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WARRANTY

 

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

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

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

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

 

LIMITATION OF WARRANTY

 

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

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

NEITHER KEITHLEY INSTRUMENTS, INC. NOR ANY OF ITS EMPLOYEES SHALL BE LIABLE FOR ANY DIRECT,
INDIRECT, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OF ITS
INSTRUMENTS AND SOFTWARE EVEN IF KEITHLEY INSTRUMENTS, INC., HAS BEEN ADVISED IN ADVANCE
OF THE POSSIBILITY OF SUCH DAMAGES. SUCH EXCLUDED DAMAGES SHALL INCLUDE, BUT ARE NOT LIM-
ITED TO: COSTS OF REMOVAL AND INSTALLATION, LOSSES SUSTAINED AS THE RESULT OF INJURY TO ANY
PERSON, OR DAMAGE TO PROPERTY.
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1-888-KEITHLEY (534-8453) • www.keithley.com
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     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 is present, connect it to safety earth ground using the
wire recommended in the user documentation.

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

The 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 inshment is intended for use by qualified personnel who reco&iie 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 3OV 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 3OV RMS (42.4V peak) between analog common and earth ground. 

Inspct YOUI connecting cables for possible wear, sacks, or breaks before each use. 

- For maximum safety, do not touch the test leads or the ins&u.ment while power is applied to the circuit tider 
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 ~easureme~nts with&y hands while standing on a dry, insulated 
surface capable of withstanding the voltage being measured. 

Do not exceed the instrument’s 
section of this manual. 

xnaximum allowable bias input as defined in the specifications and operation 



SPECIFICATIONS 

59011OOk and 5901100kllM FRONT PANEL SPECIFICATIONS 
w/z Dii, ACCURACY u Y.zu)' 

u)vs'C F-P NOISE5 
RANGE RESO‘uI?ON iflads + counts) RLFRON 

2 PF O.lfF 0.12% + (E&l x GIG, + 200) 6 fF 
2&s OSIS O.lz% + I 50 x UC, + 2wl 4ns 

10 fF 0.12% + (260 x G,Grs + 5) 90 fF 
10 ns o.l2%+(22xuc,+ 5) 6ons 

2°F X0 fF 0.12% +~ (260 x GIG, + 5) SC‘7 fF 
2ms loo ns 0.12% + ( 22 Y c/G, + 51 0.6s 
7nlF 1 PF 0.25% + (260 x GIG, + 5js 9 fF 
2oms 1 $8 0.25% + ( 22 x UC, +-m-5) 6,fi 

590&i and 5901100WlM FRONT PANEL SPECIFICATIONS 
Wh Diil *ccuRAcY 11 Years 

lsswc F-F NOISE’ 
RANGE BESOLUTION iwdg + umntsj FInm ON 

20 PF 1 fF 0.29% + (SO x G/G,, + 10) 6fF 
ZCQ PS 10 “s 0.29% + (I20 x UC, + 10) 4O”S 

Yr% 
10 fF 0.29% t 

Y 
x GIGS + 5) 

x-m “s 0.29% * I20 x UC, + 5) %f: 

SHUNT CAPACZTANCT 
LOADING EFFECt” 
iwd8i-k) 

0.1 % + (3 x G/G=) 
0.1 % + (3 x UC”) 
0.1 % + (3 x GIG,) 
0.1 % + (3 x UC,) 

0.02% + (20 x GlG,s) 0.1 % + (3 x GIG,,.) 
Km6 + ( 7 x CGS) 0.1’ % + (7 x CKn) 

0.02% + (20 x GIG,) 0.02% + (2 x G/G,) 
0.02% + ( 7 x UC,,) 0.02% * (3 x UC,,) 
0.1 % + (30 x GIG=) 0.02% + (2 x GIG”) 
0.1 % + (10 x CICrs) 0.02% + (2 x UC,) 

TEMPERATURE COEFFxaENr wuNT cAP*aTANcE 
W-WC & 28%50~c LOADING EFFECT” 
*&rag + counb,I~c l (%rdg + counts1 
0.02% + (20 ⌧ G,G,s) 0.5 % + (W ⌧ GIGm) 
0.02% + ( 8 ⌧ cic,s) 0.5 % + (lo ⌧ CGr) 

0.35% +~ 
0.33% + I 

40 ⌧ G,G,) 
16 ⌧ C/CR) 

2°F I‘Q fF 0.29% + (SOI x GIG, + 51 2WfF~~ 0.02% + (20 x GIG,s) 0.35% + (40 Y. GIG,s) 
2oms 1fi 0.29% + (I20 x CIC,s +~ 5) 1 PS 0.02% + ( 8 x CICPr) 0.35% + (16 x C/Cd 

Aamy is maximum limit t-m Qz20; typical for Q<ZO. 

NOTES: 
1. G = conductance reading; C = capacitance reading; Gm = fuU scale 
cmductance; C, = f”U scale capacitme. Range and acc”racy designa- 
tions based on parallel RC model. 
2. Rant panel 2Jzarq is IeIative to C.&ration same accuracy. Add front 
pamI accuracy and source accuracy for total accuracy. Factcry calibration 
source accumcy is 0.06% for 1COkHz and 0.08% for lMHz. CAL is to be 
used to cancei initial zero, gai”, and phase error terms withi” 8 hours of 
measurement or whenever ambient temperature changes by more than 
2oc. 

4. “Shunt Capacitance Loading’ is additional accwxy with equal shunt 
load cm Output and Input, per IOOpF shunt load. 
5. Noise spedfied with SOOpF shunt loading on Output and Input. Noise 
on 2pF and 2OpF ranges is tvpical with 1oOpF shunt load; 5oOpF wiU in- 
crease noise no more than x2. Measured at 10 rdS/s rate. 

CAPAClTANCE NON-LlNEAlUTYt <OS% of range, for Q>20 or 
D<O.OS, 18”-28°C. 

TEST VOLTAGE: lSmV nns ilO%. 
TEST FRBQUBNCY: 89011Wkz 1CQkHz. 54ollMz IMHz. Tolerance: +O.l%. 

BIAS SOURCE 
INTERNAL BIAS SOURCE OUTPUTz -20.00X’ to +2O.OOOV in 5mV 

Step. 
ACCURACY (1 Year, 18%8°0: i(O.ffi% setting + 10~1”) exdtive of 

loading e*ms. 
DC OurPuT RBSISTANCE: 50 madmum. 
TEMPERARIRE COEFFICIBNT (Oa-180C & 28°-5000: 

*(o.ws% + hv)IT. 
MAXIMUM ODTPllT CuBREm f5OmA. 
SETtTING TIME: <lms to 1% of f&l value. 
NOISE: Typically <2OOpV F-p, O.lHz-IMHz; 3mV F-p to 75MHz 
BIAS WAVEFORM: 

ts the programmed value. 

~~.-STAIR:output~sinincrrmMtsofBIAsS?zFVfromFIRsT 
BIAS V to LAST BIAS V, the” 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 DKFAUIT 
BIAS V to FIRST BIAS V for duration of SW TEwfE, then back to 
DEFAULT BIAS V). Also Fqwnmable for single pulse. 

EXTz AUows application of external bias sauce (via VOLTAGE BIAS 
mw. 

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

BIAS STEP V: Rogrammable in 5mV steps to 20V. Polarity selectable + 
or -. 

ST-T ~~ After transition from DEFALILT~ Be V to FIRST BIAS V, 
START TIME must elapse before first meas-ent. Programmable i” 
inaements of 1024ps from 1 to 65,536 increments. 
Accuracy: *(O.l% + hs). 

STEP TIME: The period between the ktitio” of BIAS STEP V and the 
Start of the next meas”rwne”t. Programma ble in increments of 1024q 

~frc!Qll to 65,536 fnaenlenis. Accuracy: ~f(O.l% +-lms). 
STOP TIME: The period between the end of the final measurement and 

the kawition from LAST BIAS V to DEFAULT BIAS V. Programmable 
in increments of 1024us from 1 to 65,536 i”aeme”ts. 
Accuracy: f(O.l% + lms). 

