEPARATED BY COMMAS.
N=[V,-Vel C CONST ] 2. TRIPLE DATA FORMAT HAS C. G, AND V DATA

{IN THAT ORDER} WITH ONLY ONE PREFIX
WHERE APPLICABLE.

3. EOL IS ASSERTED WITH LAST TERMINATOR
CHARACTER IF EOI IS ENABLED.

4. 9's APPEAR IN DATA FIELD IF READING
1S INVALID,

Figure 4-6. General Data Format

Obtaining Data

Before the instrument will fransmit its data string, it must be properly addressed
to talk by the controller. The basic controller sequence for requesting data is as
follows: '

1. The controller sets the ATN line true.

2. The Model 590 is addressed to.talk by placing the appropriate talk command byte
on the data lines.

3. The controller places the ATN line false

4. The controller then begins its input sequence and mputs data bytes in succes-
sion until all are taken, Typically, the input sequence will cease when the CR
LF terminator is detected. Some conirollers, however, may terminate on EOIL

Generally, data is placed into a string or numeric variable. For example, a typical
input sequence for the HP-85 computer is:

EHTER V15, A%

In this instance, the complete reading string is placed in the A$ variable. In cases
where numeric input is required, the instrument can be operated in G1 to eliminate
the prefix and suffix, and readings can be placed directly into a numeric variable
as in the example below:

EHTER F15: &
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Programming
Notes

Programming
Examples

Overflow and Invalid Reading Indications

If a particular reading or portion of a reading is overflowed, the data field for that™
reading will contain all 9s, as in the example below:

+9.9999E +29

Similarly, if a buffer location contains no valid data, the following will be displayed
in each data field:

+9.99999999

1. EOI will be asserted (if enabled) after each reading in G0-G2, but will be asserted
only at the end of the entire buffer transmission in G3-G5.

2. Buffer access must be enabled with the B command in order to obtain more than
one reading in G3-G5. The number of readings sent can be controlled by options
of the B command. See paragraph 4.9.11.

3. For multiple readings, the individual readings and buffer locations will be
separated by commas.

4. The programmed terminator (default CR LF) will be transmitted after each readmg
in GO-G2, but only at the end of the transmission in G3-G5.

5. When using the 75 and 1000/sec reading rates, no data will be transnutted over
the bus until a SW\SSI? and the subsequent internal processing has been completed.
The instrument hold off the bus under these conditions.

1@ OUTPUT 715; #4GAX** | Program prefix on, suffix off, one reading.
28 EMTER ¥15; aF ! Get a reading from the 590.

28 DISP A% ! Display the reading.

46 OUTRUT 715 ¢5G1X*? | Program prefix off, suffix off, one reading.
3@ EMTER 715: A% ! Get a reading from the 590.

&8 DISFAs - Display the reading.

7@ EMD ! End program.
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4.9.10 Operation and Model (O)

Purpose

Format

Parameters

Description

To select the type of capacitance, conductance, and voltage readings or mathematical
functions in the data string, parallel or series model, and to program the Cg value
used with the C/Cy math function.

Ooutput(,model)}{,Co)
Qutput:

0= Capacitance, conductance, voltage
1= Capacitance only

2= Conductance only

3= Voltage only

4= 1/C?
5= CICq
6= CA - C_a

7= [V4 - V5] C=const

Model

0= parallel model
1= series model

Cp = capacitance constant (0 < Co < 20E-9)

The first parameter (output) in the O command allows you to select whether the
instrument transmits complete capacitance, conductance, and voltage information
or just one selected parameter individually, or allows you to apply specific
mathematical operations to the data before being transmitted over the IEEE-488 bus.
General data formats for these commands are shown in Figure 4-7.

The second parameter (model) controls selection of series or paralle] model in the
same manner as the front panel MODEL key. With parallel model, data includes
parallel capacitance and conductance. In series model, data is in the form of series
capacitance and resistance. : ' : :

The final parameter of the O command (Cg) allows you to program the constant
Co that is used with the C/Cq mathematical function. This function is useful in
generating normalized curves. Keep in mind that this programmed C, value is not
used with the front panel and C/Cg plotting functions, as the maximum capacitance
value stored in the buffer is automatically used in those cases. A unity value will
be used for the O5 command until a Co value is programmed.
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BIAS
PREIFIX CAPACITANCE CONDUCTANCE  VOLTAGE
1 I