EXTERNAL VOLTAGE BIAS INPUT: Rear panel input tennhuls allow 
application of &emal bias source up to f2MIV, i5Gm.A. 
Input Impedance: lwk0 paralkled by l$. 

VOLTAGE BIAS MONITOR: Rear panel output terminals allow monitor 
of the DC BIAS SOURCE output or extemauy applied VOLTAGE BIAS 
INPUT; Level: IV = 1V wt. Output Resistance: Ikn. 

VOLTAGE BIAS DISPLAY: Front panel &-digit display allows direct 
readback of the DC BIAS SOURCE output or ater”aUy applied VOL 
TAGE BJASINPLIT. Acnnacy *(O.O5% + 5 aunts). Temperature Caef- 
ficient: *(0.005% +~ 0.1 count)/T. 



ANALYSIS CAPABILITY 
(Rogrammiog and output an&able 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 mea.sluemerlt triplets: capacttance, 
conductance, and voltage. In C vs. t, capxitmce and index only are 
stored (up to 1350 points). 

1I;pefforms the inverse of C on the capacitance data stored in reading 

~6:Anows~~tionofcapadtancereadings~~~inreadingbuffer 
to a user-pmgammable reference value Co. 

Cm: Searches reading buffer far the maaimum capacitance value. 
G-6: Sequentiauy computes the difference between comes ondin 

capacitance readings stored in reading buffer A and reading B # uffer 
Iv,-V.1: Calculates the corresponding difference in applied voltage for 

values of capatitance in reading buffer B equal to each valve in reading 
bufferA. 

C vs. t: Akws fast measurement of capacitance vs. time (loo0 rdgls). 

CABLE COMPENSATION 
Rip to 8 setups can be stored in non-volatile memory) 
CALIBRM’ION CAPAQTOR COMPENSATION: Corrects for emxs due 

tocablesorswitchingmatrixupto5metarseffe 
length. nvmlleeanwmen ts are made with cables and matrix terminated 
with pmision reference capacitors in place of the DUT. Model 5907 
CablelMath Calibration Cqa.itor Set required. Bus programmable only. 
MHz only. Accuracy: *(05% + appltcable front panel specification), 
typical. 

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

IEEE-488 BUS IMPLEMENTATION 
MIJLTILmEcoMMAND s: DCL, LLO, SDC, GET, GTL, IJNT, SPR, 

SPD. 
UNILINE COMMANDS: lFC, REN, EOI, SRQ, ATN. 
lh?TERFACE FUNCIION% S-D, AHI, TEO, LA, LEO, SRI, RLl, PFO, DC-l, 

DTl, El, CO (for stand alone plotting C28 is used). 
PROGRAMMABLE PARAMElXRs: Range, Function, Zero, Filter, Fre- 

Bias Waveform, Bias Parameters, Plottin 
~??&ger,Taminat~,4XIDataPointStorage. 

Plotter Parameters 
i!klibmiion, cable COG 

r&m, Display, Status, Service Request, Self Test, Output Format. 
TRANSLATOR: Up to 250 bytes of deSni!dore allow v&able pass@, def- 

inttin decomposition and listing. 

GENERAL 
DISPLAY: Three 4~-di@t displays for capadtance, conductance, and 

a 

voltage bias. 
~~I~b~4md or autoranging (for rates up to 18 Id&; 10% wermnge 

OVERRANGi INDICATION: Display reads OFLQ. 
AVAILABLE MEASUREMENT RATES (to tntemal buff-): 

4=&D&@ 1, 10, and 18 rdgls. 3yz-D&k 75 and loo0 rdgis. 
FILTERc l-pole analog; pole at 37Hz. Filters t&b capacitance and conduc- 

tame signals. For FlLTER off, multiply p-p noise specification by 5. 
CAL: Initiates ti&ation to intm-d reference capacttor. Used to cancel 

initial zero, gain, and phase errors. 
ZRRO: Allows zeroing of on range readings. Allows relative readings to 

be made with respect to a baseline value. 
MAXTMUM OVERLOAD: OLn’PUT, Voltage Bias Input: 20X’ internal- 

ly fused at ‘@. INFUT: Clamped by diodes to f0.N. M&mum current 
2wmA. Analog output% w. 

MAXIMUM COMMON MODE VOLTAGE (INPWI and OUTPUT, 
Volt~;~ In nt): 

lNF 
30V rms, dc to 6LlHz. Rear panel switch allows con- 

LiT low to chasw. 
ANALOG 0LTFli-B (Capacitance and Conductance): Level: 2V output 

at full range. Initial offset: i25mv. wt Reststance: lw. Response 
Time: lms to 1% of final value with fiiter off; 25ms maximum with 
filter on. 

FTOlTBR: Digital plotter output centrals IU’747OA plotter or equivalent 
using HPGL via IEEE-488 for real-time plotting of all measure*e*ts as 
well as results of math computations, with gdas and labels. Talks to 
plotter on address 05. HPGL commands used are lN, Ip, IW, PA, PD, 
Pu, SC, SI, SF. 

PRONT PANEL SFFWS: Up to 7 fmnt panel setups can be stored in non- 
voL@ile memory. 

EXTERNAL TRIGGER: ‘lTL compatible Fxtenul Tr@ger Input and 
output. 

INPUT CONNECTORS: Isolated BNC f& m and Voltage Bias Input. 
OUTPUT CONNECTORS: Isolated BNCs for OUTPUT, Voltige Bias Mont- 

tar, and Analog Outputs. Non-isokd BNCs/or External Mgger. 
ENVRONMEN’C Opding: O”-WC, relative humidity 70% nonamden- 

sing up to 35T. storage: -250 to +wc. 
WARMUP: 1 hour to rates3 accu.racy. 
COOLING: Internal fan and filter for foxed air cooling. 
POW!% lOEl25V or ZlC-w1V (external switch selected), 5OHz to 6oHz, 

loOVA madmum. 9&llOV and ISXZOV version available upon request. 
DIMENSIONS, WEIGHT: l33nvn high x 435mm wide x 44&m deep 

(5’/i in. x 17% in. x 17% in.). Net weight 9.Ikg (20 lbs.). 
ACCESSORIES SUPPLIED: Tiko Model 70515 BNC cables. 
ACCESSORIES AVAILABE 

Model 5904: 2OnF/2OmS Adapta 
Model 5905: Cal&ration Sources and Adaptas for 5901lM. 
Model 5906: Cal&ration Source and Adapters for 5YO/lM, 

59U/lOOk, 590/1OOk/lM, and 5904 
Model 5907: Cable/M&ix Calibration Sources 
Model 7w7-1: Shielded IEEE-188 Digital cable, lm (3.3 ft.) 
Model 7007-2: Shielded IEEE&?8 Digital Cable, 2m (6.6 ft.) 
Model 7051-2: BNC to BNC Cable, 0.5m (2 ft.) 
Model 7053.5: BNC to BNC Cable, 1.5m (5 ft.) 
Model 7051-10: BNC to BNC C&k, 3m (l0 ft.) 
speciacaaans sub++ to change wtdlout nolice 



5901lOOK ANALOG OUTPUT PERFORMANCE 

RANGE 

ACCURACY ti Year) 
180 -2vc 

k(% reading + mv) 
P-P NOISE’ 

ANALOG FILTER ON 

TEMPERATURE coEFFIaEwI SHLNTCAPAClT.4NCZ 
00 -w & 7.80 -WC LOADING EPFECl” 
iph lwiblg + mv) iPh readbIg + mvl 

20 pF 1%+~(5OxG/G,+l) 
206 1% + (20 x UC, + 1 ) 

2LW pF 1% + (50 x G/G, + 0.5) 
2OOps 1% + (20 x c/c,s + 0.5) 

2nF 2% + (50 x G/6+ 0.5) 900 fF 
ZUIS 2% + (20 x UC, + 0.5) 0.6~5 

2onF 3% + (50 x GIG, + 0.5) 
24hS 3% + (20 x UC, + 0.5) 

0.2% i (l0 x GIG, + 0.1) 0.1 % + (0.3 x G/G& 
0.2% + ( 4 x UC, + 0.1) 0.1 % + (0.3 x UC,) 

0.2% + (l0 x GIG, + 0.1) 0.1 % + (0.3 x GIG,) 
0.2% + ( 4 x CGs + 0.1) 0.1 % +~ (0.7 x UC,) 

a4% + (l0 x GIG, + 0.2) 0~2% + (0.2 x GIG,) 
0.4% + ( 4 x UC,, + 0.2) 0.02% + (0.3 x UC,) 

0.6% + (10 x GIG, + 0.1) 0.1% + (0.2 x GIG,) 
0.4% C~( 4 x UC, + 0.1) 0.1 % + (0.2 x UC,) 

Accuracy stated for Q 220 Typical enor for Q <20 . 

Wing Model 5904 2onF12Om.S INPUT ADAFTFR. 

NOTES: 

1. G = conductance reading; C = capacitance reading; G, = fidl scale 
conductance; C, = tidl scale capacitance. 
2. Range and accuracy designations based on parallel RC model. 
3v”Shunt Capacitance Loading’ is additional accumcy ermr with equal 
shunt load on Test Output and Test Input, per lWpF load. 
4 Noise specified with 5COpF shunt loading on Test Output and ‘I&t In- 
put. Noise on 2pF and 20pF ranges is typical with loopF shunt loading; 

5tXpF will increase noise no more than x2. 
5.5904 must be caliimted with a particular 59011WK to achieve this ac- 
clmxy level. 

TESI VOIXAGE: l5mV rms fU)%. 
TEST FREQUENCY: l~33kHz. Tolerance: tOI%. 

- 5901l.M ANALOG OUTPUT PERFORMANCE 

RANGE 

20 pF 
zoog 

ACCURACY (1 Year) TEMPERATURE COEFFIaENT SIIUNTCAPAClTANC?? 
180 -WC P-P NOISE’ 00 -WC & ‘28” -WC WADING EFFECT 

f(% reading + mvl ANALOG FIUER ON iv0 readlug +~ mv) *P/o reading + m&l 

2% + (75 x GIG, + 1) L2mV 0.15% + @ x GIG,) 0.5 % + (25 x GIG,) 
2% C~( 30 x UC, + 1) 0.75mv O.l5% + ( 6 x CIC,) 0.5 % + (1.0 x CL) 

200 PF 2% + (75 x GIG, + 1) l.4~inV 
2UiS 3% + (30 x UC, + 1) 0.9~ mv 

~J!.E% +~ U5 x GIG,) 0.35% + (4.0 x GIG& 
0.15% + ( 6 x UC,) 0.35% + ('I.6 x C/G) 

2nF UptolnF 5% + (I50 x GIG, + 1) 0.3 mv 0.15% + (l5 x GIG,) 0.35% +~(40 x GIGm) 
zolns up to IGms 5% l (40 ⌧ c/c,* + 1) 0.2.mv OS%.+ (6 x~CIC;s) 0.35% + 06 x gem) 

2& AbaelnF 5% + 300 x GIG, + 1) 
t 

03 mv 
2OmS Above 1GmS 7% + 40 x UC, + 1) 0.2 mv 

0.15% + (I.5 x GIG,) 0.35% + (4.0 x GIG,) 
0.35% + ( 6 x UC,) 0.35% + 0.6 x UC,) 

NOTE% 

l. G = eonduaance reading C = capacitance reading; G, = full scale Input. Noise cm 2pF and 2GpF ranges is typic.4 with l0lpF shunt loading; 
conductance; 6 = full scale capacitance. 5oOpF will iraease noise no more than X2. 
2. Range and accuracy designations based on parallel RC model. 
3. “Sh&t Capacitance Loading” is additional accumcy error with equal 
shunt load on Test Output and Test Input, per lwpF load. TEST VOLTAGE: l5mV rms flO%. 
4. Noise specified with 5oOpF shunt loading on Test Output and Test TEST FREQUENCY: n4lj.z. ~&mnce: &u.%. 



C~rttttins an overview of the instrument, incbxiing 
- features, unpacking b.tstn~&ons, as well as a brief 

- 
description of available accessories. 

SECTION 1 
General Information 

Indudes an ov&ew 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 possibIe. 

SECTION 2 
Getting Started 

This section contains detailed information on operating 
all available versions of the Model 590. Use this sec- SECTION 3 
tion as a reference to all front panel operation. Operation 

,., ,.. ,” 

Section 4 contains information on connecting the 
Model 590 to the IEEE488 bus and programming the 
instrument from a computer. 

SECTION 4 / 
IEEE-488 Programming / 

ItI I 

Outlines procedures necessary to verify &at the Model 
590 and the 1OOlcHz and lMH.z modules are operating 
within stated specifications. 

SECTION 5 
Performance Verification 

A complete description of operating principles for the 
instrument is located in this section. Analog, digital, SECTION 6 
microcomputer, and power supply circuits are des- 
cribed, as are the IEEE-488 interface, and the capaci- 
tame modules. 

Principles of Operation 

Details maintenance procedures for the Model 590, in- 
cluding fuse replacement, line voltage selection, calibra- SECTION 7 
tion, and troubleshooting. Maintenance 

- Includes replacement parts information, schematic 
diagrams, and component location drawings for the 
Mode1 590. 

SECTION 8 
Replaceable Parts 
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SECTION 1 
GENERAL INFORMATION 

1 .l INTRODUCTION 

This section contains information on Model 590 features, 
warranty, manual addenda, specifications, and ssfety 
terms and s bols. Also included are procedures for un- 
packing and%specting the instrum ent, 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 Manual Addenda 
1.5 Safety Symbols and Terms 
1.6 Specifications 
1.7 Unpacking and inspection 

a!!k 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 
1OOkHz or lMH.z, depending on installed modules. The 
Model 59011OOk tests at loOkHz, while the Model 59011M 
operates at lMH.z. The Model 59O/lOOk/lM can test at both 
1OOkHz and lMHz. Test voltage for both frequencies is 
15mv RMS. 

The Model 5901100k measures capacitance and conduc- 
tance on four ranges: 2pF/&S, 2OpF/20@, 200 FI200pS, 

1~ and 2nFQrnS (the optional Model 5904 Input A apter can 
extend the 1OOkHz measurement range to 2OnF/20mS). 
Shnilarly, the Model 5901lM measures capacitance and 
conductance at lMHz on three ran es: 20 F/200&, 
2OOpF/2mS, and 2nFl2OniS. The Mode 59011 OkllM in- 5 B 
eludes both measurement capabilities. 

- 

- Key Model 590 features include: 

l A standard internal +2OV bias source that can generate 
staircase, pulse imin, or DC waveforms. Provision to con- 
nect an external bias source of up to *2OOV DC are also 
included. 

l 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~d.ata can be stored; 
one set can be saved for plotting while another test is 
being performed. 

l Standard plotter driver software allows the hIode 590 
toTontro1 an intelligent digital plotter over the IEFE-488 
bus, simplifying a variety of different plot types, in- 
cluding C vs V, G vs V, l/C= vs~ V, and Clc, vs V. 

l Nominal reading rates of 1, 10, l&75, or loo0 readings 
per second allow you to choose the best compromise bet- 
ween resolution, noise perfo-ce, and speed. 

l Selectable analog filtering is included to minimize noise. 
l External trigger inputand output capabilities are included 

to synchronize the Model 590 with other equipment such 
as external bias sources. 

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

l Isolated analog and digital sections, which allow 
measurements with common mode voltages up to 3OV 
RMS. 

l Internal calibration reference sources for maximum 
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. 