I 1 I 1 I 1 1T 1
NTPK  +1.4567E-09, 1.9000E-03, 1.0000E+01 <TERM>

INDICATES
TRIPLE {C, G, V)

A. TRIPLE{OQ} DATA FORMAT

FRE|FIX REAIIJING

I 1 ¥ 1 -
NCSM  +1.9000E-09 <TERM>

C=CAPACITANCE
G =CONDUCTANCE

V=VOLTAGE
zZ=1/C -
R=C/C, NOTE: SEE FIGURE 4-6 FOR ADDITIONAL
DATA FORMAT INFORMATION.
B. (SINGLE (01-05} DATA FORMAT
CAPACITANCE  VOLTAGE
1 1
] 1 [ [ |
NDSM +1.7350E—12, +00.001E-+00 <TERM>
D=Ca—Co—l

C. 06 (C,—T,) FORMAT

VOLTAGE CAPACITANCE
] ]
! i [
NNSM +6.4846E+00, +0.2874E-09 <TERM>

N=[V,—V,IC=CONST

D. 07 {[V,—VsIC=CONST} FORMAT

Figure 4-7. O Command Data Formats

Default Power-up/DCL/SDC Configuration: The factory default is 00,0,0 (C,G, and V data,
parallel model, Co=0). ' ' '

Programming 1. The G command also affects the data format, as described in paragraph 4.9.9. The
Notes data string prefix indicates selected output and model parameters, as discussed

in that paragraph. ,
2. The B command controls the data source; see paragraph 4.9.11.
3. Mathematical functions are covered in detail in paragraph 3.19.

4. When the unit is in one-shot, and parallel data has been acquired, it is not possi-
ble to convert data to series model by using the O command.

Programming 14 GUTPUT 715 ¢ ¢ 0Bs@a 1. SE~12%** ! Program C, G, V data, parallel

Examples model, 1.9pF C, value.
20 OUTPUT 715; ¢40is1:2.4E-39*" ! Program C only data, series model,
2.4nF Cq value.
20 QUTRUT v15: fF03E? ! Program C/Cq function only.
48 QUTPUT Fi5; S f0Z K" ! Program V only, parallel model.
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4.9.11 Buffer Control (B)

Purpose

Format

Parameters

Default
Description

Programming
Notes

Programming
Examples

To select the current reading, A/D buffer, or plotter buffer as [EEE-488 output, and
to transfer the contents of buffer A to buffer B.

Bn(,first)(,1ast)

BO Current reading

B1,first,last AJD buffer (buffer A), starting at location first (1 = first = 450)
ending at location last (1 = last < 450)

B2, first,last Plotter buffer (buffer B), starting at location first (1 < first = 450),
ending at location last (1 < last = 450)

B3 Transfer contents of A/D buffer to plotter buffer (A — B)
Power-up/DCL/SDC Configuration: Factory default is BO (current reading).

The B command conirols the source of the data sent over the bus. With BO, the data
source is the current reading, which is contained in the last reading register. For
Bl and B2, two optional parameters (first and last) can be included to specify the
first and last buffer locations to be accessed from the A/D and plotter buffers respec- .
tively. Finally, B3 allows you to transfer the contents of the A/D buffer (buffer A)
to the plotter buffer (buffer B) in a manner smu'lar to the A — B button on the front
panel of the instrument. :

1. The A/D buffer will be em ty until at least one reading sweep is triggered. All 95
will fill in invalid data field

2. The plotter buffer contains no relevant data unless deliberately placed there by
the B3 command. Again, all 9s will fill in the data fields.

3 K first and last are not specified, buffer access will begin and erd with locafions
- P and 450 respectively.

4. The maximum buffer value is 1,350 at 1,000/sec rate.

18 QUTPUT 715 s RBEx* " I Select current reading.
28 OUTPUT 715 *°B1s 186: 286> * ! Select readings 100 through 200 of
A/D buffer.
Sh DUTFUT F15; SRz, 46, BRKT? ! Select readings 46 through 99 of
plotter buffer.
4@ QUTFUT 715; F¢BZA*? ! Transfer contents of A/D buffer to
plotter buffer.
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4.9.12 Plotter Control (A)

Purpose
Format

Parameters

To select plotter parameters, generate a grid, and select the buffer to-be plotted.