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

l Up to seven different instrument configurations can be 
stored and later recalled to simplify imimment conflgura- 
tion. The factory configoration can also be recalled at the 
touch of a button. 

l A standard IEEE-488 interface is included, allowing the 
instrument to be programmed from a computer. En- 
hanced Keithley Translator software simplifies pro- 
gramming. 
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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, Frame, 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 coneming changes or improvements to the in- 
strument which occur after this manual has been printed 
will be found on an addendum sheet inchrded 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 
ontheinstrum 

The symbol althea-~tindLatffthattheuser 
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 carefully inspected and packed~before 
shipment. Upon receiving the instrument, carefully unpack 
ail 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. 0 

1.7.1 Shipment Contents 

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 shipped already in- 
stalled and calibrated. Available models include: 

59011OOk 1OOkHz capacitance module only 
59o/lM lMfiz capacitance module only 
5ti/lOOk/lM Both 1OOkHz and lMHz capacitance 

modules. 

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

1.7.3 Additional Instruction Manuals 

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

1.8 PREPARATION iOR USE 

1.8.1 Line Power 

The Model 590 is intended to operate from 105-l25V or 
210-25OV AC power sources. A special power transformer 
may be installed for $61lOV 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 
y0i.u 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 6OHr 
power sources. 

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 
primaryaddress 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, completes the following: 

Write ATTENTION REF’AIR DEPARTMENT on the ship- 
ping label. 
In&de the warranty status of the instrument. 
Complete and h-&de the service form at the back of this 
m.snual. 

1 .lO OPTIONAL ACCESSORIES 

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

1.10.1 General Accessories 

Model2288 Fixed Rack Mount Kit-The Model 2288 Kit in- 
cludes two ganged brackets and hardware for mounting 
Eb$eyiel 590 in a standard 19-inch equipment rack or 

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 lP-inch 
equipment rack or cabinet. 

Model 5904 Adapter-The Model 5904 extends the 1OOkHz 
measurement range of the instrument to 2OnF/2Oms. The 
Model 5904 mountsdirectly on the INPUT and ODTFUT 
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-l IEEE-488 Cable-The Model 7007-l lm (3.3 
ft.) shielded IEEE-488 interface cable is equipped with a 
shielded IEEE-488 connector (metric) on each end. 

Model 7007-2 IEEE-488 Cable-The Model 7007-2 2m (6.6 
A;) shielded IEEE-488 interface cable is equipped with a 
shielded IEEE-488 metric-saew connector on each end. 

Model 7051 BNC to BNC Cables-The Model 7051 cables 
are made up RG-58 503 cable terminated with a male BNC 
connector on each end. Three lengths are available: The 
Models 7051-2, 7051-5, and 7051-10 are 0.511-t (2 ft), 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 accoracy verification of the Model 590. 
Each source is mounted in a shielded test Rxture, which 
is equipped with BNC connectors. These fixtures are in- 
tended to connect directly to the front panel test INPUT 
and OUTf’UT jacks to avoid cable errors (except for the 
Model 5907 sources, which connect to cables through sup- 
plied adapters). 

Sources used with each mode1 are summarhed in Table 
l-l. Table l-2 summarizes nominal source values. 

Table l-l. Calibration Source Sets by Model 
Number 

*Used for cable correction only; not needed for normal 
calibration. 
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Model 5905 Calibration SOWC~S-The Model 5905 set con- Table l-2. Calibration Sources and Nominal Values 
bins all the capacitance and conductance souxes necesmy 
to calibrate or verify accuracy for the Model 59011M. See 
Table l-2 for sources. 

Model 5906 Calibration Sources-The Model 5906 sources 
are necessary to calibrate or verify the Model 590 when 
used with a Model 5904 ZO$/ZOmS Adapter, and are also 
needed to complete calibration or accuracy verification of 
a Model 59O/lOOk or a Model 59011OCkllM. 

Model 5907 Calibration Sources-The Model 5907 sources 
are intended for cable correction when using the calibra- 

4.7pF, 18pF, 47pF, ISOpS, l.SmS, 18116 

“Model 5905 and 5906 include right angle ada er and 
BNC short for driving point-cable correction c ai? ‘bration. 

tion capacitor method of cable correction. The Model 5907 
includes both 47OpF and 1.8nF capacitance sources, and **Model 5907 inchxdes two female BNC-to-BNC adapters 

adapters for connecting the sources to the ends of the test to connect source to cables. 

cables. tModeI5906 also includes all sources in Model 5905. 
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SECTION 2 
GETTING STARTED 

2.1 INTRODUCTION 

This section contains intmductory 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 desaiption of operating CO~IIK& and test connedions. 
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 
ins&ument to line power, properly sekct line voltage, and 
the typeof 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 measurements. 

2.2 FRONT PANEL FAMILIARIZATION 

An overview of the Model 590 is given in the following 
paragmphs. The front panel of the instrument is shown in 
Figure Z-l, along with a brief desaiption of each item. Table 
2-l is a cross reference to other sections of the man& where 
more detailed information may be found. 
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Table 2-1. Model 590 Front Panel Cross Reference 

IieXtl 
1 LOCAL 
2 POWERS 
3 RANGE 
4 Fi=Q 
5 MODEL 
6FILTBR 
7 RATE 
8 ZERO 

16 GRID 
17 SETUP/ABORT 

18 A (Increment) 
19 7 (Decrement) 
20 ENTER 
21 BUJZER 
21 A-B 
22 SHJlWQUlT 

23-34 Data Entry 

23 CABLE CAL* 
24 CABLE #I* 
25 SELF TEST* 
26 SAVE* 
27 RECALL* 
28 IEEE* 
29 l/C* 
30 c/cl 
31 c,"k 
32 C,,-C, 
33 ly,-V,] c=colist. 
34 Cvst 
35 
36 

Capacitance Display 
Cotiductance Display 

37 TALK, LISTEN, REMOTI 
38 Bias Voltage Display 
39 BUFFER and MEASURE 
40 INPUT 
41 OUTPUT 

Description 
Cancel remote, restore local operation. 
Control AC ‘power. 
Select mnge, auto, x10 attenuator. 
Select 1OOkHz or IME test fre uency. 
Select series R and C or paralle C and G. ? 
Control single-pole analog low-pass filter. 
Select 1, 10, 75, or 1000 reading per second rate. 
Enable, disable baseline suppression. 
Calibrate unit to internal standard. 
Initiate reading or sweep. 
Program trigger mode and source. 
Turn DC bias on or off. 
Program bias wavefom type. 
Program bias voltages and times. 
Plot over IEEE-488 bus. 
Draw grid and label graph. 
Select grid type, labels, ,line,p pe? type, buffer, ;d scaling. 
ABORT stops plottmg or gn generation. 
Scroll through menu. 
Scroll through menu. 
Enter parameters. 
Display buffer A or buffer B data. 
Transfer buffer A data to buffer B. 
Add second function to some keys, cancel menu, buffer, or 
parameters. 
Program numeric data. 
Scroll cursor when progmmming parameters. 
Calibrate cable for 1OOkHz or lMJ& use (driving point only). 
Select cable correction parameter set. 
Perform test of internal components. 
Store up to seven instrument setups in NVRAM. 
RecaIl up to eight instrument setups from NVRAM. 
Program IEEE-488 primary address (O-30). 
Invert C and square value. 
Display normalized capacitance. 
Display maximum capacitance. 
Display differ&t between buffers A & B 
Plot AV at constant C. 
Display C as a function oft time (buffer index).~ 
Display capacitance reading. 
Display conductance read@g. 
Show IEEE-488 bus status 
Display programmed or measured bias voltage. 
Indicate display and reading status. 
BNC connector to measure test signal. 
BNC output ~applies lOLX& or lMHz test voltage and bias 
voltage to circmt under test. 