An,parameter
A0 Execute plot
Al Execute grid

A2,plot Select plot type

0=CwvsV

1= G vs V (R vs V for series model)
2=1UCvwvsV

3=CICovs V

4= C vs t (Buffer index)

5= CA"CB .VS V-

6= [V,-V5JC=CONST

A3,grid Select grid type
0= Full grid
1=_Axis OI'l].Y

A4 buffer Select buffer to plot

0= A/D buffer (buffer A)
1= Plot buffer (buffer B)

AB,pen Select pen
0= No pen
1= Pen #1
2= Pen #2

A6 line Program line type

0= Dot at points

1= Spaced dots

2= Dashes

3= Long dash

4= Dash dot

5= long dash, short-dash

6= long dash, short dash, short-dash
7= solid line S

A7 label Select label type

0= Full labels

1= Label axis and divisions (no title block)
2= Label axis only

3= No labels

A8,n,Xmin,Xmax X axis limits
n=0: Autoscaling: Minimum and maximum buffer values

n=1: Program X axis minimum (Xmin) and maximum (Xmax} values.

—-1E29 = Xmin =< 1E29; —1E29 = Xmax =< 1E29.
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Default

Description

Programming

Notes

A9,n,Ymin, Ymax Y axis limits

n=0: Autoscaling: 0 to full scale

n=1: Programmed Y axis minimum (Ymin) and maximum (Ymax) values.
-1E29 = Ymin < 1E29; -1E29 < Ymax < 1E29

The factory default values are indicated in Table 4-13.

Table 4-13. Plotter Defaults

Equivalent
Plotter Parameters Command | Description
Flot type A2, 0 CvsV
Grid type A3, 0 Full grid
Buffe:yp A4, 0 B1.1.ffe%;n B
Pen type A5, 1 Pen #1
Line type A6, 7 Solid line
Label type A7, 0 Full labels
X Scaling A8, 0 Anto scaling
Y Scaling A9, 0 Auto scaling

The first two options of the A command allow you to execute a plot and grid respec-
tively. The remaining options control various aspects of plot and grid generation.
Note that you must include the appropriate second parameter when using the A2
through A7 commands, as indicated above,

When programming X and Y axis limits (A8 and A9), you have two options: select
autoscaling (n=0), and user-defined the scaling limits (n=1). For the X axis (A8},
the limits are —20 to +20 (internal bias) or —200 to +200 (external bias}. The pro-
grammable Y axis limits are scaled according to the selected plotting function. For
example, if plotting C vs V on the 200pF range, the upper limit is 200E-12.

1. More complete information on plotting over the bus may be found in paragraph
3.16.

2. The plotter, controller, and Model 590 must each have a different primary ad-
dress when initiating a plot over the bus.

3. After sending the AQ (execute grid) or Al {execute plot) commands, you must
then address the Model 590 to talk and the plotter to listen. The Model 590 does
not address the plotter when performing these functions over the bus because
the unit does not implement the TCT (Take Control) command (see paragraph
3.16). ) )

4. For autoscaling, the X axis limits are determined by the minimum and maximum
voltages in the buffer. For Y axis autoscaling, the limits are 0 to full scale except
for the C,—C; function which has limits of + full scale.

5. Only the C vs t plot type (A2, 4) can be used with data taken at the 1000/sec reading
rate.

6. The selected model affects plotted data.
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Programming
Examples

18 QUTFUT 715 “fAZa8R°

28 QUTPUT V15 ¢ fads ls—108s 18K

ZAOUTPUT 715: ¢ °A% 15 18BE-12y
15BE-12K*
40 QUTPUT P15 €652 162!
S0 QUTPUT 715 S SRt 2¥?
BE OUTPUT 715; f6@7 8K
78 OUTPUT 715: #9Aas5, 10
S0 QUTPUT 71355 SFMIZ8R "
@ OUTPUT 7155 Y9 iRt ?
1@ SEMD Y5 UNT UL Talk
1SLISTEM S '
118 RESUHE ¥
128 STaTUS ¥x 2535 '
126 IF MOT BITOS. %0 THEM 128
148 S=5POLLCY 150
156 GUTPUT ¥15: fdql=??
168 SEHD 75 UNT UML TALE
IS LISTEM S
1VE RESUME 7
128 STATUS Y Z2: 8 '
1926 IF MOT BIT (5.5 THEM 188
288 EHD

! Select C vs V plot type.

! Program +10V X axdis limits.

! Program 100pF to 150pF Y axs
Y axis limits.

! Select pen #1.

! Select dashes onliz line type.

! Program full label type.

! Select full grid type.

! SRQ on plotter done.

! Execute plot.

! Address 590 to talk, plotter to listen.

! Set ATN false.

! Get bus status.

I Wait for SRQ.

! Serial poll to clear SRQ.

! Execufe grid.

! Address 590 to talk, plotter to listen

I Set ATN false.
I Get bus status.
I Wait for SRQ.
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4.9.13 Zero (Z)

Purpose

Format

Parameters

Default

Description

Programming
Notes

Programming
Examples

To store a reading as a baseline value and then subtract that value from subsequent
readings.

Zn

Z0 Disable zero.
Z1 Enable zero.

Power-up/DCL/SDC Configuration: Determined by save 0 position. Factory default
is Z0 (zero disabled). _

The Z command allows you to store a reading as a baseline value and then subtract
that reading from the following readings. The first reading that occurs after zero
is enabled becomes the baseline value. Subsequent readings will then be the dif-
ference between the actual measured values and the stored baseline.

1. Zero offsets the dynamic range of the reading by the amount of the baseline.

2. The zero value is also stored in the A/D buffer header for use when accessing
the buffer. This value will be used instead of the currently stored baseline when
accessing buffer data.

3. Any stored baseline will be lost once zero is disabled.

4, The unit must be triggered after zeroing before baseline values are stored.

19 OUTFUT 715 ¢#218?** [ Enable zero.
28 QUTPUT F15;: ¢ ¢ 285" * | Disable zero.
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4.9.14 Filter (P)

Purpose
Format
Parameters

Default

Description

Programming
Notes

Programming
Examples

To control the analog filter.
Pn

P0 Filter off
P1 Filter on

Power-up/DCL/SDC Configuration: Determined by the save 0 configuration. The
factory default is P1 (filter on).

The P command controls the analog filter in similar manner as the front panel FILTER
key. The filter is of the low-pass variety useful in situations where an excessive
amount of-noise is noted in the readings.

1. The —3dB point of the filter is approximately 37Hz.
2. The analog filter will increase insttument response time and should not general-
ly be used with rapidly-changing readings.

18 OUTFUT 715; *¢F1X*? | Enable analog filter.
28 QUTPUT T155 ¢ “P@¥?* ! Disable analog filter.
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4.9.15 Status (U)

Purpose

Format

Parameters

Description

To obtain from the instrument information on errors, as well as programming status.
for the two buffers, IEEE input and output parameters, and plotter information.

Un

U0 Hardware and software revision level

U1 Error information

U2 Buffer A range group

U3 Buffer A trigger group

U4 Buffer A zero group

US Buffer A bias group

U6 Buffer A bias voltage group

U7 Buffer A bias time group

U8 Buffer A position and time

U9 Buffer B range group

U10 Buffer B trigger group

U11 Buffer B zero group

UF12 Buffer B bias group

U13 Buffer B bias voltage group

Ul4 Buffer B bias time group

U15 Buffer B position and time

U16 Buffer A maximum and minimum capacitance
U17 Buffer A maximum and minimum conductance
U18 Buffer A maximum and minimum voltage

U19 Buffer B maximum and minimum capacitance
U20 Buffer B maximum and minimum conductance
U21 Buffer B maximum and minimum voltage

U22 Global programming parameters (parallel/series, Co value)
U23 Plotter programming parameters

U24 [EEE output parameters (O, G, B, ¥, K modes)
25 IEEE input parameters (L, C, K, H, M)

U26 Cable correction parameters

U27-U31 Translator status (see paragraph 4.10)

By sending the appopriate U command and then addressing the instrument to talk
as you would with normal data, you can obtain information on machine status, error
conditions, as well as a variety of other aspects, as outlined above.