Paragraph 
4.7 
2.4 
3.5 
3.6 
3.7 
3.8 
3.9 
3.10 
3.11 

E 
3:14 
3.14 
3.14 
3.16 
3.16 
3.16 

3.13 
3.13 
3.13 
3.15 
3.15 
Several 

3.13 

3.20 
3.20 
3.18 
3.17 
3.17 

E9 
3:19 
3.19 
3.19 
3.19 
3.20 
3.4 
3.4 
4.7 
3.14 
2.2 
3.3 
3.3 

Press SHIFT first to access these modes. 

2-2 



GETTING STARTED 

El LOCAL-Pressing this key when the unit +s in 
remote (REMOTE on) returns the instrument to 
the local mode (REMOTE OFF) and restores 
operation of other front panel controls unless 
LLO (local lockout) is in effect. 

El POWER-POWER controls AC line power to the 
instrument. The unit will be off when the switch 
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 q 
area. 

CONTROL GROUP 

El RANGE-Press RANGE Iniefly to manually 
select rtige: 2pF (1OOkHz only), TOpF, 2OOpF, or 
21-3. Pressing and holding RANGE for more than 
a half secon;d places the-tit in autoranging, as 
shown b 

P 
AUTO indicator. Press RANGE a ain 

to cance auto and stay on present range. S AFT 
RANGE switches in X10 attenuator to extend 
lOOkI& measurement range to 2OnF with exter- 
nal optional input transformer (Model 5904). 
Press !ZHFJ? RANGE again to cancel X10. 

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

El 

Ranges Include: 

1OOkHZ 
2pFl2pS 

2nF/2ms 2nF/20mS 
2OnF/2Oms* 
*Requires Model 5904 Input Transformer and X10 
attenuator 

FREQ-Press FREQ to select test frequency, 
1oOkHz or IMHz at 15mV RMS. The excitation 
voltage is applied to the circuit under test along 
with the progr-ed bias voltage through the 
OUTPUT jack. The associated indicator wiU in- 
dicate the selected frequency. CONFLICT mes- 
sage will be displayed if you attempts to use the 
X10 attenuator at lh4H.z. FREQ cti also be used 
to disconnect internal test voltages from the 
device under test. The tit 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 iostru- 
ment always measures and stores buffer data in 

P 
arsllel 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 
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GETTING STARTED 

Full Scale Conductance/Resistance: Digital 
Key# Rate Resolution Readings Fil&ing 

lOOkI%? llMH2 0 10001sec 3%* 
G R G R 

C only No 

: 
pc g* C, G, V No 

2 C. G. V Yes 
2im 3 l/SW 4% C; G; V Yes 
2OOkfl 2oo!.Ls 2OOkQ *Data displayed only after sweep is finished and 
2OkQ hS 2OkQ calculated. 

El 

2ms 2ki-l 2oms 2kQ 
2Oms 2OOQ 

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 & 37H.2, 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 in&ument response time. 

El 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 bof- 
fer header. Note that enabling zero reduces the 
dynamic range of the measurement, and that the 
zero value is carried from one mnge to another. 

El RATE-Press RATE then AN (or RATE) to saoll El CAL-J?ressing CAL performs an automatic one 
through the rate selection menu: 1, 10, 75, or point calibration,of the selected module on the 
1000 readings per second (or press the numeric current range using an internal 2OpF or 200pF 
key indicated below). Press ENTER to seled~ @~p+ling on range) capacitance source, and is 
RATE, or QTJIT to return to the previous rate. The intended to corn nsate for shoe-term thermal 
slower rates will provide more resolution and drift. CAL shoul ge be used for each mnge at both 
quieter readings, as indicated below. frequencies for optimum accuracy. 

NOTE 
NOTE Do not press and hold CAL during the 

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

Figure 2-1A. Model 590 Front Panel (Cont.) 
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GETTING STARTED 

- 

TRIGGER GROUP 

q 

Ill 

Front panel trigger messages include: 

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. 

Key # 
NUllltiC 
Message Description 

TRIGGER MODE One reading 
l-SHOT per trigger 
TRIGGER MODE voile sweeo 

MODE/SOURCE-Press MODE then AN , 
MODE, or numeric key (see list below) to select 
a trigger mode: one-shot or sweep, then press 
ENTER. In One-shot, the instnunent will process 
one reading per irigger, 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 
sources. 

SWEEP per tiigge; 
TRIGGER SOURCE Front Panel 
Fr MANLJAL 

Press SOURCE (SHIFT MODE) then MODE or 
A/Y to 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 T%compatiile pulse applied 
to the rear panel trigger input jack), tis well as 
GET, X and talk commands sent over the 
IEEE-488 bus. 

button* 
1 TRIGGER SOURCE External trig- 

EXT ger pulse 
2 TRIGGER SOURCE IEEE talk 

TALK command 
3 TRIGGER SOURCE IEEE GET 

GET command 
4 TRIGGER SOURCE IEEE X 

~~X~~ command 
*Always enabled regardless of selected source. 

Figure 2-1B. Model 590 Front Panel 
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GETTING STARTED 

Press ABORT (sm SETUP) to halt plqtting or 
grid generation. 

Parameters include: 

Para- Grid 
meter Line Type Type Label Type 
0 Dot at points FUJI grid Full labels 
1 Spaced dots Axis only Labels axis 

and divisions 
2 Dashes - Labels axis 

OdY 
No labels 
- 

1. Multiply programmed times by 1.024 for ac- 
tual time intervals. 7 

2. Minimum stop time with pulse waveform is 
50msec (IOlsec rate). meter Plot Type 

0 c “S v 

Long dash 
Dash dot 
Long dash 
short dash 
Long dash 
short dash, 
long dash 
Solid line 

- 
- 

- 

- 

- 

Programmed 
Message Limits Resolution 
SIARTTJME lms to 65sec lmsec 
sToPT!mE lm to 65sec lmsec 
STEP TIME lms to 65sec lmsec 
FIRST BIAS V -20x7 to 2oV 5mv 
LAST BJAS V -20x7 to 2oV 5mv 
STEP BJAS V -20V to 2ov 5mv 
DEFAULT -20V to 2oV ~5rnV 
BIAS V COUNT* 1 to 450 (1,350 

ate looo/sec 
rate) 

*Selects number of readings stored for external 
and DC bias wavefom. 

**Voltages can be programmed to lmV, but are 
set in 5mV steps. 

NOTES: 

Type Buffer 
No Den A 

PLOTTER GROUP 

Ed 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 

El 
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 SETUF’ parameters. 

El SETUP/ABORT-pressing SETUP enters the 
plotter setup menu which allows selection of the 
parameters below. Use ~A or v to scroll through 
menu selections then press the appropriate mm- 
her (below) when desired selection is displayed, 
then ENTER. 

1 G vs V* B 

: 
llc2 “S v ii - 
c/co “S v - - 

i 
c “S t** - 
c*-c, “S v 

6 [v.,-V,]C=CONST 1 1 

*R vs V with series model. 
**Plots buffer index. 

Para- 
meter X Axis YAxis 
0* Auto scaling Auto scaling 
1** User-defined User-defined 

scaling scaling 
*X axis scaled tq minimum and nmximum values 
Y axis scaled according to range ~of function. 

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

Figure 2-18. Model 590 Front Panel (Cont.) 
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GETTING STARTED 

-- -- tWHt I-l- - 

Increment (&-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 saoll through buffer loca- 
tions when displaying buffer data. 

Ia 
Decrement (V-Like the incrementkey, decre- 
ment is used to scroll through parameter menus 
and buffer locations, but in the opposite 
diI&iOIL 

ENTER-ENTER is used as the last step in the 
menu and parameter selection process to a$ually 
perform the operation being programmed. 