The general format of the status words is
AAA DATA DATA ... DATA <term +EOI>
Where:

AAA is a three letter prefix identifying the type of information.
DATA represents pertinent data

<term> is the programmed terminator (default CR LF)
<EOQI> is also asserted if programmed

<spaces> separate the identifier and data fields.
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The specific formats for the UO through U26 status words are shown in Figures 4-8 through 4-34. Perti-
nent mformation is also included, where applicable. Table 4-14 summarizes status word information
in more concise form. o ’ '

Table 4-14. U Command Format Summary

Command | Identifier| Mnemonic #Datum | Datum Format
Uo 590 1 |REV Level HSS
H=hardware
8S=software

U1 ERR |ERRor 20 |TRIG-OVERRUN 0/1
NEED100KHz 0/1
NEED 1MHz 0/1
NOT USED 0
CAL LOCKED 0/1
CONFLICT 01
TRANSLATOR-ERR 0/1
NO REMOTE ERR 01
IDDC 0r1
IDDCO 0/1
INVALID 01
NOT USED 0
NQT USED. . . ¥i)
OVERLOAD 011
NOT USED 0
RESERVED 0000

U2 ARG | AbufRangeGroup 6 |RANGE 0..3
AUTO 011
X0 : 011
RATE 0.4
FREQ 011
FILTER 0/1

U3 ATG | AbufTrigGroup 2 |TRIG MODE 011
TRIG SOURCE 0.4

U4 AZG | AbufZeroGroup 3 OFF/ON 0/1
CONDUCTANCE SCI-NOTATION
CAPACITANCE SCI-NOTATION

Us ABG | AbufBiasGroup 2. |OFF/ON 0/1
WAVEFORM 0.4

Ué ABV | AbufBiasVoit 4  |FIRST BIAS sdd.ddd
LAST BIAS sdd.ddd
STEP BIAS sdd.ddd
DEFAULT BIAS sdd.ddd
COUNT dddd

U7 ABT | AbufBiasTime 3 START TIME dd.ddd
STOP TIME dd.ddd
STEP TIME dd.ddd

Us APT | AbufPosTime 3 CURRENT COUNT dddd
FILLING/DONE 01
ELAPSED TIME bb:mm:ss:mmm

U9 BRG | BbufRangeGroup See U2

U10 BTG | BbufTrigGroup See U3

U1l BZG | BbufZeroGroup See U4

U2 BBG | BbufBiasGroup See U5
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Table 4-14. U Command Format Summary (Cont.)

Command | Identifier| Mnemonic #Datum | Datum Format
U13 BBV BbufBiasVolt See Ub
Ul4 BBT BbufBiasTime See U7
Ul5 BPT BbufPosTime See US
Ule ACM | AbufCapMaximum 2 MAX FARAD SCI-NOTATION
MIN FARAD SCI-NOTATION
U17 AGM | AbufGMaximum 2 MAX SIEMENS SCI-NOTATION
MIN SIEMENS SCI-NOTATION
U18 AVM | AbufVoltMaximum 2 MAX VOLTS SCI-NOTATION
MIN VOLTS SCI-NOTATION
19 BCMG | BbufCapMaximum {See U16
120 BGM | BbufGMaximum See U7
U1 BVM | BbhufVoltMaximum |See U18
U2 GPP | GlobalProgPar 2 PARALLEL/SERIES 0/1
Co FARADS. SCLNOTATION
U23 PPP | PlotProgPar 6 PLOT TYPE 0.7
GRID TYPE 0/1
Bbuf/Abuf 0/1
PEN TYPE 0.2
L.INE TYPE 0..7
LABEL TYPE" ' 0..3
X SCALE 0/1
Y SCALE 0/1
U224 IoP IeeeQutPar 8 O MODE 0..7
G MODE 0..5
B COMMAND 0..3
FIRST LOCATION dddd
LAST LOCATION dddd
CURRENT LOC : dddd
YMODE 0.2
EOI 0/1
U2 or TeeeInPar 7 RESTORE/SAVE 0/1
CABLE-SET# 0..7
HIT KEY# 0to 31
HOLD-OFF 0/1
RESTORE/SAVE 0/1
FRONT-PANEL 0.7
SRQ MASK 0 10 255
U26.. CCP | CableCorrPar 9 MEASURE/RECEIVE 0/1
8 CORRECTION SCI-NOTATION
COEFFICIENTS
u27 UNL | UserNameList varies |User Defined ““Alias”
Names
U28 FNL [ Not used
029 RNL | ReserviNamelList 7 LIST; ALIAS FORGET
NEW QLD
U320 NEW 0
QLD |the AAA field is KEITHLEY TRANS-
the information LATOR STATE
U31 UTL | UserTranslationList Send user definitions
U32 FTL Not used
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Programming
Notes

Programming
Examples

1. The instrument will transmit the appropriate status word only once each time the
corresponding U command is transmitted.

2. In order to ensure that correct status is indicated, the status word should be re-
quested immediately after the command is transmitted.

3. The bits in the Ul word will latch and remain in that condition until the Ul word
is read.

4. The programmed terminator (default CR LF) will be transmitted at the end of each
status word. .

5. EQI will be fransmitted at the end of the status word unless disabled with the
K command.

6. U27 through U31 words, which contain information about the Translator, are
covered in paragraph 4.10.

7. For those status words which contain floating point-data (for example the U26
word, which details cable correction constants), a positive value is assumed by
a leading blank. This blank space will be filled by a minus sign when the cor-
responding value is negative.

8. The INVALID, CONFLICT, NEED 100kHz, and NEED 1MHz bits in the Ul word
will only be set when those error conditions are caused by front panel program-
ming. Similar bus programming errors will generate an IDDCO error (except for
the 1 commands, which will generate a CONFLICT error).

9. An overload condition will not be indicated in those status words containing
numeric data. For example, U16-U21, which contain information on maximum
and minimum buffer data.

1 DIMAF LiEE] ! Dimension input string,.

28 OUTPUT 7135; ¢cU@k?? | Program for revision status.
Z@ ENWTER 71T, A% - 1 Obtain revision status.

48 DIZPAE - - . ! Display revision status.

5B OUTFUT 715 f#LU1K** ! Program for error status.

68  EMTER 7155 AF [ Obtain error status.

Ve DIZP Af - - ! Display error status.

g8 OUTPUT 7iT: 944" | Program for zero parameters.
S& EHTER F15; A% - I Obtain zero parameters.

leg DISF Af ! Display zero parameters.
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HARDWARE SOFTWARE
REVISION = I_|_-|F{EVISION

580 REV D 4.0 <FERM + EQI>
Ly

MODEL
NUMBER

Figure 4-8. U0 Status Word Format (Hardware/Software Revision)

NOT USED’
NOT USED
1 =MODULE OVERLOAD
mgﬁﬁr%?m NOT USED
——
ERR <SPACE> 0000000000000 0000000 <TERM+EOI>
1=TRIGGER OVERRUN 1=INVALID
1=NEED 100kHz 1=IDDCO
1=NEED 1MHz 1=IDDC
NOT USED. 1=NO REMOTE

1=CAL LOCKED
1=CONFLICT

1=TRANSLATOR ERROR

Figure 4-9. U1 Error Status Word Format

A RANGE
GROUP
IDENTIFIER
ARG 000000 <TERM+EOI>.
RANGE FILTER
0=2pF 0=0FF . o
1 =20pF 1=0N
2=200pF
3=2nF EREQUENCY
[ 0=100kHz
AUTORANGE L 1=1MHz
1 =ENABLED L 2=DISCO
X10 ATTENUATOR _READING RATE
i 0 =1000/SEC
0=0FF 1 = 75/SEC
1=0N -2 = 18/SEC
3=10/SEC
| 4=1/SEC
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A TF!IGGEH
GROUP
IDENTIFEER

ATG 00 <TERM+EOI>
TRIGGER MO ]J TRIGGER SOURCE
LK

0=0NE-SHOT 0=TA!
1=8SWEEP 1=GET

2=X

3 ==E)(TEF%NAL

4=FRONT PANEL

Figure 4-11. U3 Status Word (Buffer A Trigger Group)

A
RO .

IDENTIFIER ~ CONDUCTANCE CAPACITANCE
I

1 1 I 1
AZG O 0.0000E+00 0.0000E+00 <TERM+EOQI>

ZERO STATE
0=0FF
1=0N

Figure 4-12. U4 Status Word Format (Buffer A Zero Group)

A BIAS
GROUP
IDENT!FIER
ABG 00 <TERM+EQI>

BIAS comn]oj WAVEFORM TYPE
0=DC
1 =SINGLE STAIRCASE

2=DUAL STAIRCASE

3=PULSE
4=EXTERNAL BIAS

1=0N

Figure 4-13. U5 Status Word Format (Buffer A Bias Group)

A BIAS
VOLTAGE
IDENTIFIER

ABV r+()0.()00I [-4-00.000I l+00.0001 _+00.000| 0450

]
!glfg‘ LAST g‘r‘sg DEFALSJLT COUNT
BIAS A BIA
(VOLTS}  (VOLTS) (VOLTS)  (vOLTS) —ARAMETER

Figure 4-14. U6 Status Word Format (Buffer A Bias Voltages)