BUFFER-Pressing 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 V to-se-- 
quentially access various buffer locations. The 
capacitance (C), conductance (G), and measured 
bias voltage (I’) for each buffer location w-ill then 
appear on the display as you access them. The 
BUFFER LED will be on while the unit is display- 
ing buffer data. Pressing BUFFER while access- 
ing the buf?er displays the last valid buffer loca- 
tion. Pressing ENTER displays the first~valid buf- 
fer location (location Xl). Press QUIT to etit the 

IATA 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 AID 
readings are stored, and buffer B is the plotter 
buffer. Buffer A will be cleared after the data is 
transferred. 

SHLFUQlJl’-SHIFT adds a secondary function 
to certain other front panel keys, in&ding 
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. 
Tf you press a key which has no second functior~ 
after enabling shift, the primary function of that 
key will be performed. For example, SHlFlY 
MODEL is the same as MODEL. 

Press QUIT to retmn to normal operation while 
selecting menu options, programming para- 
meters, or viewing buffer data. 

buffer. 

Figure 2-1C. Model 590 Front Panel 
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GETTING STARTED 

q to El NUMERIC DATA KEYS (C-9, k,-) - Ia 
These keys are used to enter numeric data when 
programming such items asp bw~parmeters. 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. m 

NOTE 
H 

q 

Ed 

q 

Do not press - during power up, or in- 
sixument 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~m 
ends of the connecting cables must be left open 
during the correction process. Once the correc- 
tion is complete, you will be @en an oppor- 
tunity to store the correction scheme for the par- 
ticular cable (l-7) you are using at the update op-~~-- El 
tion. TWO other forms of cable correction are 
available only over the IEEE-483 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 (O-7). Once selected, the unit will 
automatically use the previously stored cable cor- 
rection pammeters when making measurements. 
Note that correction set up #O turns offcable car- Ed 
rection 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 ins&u- 
ment will return to normal operation; however, 
if an error occurs, an INVALID mess&&ili be 
displayed. 

*SHIFT must be pressed first to access these modes. 

SAVE*-SAVE allows you Jo save up to seven 
complete instrument configuations in NVRAM. 
To use this featue, simply select the operating 
configuration and then press the SAVE button. 
Key in the position (l-7) that you wish to save. 
Note that state 1 is the con&oration 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 
(O-7) and press ENTER. Note that state 0 is a fac- 
tory default configuration p ermanently stored in 
ROM and cannot be altered.~ State 1 is the con- 
figuration the ins@ument assumes upon power 
up. RECALL can also be used to restore normal 
buffer display after using a math function. 

IEEE*-Press IFEE to verify or program the 
lFEE4%3 primary address. Use the number keys 
tom select a primary address value (O-30). Press 
ENTER to program the new address. The pro- 
grammed address will go into effecter 
immediately. 

MATHEMATICAL FUNCTIONS 

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

l/C-Pressing l/C2 inverts *e ~apaci@nce value 
in each data~word of the selected buffer and then 
squares it; the’ value for each pointy wilI be 
displayed as you access that~ word location. 

Figure 2-1C. Model 590 Front Panel (Cont.) 
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GEITING STARTED 

C/Co-This feature allows you to display nor- q 
malized capacitance data. Each capacitance value 
in the selected buffer will then be divided by Co 
and then displayed. The maximum capacitance 
presently stored in the buffer is automatically us- 
ed for Co. 

Cm,-Pressing 6, displays the maximum 
capacitance value stored in the selected buffer. 

CA&-This key allows you to q&tract ea& 
capacitance value in buffer B from the cor- 
responding values in buffer A. 

W., -V,l 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 constanf 
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 A/I to scroll through 
vaious buffer locations. The buffer location 
number will be shown in the L+z voltage display. 
You can calculate the time at a specific location 
as follows: 

ti = tars + (tamp + l/R) (B) 

Where: ta = time at a s@ecific buffer locatioti~~ 
t szan = programmed start time 
t n.p = prog-ed step time 
R = reading rate (readings per second)* 
B = buffer_location-cuq+r 

*Use actual rate, not the nominal displayed value.- 
Also multiply times by 1.024. 
Programmed timesmust be multiplied by 1.024 
to obtain actual times. 

Figure 2-1C. Model 590 Front Panel (Cont.) 
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GETTING STARTED 

CAPACTMNCE DISPLAY-The normal capaci- 
tance display is a 4%-d@ 21,999, ~-19,999 co@ 
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 is available (for example, if the AID con- 
figuration is changed, or of no valid buffer data 
is stored when accessing the buffer). Note that 
display resolution is 3% digits at the 75 and 1000 
reading per second rates. 

CONDUCTANCE DISPLAY-The nominal con- 
ductance display is a 4%digit (3%‘~ digits at the 
75 and 1000 reading per second rates), 21,999, 
- 19,999 Count value, with engineering units also 
displayed in pS or mS for conductance (parallel 
model) or kQ or MQ for resistance (series model). 
Again? the decimal point indicates the selected 
range in conjunction with the displayed 
engineering units. Like the capacitance display, 
dashes will appear if no valid reading is 
available. 

@I IEEE-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 DEEE-488 
bus. The TALK and LISTEN indictor 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 tmn on to indicate when the in- 
strument is placed in remote by addressing the 
unit to listen w.ith 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. 

Ed BIAS VOLTAGE DISPLAY-The 4%-d@ bias 
voltage display indicates the programmed or ac- 
tual measured value of the internal *ZOV bias 
source or the applied external bias voltage. While 
progr&g bii parameters, the display will 
show the progTammed value. When the unit is 
displaying readings or stored buffer values, the 
display will show the bias voltage as measued 
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. 

1 

Figure 2-1D. Model 590 Front Panel 
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GETTING STARTED 

5J BUFFER AND MEASURE-BUFFER will be on 
while the insinunent 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. 

ZL - 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 groun&ng switch on the rear panel 
is in the floating position. 

El OUTPUT-OUTPUT provides a composite of the 
l$kHz or lMHz (depending on selected frequen- 
cy), l5mV RhG test voltage and the DC bias 
voltage, either internal or external (WARNING: 
up to ZOOV DC may be present between output 
high and output low when an external bii 
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). Maknmn common-mode voltage for 
OWIJT is 30V RhJS v&en the rear panel grown- 
ding switch is in the floating position. 

I4 HIGH 

@ LOW 

BNC 
(ANALOG COMMON) 

CONNECTOR 

Figure 2-1 D. Model 590 Front Panel (Cont.) 
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GETTING STARTED 

= ’ 2.3 REAR PANEL FAMILIARIZATION which also gives a brief description of each item. Table 2-2 
lists oaraerauhs in this manual where more detailed in- 

The rear panel of the Model 590 is shown in Figure 2-2, formkio~o~ each subject may be found. 

Table 2-2. Model 590 Rear Panel Cross Reference 

42 VOLTAGE BIAS INPUT I 
48 VOLTAGEBIASMONITOR 1 
44 Grounding Switch 
45 CONDUCTANCE 
46 CAPACITANCE 
47 IEEE-488 INTERFACE 
48 EXTERNALTRIGGERlNPlJT 1 
49 EXTERNAL TRIGGER OUTPUT 
50 LINE VOLTAGE Selection Swit 
51 LIh’EFUSE 
52 tie Receptacle 
53 Fan Fjlter 
54 Exhaust Vents * 

Apply 2OOV m2ucimum DC bias voltage. 
Monitor internal or external bias voltage. 
Select floating or grounded operation of analog common. 
Scaled O-2V conductance value. 
Scaled O-2V capacitance value. 
Interface unit to IEEE-488 bus. 
Input TTL pulses to trigger readings. 
Output TTL pulses to trigger other instruments. 
Select operating voltage range. 
Protect AC line input. 
Connection for AC input. 
Filter cooling air. 
Exhaust cooling air. 