IEEE-488 PROGRAMMING

A BIAS
TIME
IDENTIFIER

ABT l0‘.').000I ]00.0001 I00.‘.’.‘.'00I <TERM +EOI>

START  STOP  STEP
TIME ~ TIME  TIME
(SEC}  (SEC)  (SEC)

Figure 4-15. U7 Status Word Format (Buffer A Bias Times)

ELAPSED TIME

A POSITION TO FILL BUFFER
AND TIME (AVAILABLE AFTER
IDENTIFIER SWEEP DONE)

0000 00 00: 00 000 < TERM +EQI >

BUFFER STATUS MILLISECONDS
O=FILLING
1 =DONE COUNT secouos
(# READINGS MINUTES
IN BUFFER}

HOURS

Figure 4-16. U8 Status Word Format (Buffer A Position and Time)

B RANGE
GROUP
IDENTIFIER
BRG 000000 <TERM+EOI>
RANGE 'FILTER
0=2pF 0=0FF
1= 20pF 1=0N
2=200pF FREQUENCY
3=2nF [~ 0=100kHz
AUTORANGE 1=1MHz
0=DISABLED |2 =DISCONNECT
1=ENABLED READING RATE
X10 ATTENUATOR ™ 0=1000/SEC
O=OFF 1=75/SEC
1=0N :I 2=18/SEC
310/SEC
| 4=1/SEC

Figure 4-17. U9 Status Word Format (Buffer B Range Group)
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B TRIGGER

"GROUP
IDENTIFIER

BTG © 0 <TERM+EOQI>

TRIGGER MODE. TRIGGER SOURCE
O0=0NE-SHOT ]"0 TALK

o~ ——

1=sweep 1 =GET
2=X
3=EXTERNAL

4=FRONT PANEL

Figure 4-18. U10 Status Word (Buffer B Trigger Group)

B ZERO
GROUP
{DENTIFIER CONDU(IITANCE CAPAC}TANCE

r | 1
=¥4c) (I) 0.0000E+00 0.C000E+00 <TERM +EOI>

ZERQ STATE
0=OFF
1=0N
Figure 4-19. U11 Status Word Format (Buffer B Zero Group)
B BIAS
GROUP
IDENTIFIER
BBG 00 <TERM+EOI>
BIAS CONTROL | WAVEFORM TYPE
O=OFF | I 0=DC
1 =0N i 1 = SINGLE STAIRCASE
2=DUAL STAIRCASE
3=PULSE
4=EXTERNAL BIAS

Figure 4-20. U12 Status Word Format (Buffer B Bias Group)

B BIAS
VOLTAGE
IDENTIFIER

BBV +00.000 +00.000 +00.000 400.000 0480

| r 11 ' 11 1 | T b 1
gy gy g omi e
(VOLTS)  (VOLTS) (VOLTS) (voLTs) TARAMETER

Figure 4-21. U13 Status Word Format (Buffer B Bias Voltages)
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B BIAS
TIME
IDENTIFIER

BBT lDD.OO'.')I 100.000] E.Z‘O.OOO| <TERM+EQI >

.
START  STOP  STEP
TIME  TIME  TIME
{[SEC)  (SECI  (SEC)

Figure 4-22. U14 Status Word Format (Buffer B Bias Times)

B ROSITION . ELAPSED TIME
IDENTIFIER TO FilL. BUFFER
4
BFT O 0000 00:00:00:000 <TERM-+EOI>
BUFFER STATUS
0=FILLING cobnr MILLISECONDS
1=PONE 2 (# READINGS TS
IN BUFFER) HOURS

Figure 4-23. U15 Status Word Format (Buffer B Position and Time)

A CAPACITANCE
MAXIMUM/MINIMUM
IDENTIFIER

ACM P.OOOOE-!— 00 02).0000E+001 <TERM +EOQI>
1ot

T T
MAXIMUM MINIMUM
CAPACITANCE CAPACITANCE
{(FARADS) (FARADS)

Figure 4-24. U16 Status Word Format (Buffer A Maximum and Minimum Capacitance)

A CONDUCTANCE
MAXIMUM/MINIMUM
IDENTIFIER

AGM  0.0000E+00 0.0000E+00 <TERM+EOCI>
L | 1 |

MAXIMUM MINIMUM
CONDUGCTANCE CONDUCTANCE
(SIEMENS) (SIEMENS)

Figure 4-25. U17 Status Word Format (Buffer A Maximum and Minimum Conductance)
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A VOLTAGE
MAXIMUM
IDENTIFIER

AVM r('.!!.(')OOOE -!-001 lO.OOCIOE + 00' <TERM +EOI>

MAXIMUM MINIMUM

VOLTAGE VOLTAGE
{VOLTS) {(VOLTS)

Figure 4-26. U18 Status Word Format (Buffer A Maximum and Minimum Voltage)

B CAPACITANCE
MAXIMUM/MINIMUM
IDENTIFIER

BCM O.0000E+00 0Q.0000E+ 00I <TERM+EQ1>
H o1

T T
MAXIMUM MINIMUM

CAPCITANCE CAPACITANCE
[FARADS) {FARADS)

Figure 4-27. U19 Status Word Format (Buffer B Maximum and Minimum Capacitance)

B CONDUCTANCE
MAXIMUM/MINIMUM
IDENTIFIER

BGM  0.0000E-+00 0.0000E+00 <TERM+EQI>
1 | 1 —] . .

1 [}
MAXIMUM MINIMUM

CONDUCTANCE CONDUCTANCE
{SIEMENS) (SIEMENS)

Figure 4-28. U20 Status Word Format (Buffer B Maximum and Minimum Conductance)

B VOLTAGE
MAXIMUM
IDENTIFIER

BVM  0Q.0000E+00  0.0000E+00 <TERM+EQI>
1 ] L 1

1 ]
MAXIMUM MINIMUM

VOLTAGE VOLTAGE
(VOLTS) {VOLTS)

Figure 4-29. U21 Status Word Format (Bufier B Maximum and Minimum Voltage)
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GLOBAL
PROGRAMMING
PARAMETER
IDENTIFIER

GPP 0 O0.0000E-+00 <TERM+EQI>

MODEL
0=PARALLEL
1=S8ERIES Cy VALUE

(FARADS)

Figure 4-30. U22 Status Word Format {Global Programming Parameters)

SCALING

X,
_E g = AUTO
or é’éﬁlﬁme ) 1 = USER PROGRAMMED
Y SCALING
PARAMETER
IDENTIFIER 0 = AUTO
:1 = USER PROGRAMMED
PPP. 000000 00 <TERM+EOQI>
PLOT TYPE LABEL TYPE
0=Cwvs V " O0=FULL LABELS
1=G vs v 1=AXIS AND DIVISIONS
2=1/C*vs V 2=AXIS ONLY
3=C/iCavs V | 3=NO LABELS
4=Cvyst
5= Com Cpvs V _ LINE TYPE
6= [V~ V;IC CONST 0=DOT AT POINTS
1=SPACED DOTS
GRID TYPE 2 =DASHES
O=FULL GRID 3=LONG DASH
1=AXIS ONLY_| 4=DASH DOT
BUEFER TO PLOT 5=LONG DASH, SHORT DASH
oli BUFFE& B 6=LONG, SHORT, LONG DASH
1 — BUFFER A ]—-————— | 7 =SOLID LINE
PEN TYPE
™ 0=NO PEN
1=PEN #1
| 2=PEN #2

Figure 4-31. U23 Status Word Format (Plotter Programming Parameters)
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IEEE OUTPUT FIRST LAST CURRENT
PARAMETER BUFFER  BUFFER BUFFER
IDENTIFIER LOCATION LOCATION LOCATION
e e B

IoP 000 0001 045¢ 0001 OO <TERM+EQI>

OPERATION (O}
0=C,GV 7 O2OFF.-
1=C 1=0N
2=G
3=V TERMINATOR (Y}
4=1/C* 0= <CR><LF>
5=C/Cq 1=<LF><CR>
6=C,-Cp 2=<«<CR>
7=V Vo] C | 3=<lF>
DATA FORMAT (G}
0=PREFIX ON, SUFFIX OFF, 1RDG
1=PREFIX OFF, SUFFIX OFF, 1 RDG
2=PREFIX ON, SUFFIX ON, 1 RDG

3=PREFIX ON, SUFFIX OFF, N RDGS
4 =PREFIX OFF, SUFFIX OFF, N RDGS
5 =PREFIX ON, SUFFIX ON, N RDGS

BUFEER (B)
0=CURRENT RDG
1=A/D —l
2=PLOT : _l

Figure 4-32. U24 Status Word Format (IEEE Output Parameters)
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