3.14 
3.14 
3.3 
3.22 
3.22 
4.3 
3.12 
3.12 
2.4 
7.2 
2.4 
7.8 
2.1 
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GETTING STARTED 

El VOLTAGE BIAS INPUT-This BNC connector Ed GROUNDING SWITCH-The position of this 
is intended to apply external bias voltage up to switch controls floating or grounded operation of 
&!OOV DC, 5Gm4 maximum. Note that the in- the, following jacks: OUTPUT, INPUT, 
put is internally fused to protect the insuument VOLTAGE BIAS INPUT, VOLTAGE BIAS OUT- 
from over current conditions. The voltage~apphed PUT, and the two ANALOG OUTPUT jacks. 
toBL4SIhBXiTwillbeappBedtothecircuitunder When the switch is in the floating position, the 
test through the OUTPUT jack only when exter- outer rings of these jacks can be floated up to 3oV 
nal biasing is selected with the WAVEFORM key RMS above ground. When the switch is in the 
and when the bias voltage is turned on (BIAS grounded position, the rings are connected to 
ON). chassis ground. 

q ~~ VOLTAGE BIAS OUTPUT-This BNC output 
jack provides a means to monitor the selected 
bias voltage (external or internal) applied to the 

dil E 

!=LDATlNG 
circuit under test. The output resistance is lkQ; 
thus, the input resistance of the monitoring in- 
strument should be greater than lOOk to 
minimize the effects of loading. 

-EiiG 
GROUNDED 

El 

4 

HIGH 

q CONDUCTANCE ANALOG OUTPUT-This 
output jack provides a scaled voltage proportional 

(%U)G COMMON1 

to the conductance reading. The range of the out- 
put is 0-2V, full scale. For example, the nominal 

VOLTAGE B!AS AND ANALDG OUTPUT 
output value ti be 1V with a 1OpS reading on 

BNC JACKS the 2GpF/2OpS range. Output impedance is lkR. 

Ia 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 14OpF reading on the 2OOpF/2oO~S 
range will be 1.4V. Output impedance is lkR. 

Figure 2-2. Model 590 Rear Panel 

2-14 



GETTING STARTED 

q IEEE-488~ INTERFACE-This c&n~tor pro- @ 
HIGH 

vides a means to interface the Model 590 to the 
IEEE488 bus. When connected to a controller, ’ 
inslnunent operating modes can be pro: 
gmnmed 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 
TRlGGERlNPUT is aBNC jack to be used for ap- 
plying a trigger pulse to initiate a one-shot or 
sweep reading, depending on the trigser 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 
TlScompatible, negative-going pulses with a 
duration greater than 1~~. The center conduc- 
tor is high and the outer ring, which is connected 
to IEEE common is low, as shown below. 

El TRIGGERS ON 
LEADING EDGE 

I* 
>l@C 

q . lhs BNC jack provides a ‘ITLcompa@&, 
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). 

Eil 

--4 

READING DONE (ONE SHOT) 
SWEEP DONE (SWEEP) 

STAYS HIGH DURINk 
READING OR SWEEP 

TTL HIGH 
(3.4V TYPICALI 

(0.25V TYPICAL) 

OR RE-TRIGGERED 

LOW 
(IEEE-488 COMMON) 

--RIG&R 8NC JAcl$S’ 

LINE VOLTAGE SELECTION SWITCH-The 
position of this switch determines the operating 
voltage range of the instrument: lO~l25V or 
ZlO-25OV (a special transformer is available for 
90-11OV and X30-2ZOV 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 ins&u- 
ment damage may occur. 

•j ;‘NEW& 

SO-1lOV OR 105~125V 

LINE VOLTAGE 

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 
then fuse with one that has a larger rating than 
specified may cause instrument damage. 

El AC INPUT RECEPTACLE-This receptacle is the 
AC power line input for the unit. Use only the 
sumlied oower cord or the eauivslent with a pro- 
p.&iy g&unded AC outlet t6 ensure conti~ed 
protection against shock hazards. 

H 

FAN FILTER-The fan filter keeps dirt from be- 
ing &awn into the instrument by the internal 
cooling fan. The filter opening should be kept &se 
of obstructions to ensure proper instrument cool- 
ing. Clean the filter periodically to assure proper 
air flow (See Section 7). 

EXHAUST VENTS-The exhaust vents direct air 
from the inside of the instrument under pressure 
generated by~tbe internal cooling faq. They too 
must be kept free of obstructions to ensure pro- 
lx3 cooling. 

Figure 2-2. Model 590 Rear Panel (Cont.) 
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2.4 POWER UP PROCEDURE 

The steps in the following paragraphs will take you 
through the basic procedures for selecting the line voltage, 
connecthg the instrument to line power, and turning on 
the i.n8tTument. 

2.4.1 Line Voltage Selection 

The Model 590 can be operated on line voltages in the 
range of 105l25V or 210-UOV, 50 or 6OHz (a speci+ p0y.e: 
transformer can be installed for 90-11OV and 180-220V 
ranges). Before connecting the unit to line power, make 
sue 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 6OHz AC power source. The female 
end of the cord connects to the AC receptacle on the rear 
panel of the instnunent. 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 tom 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 seconds 
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 
cslibration may be compromised if the CAL switch 
is in the unlocked position. 

2.4.4 Power Up Self Test and Display 
Messages 

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

1. A RAM and ROM checksum test. Jf ti error is found 
as the result of one of these tests the insbument will 
display either all OS for a ROM failure, or alI As for a 
RAM failure. Either type of error is considered fatal, and 
the instrument will lock up. Refer to Section 7 for 
troubleshootinzz tmxedures. 

2. 

3. 

4, 

.,. 

NOTE 
If the instrmnent is still under warranty (less than 
otie year from the date of shipment), and a pro- 
blem develops, it should be returned to Keithley 
Instruments, Inc. for repair. See paragaph 1.9 for 
information on retuning the unit. 

Assuming the unit successfuUy 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 Dl, but 
your particulsx iostrmnent 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. 
Next, the programmed rimary address will be 

P displayed as in the examp e below: 

IEEE ADDRESS 15 

In this example, the factory default 
15 is being &played. The adual disp % 

rimary address of 
yed address will, 

of course, depend on the programmed value. 
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 icon- 
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 
Range 
Flequency” 
Model 
Filter 
Rate 
zero 
Trigger Mode 
Trigger Source 
Bias Source 
Bias Waveform 
Start Time 
Stop Time 
Step Tie 
First Bias 
Last Bias 
Bias Step 
Default Bias 
Count (#readings DC or 
external) 
Plotter Grid Type** 
Plotter Pen Type** 
plotter Line Type** 
Plotter Label Type** 
Plot Type** 
Buffer to Plot** 
XY s=*g** 
IEEE Primary Address** 
Cable #** 

“59011OOk or 590/1OOk/lM units 

NOTE: This configuration can be altered with SAVE 1 ex- 
cept **. To restore tbis configuration, use RECALL 0. 

Condition 
2nF 
1oOkHZ 
Parallel 
On 
10 readingslsec 
Off 
Sweep 
Front Panel (MANUAL) 

lmsec 
ov 

t; 

ov 

450 

0 (Full Grid) 
1 (Fen #l) 
7 (Solid Line) 
0 (ml Labels) 
0 (C vs v) 
0 (Buffer A) 
Off 

15 
7 (to front panel) 

2.4.6 Warm Up Period 

The Model 590 can be used immediately when it is first 
turned on. Note, however, that the unit must be allowed 
to warm up for at least one hour to achieve rated accumcy. 
Note, however, that you must use the CAL key to obtam 
rated accomcy if the ambient temperature changes by more 
than 2% 

2.5 BASIC MEASUREMENT TECHNIQUES 

The following paragraphs wilI take you through simple 
step-by-step procedures to take one-point measurements, 
obtain simple CV lots, and 
measurements. TK s 

erform fundamental C vs t 
ese proce ores are intended only to 

serve 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 tbis section. Paragraph 3.2 covers connecting 
methods in more detail. 
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___-------- -- COAXIALCABLE 

_--- --- 

PROBER SHIELDS- 
CONNECTED TO 
CABLE SHIELDS 

A. CONNECTIONS 

S. SIMPLIFIED EQUIVALENT CIRCUIT 

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 
~~d-yY 

ZEL 
1ookHz or lMH.2 Use cable correction at IMHz. 
Parallel Unit always measures using parallel model. 

Reading Rate 1 reading per second Maximum resolution/minimum noise. 
Trigger %TE l-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 +2ov Select desired bias level. 
Bias Voltage Status ON On Enable bias voltage before measuring. 

2.5.2 Basic One-Point Measurements parallel form, and the resulting data is internally converted 
to serial form when that model is selected. The analog out- 

Ordinarily, the Model 590 would be used to take a number put ‘w9’s refleas parallel mode1. 
of readings with the resulting data plotted as a group of 
points. In some instances however, you may wish to take 
a singIg reading with or without a specific bii voltage and step 4: Se1ea a Readmg Rate 
display the result. Table 2-4 .mmnmizes recommended con- 
trol settings for basic single-point measurements. Use the Since speed is not generally a requirement for single-point 
&& proEe&,$ ~~~~f6~~~~~s~~l~-~o-m~~~~~~ on ~.~~~p+men+~ VW wordd~ p?&ly~~~se a rea&ngrafe of -------I , 

- the front panel. one per second for maximum resolution and minimum 
noise. 

Step 1: Select Test Frequency 
Step 5: Select the Trigger Mode 

If your unit is equipped with both 1OOkHz and IMHz 
modules (see rear panel), you can select the test frequen- To display a single reading place the ins&m-tent in the one- 

cy by pressing the FREQ button. Measurements made shot ixigger mode by pressing the TRJGGER MODE key 
through cables, at lMHz should.,use cable cow&on, as repeatedly until the I-SHOT message is displayed. Press 
discussed in paragraph 3.21. Cable correction is not ENTER to select the new trigger mode. 
necessary when the device under test is connected directly 
to the front panel test jacks. Step 6: Program the DC Bias Source 

Step 2: Select a Range If you intend to ap~lv a DC biis voltaee to vour test cir- r-d ~~~~ ~~~~ 
cuit. use the WAVEF m~~:ORM key to select abCb&s waveform, 

Use the RANGE button to select a range consistent with then program the first bias voltage with the Pm 
the anticipated measurement, or use autoranging, if and dataenq keys. Theprogr amma.bIe range of the inter- 
desired. For best accuracy, select the most sensitive range nd bias source is f2OV. Before measuring, turn on the bias 
possible for the expected capacitance and conductance source with the BIAS ON key, unless you are not using the 
readings. bias voltage, in which case you should leave it turned off. 

Step 3: Select Parallel or Series Model Step 7: Bigger a Reading 

The test circuit can be modeled either as a parallel conduc- Press the TRIGGER MANUAL key to trigger and display 
tame and capacitance, or as a series resistance and a single set of capacitance, conductance, and biis voltage 

readings. The reading set will remain on the display until 
- 

capacitance. You can select the display model with the 
MODEL key. Note that the insfnunent always measures in you press MANUAL again to trigger a new set of readings. 
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Table 2-5. Initial Control Settings for Plotting 

1 control 1 setting 1 comments 
1 RANGE 1 As rem&d 1 Use most sensitive ranee uossible. 

Mode 
Range 
poydw 

Reading Rate 
Analog Filter 
Zero Baseline 
Trigger 
Bll Waveform 
Bii Start Time 
Bias stop Time 
Bii Step Time 
First Bias 
Last Bias 
Step Biis 
Default Bias 

RATE 
FILTER 
ZERO 
MODE 
WAVEFORM 
PARAMETER 
PARAMETER 

loo& or llvmz 
Parallel 
10 per second 
Off 
Off 
Sweep 
Single staircase 
lmsec 
lmsec 

PARAMETER 10msec 
PARAMETER -5V 
PARAMETER +5V 
PARAMETER O.lV 

1 i%&&viETERI OV I * 

Use cable correction at”*. 
Unit measures pamIle model. 
Best speed-resolution compromise. 
Not necessary unless readings are noisy. 
Use only to subtract baseline. 
One complete reading sweep. 
Often used waveform. 
* 
f 

*These values depend on requised bias parameters. 

2.5.3 Basic Plotting Techniques Step 3: Select the Sweep Trigger Mode 

Use the basic procedure below to take a set of data points Using the MODE key, select the sweep tigger mode. This 
and gaph the results on a plotter. Table 2-5 summarizes mode will allow you to take one complete set of data points 
control settings for a basic CV plot. This method is usable for later plotting. 
only with a digitsl plotter. CV plots can also be obtained 
by using an X-Y recorder with the analog outputs (see 
paragraph 3.22). Step 4: Select the Bias Waveform 

U&the WAVEFORM key to select the required type of bias 
Step I: Connect the Plotter waveform. Typically, you will probably use either the 

single or dual staircase waveforms. 

Connect an Hl’747OA plotter (or any other similar plotter 
using HPGL) to the instrument with a suitable IEEE-488 
cable. Step 5: Program Waveform Parameters 

For most waveform types, you can program start and stop 

NOTE hold times; step delay times; and start, stop, and default 

When performing stand-alone plotting, the plot- voltage levels. Each of these parameters can be programm- 
ter must be in the addressable mode using a ed~ through .- UJS “I ULS 1 -- -c “--~?AR4h@,TER and data entry keys. 

primary address of 5. Also, disconnect the con- Recommended values for the purposes of this demons&a- 
troller from the bus when plotting eoom the front tion are listed in Table 2-5. After programming these 

pd. parameters, make sure the biis voltage is turned on. 

Step 2: Select Control Fumtions Step 6: Trigger a Readiig Sweep 

Using the appropriate front panel controls, select the range, With your circuit connected to the test jacks, press the 

test frequency, and model. Select a 10 reading per second MANUAL button to trigger a reading sweep. The instru- 
rate with the RATE key. 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. C 
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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 (SHIFJI BUFFER) button. Once the transfer is com- 
plete, you can tri 
writing your old 3 

ger a new reading sweep without over- 
ata. 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 

Grid Type 
Pen Type 
Line Type 
Label type 
Plot Type 
Buffer 
X Scale 
Y Scale 

1 
0 
0 

I 

Jf desired, you can view data points before plotting by 
*Use SEXUP or A I V to scroll through modes. 

pressing BUFFER. Select buffer B (if transferred in step 7), **Press number key then ENTER to program value. 

then use A and V to scroll through data points. press 
QUlT to cancel buffer access. Step_ 10: Plot the Data 

Table 2-6. lnitial Plotter Set Up 

0 

Description 
Full Grid 
Pen #l 
Dash-dot 
FUJI Labels 
cvsv 
Buffer B I .- 

Step 9: Set Up Plotter Parameters To plot your data, press the PLOT key. Data previously 
placed in the plot buffer will then be graphed. Figure Z-4 

Use the SETUP key to select the following plotter sb.ows an example of a graph made in this manner. To stop 

param@ers: grid type, pen type, line type, label type, plot plotting, press the ABoRT key. 
type, buffer, and XY scaling. Table 2-6 lists recommended 
settings for simple plots. Use the numb 
the appropriate parameter, then press Step 11: Draw the Grid 

- parameters are programmed. 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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II-.01 X W/k%‘z!) 33NVlIWdV3 

Figure 2-4. Plotting Example 
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DEFINITIONS: 

ts,m=START TIME (PROGRAMMED) 

tm.=STOP TIME (PROGRAMMED) 

b=STEP TIME (PROGRAMMED) 

tr=READING INTERVAL=tm,+l/R 
lR=READING RATE) 

TIME COMPUTATION: 

t~=tmrr+(tsmr+llRl B 

WHERE: B=SUFFER LOCATION # 

t=TIME AT BUFFER LOCATION 

A. CAPACITANCE 

START 
SWEEP 

TRIGGER 

8. BIAS VOLTAGE 

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

IvIoae 

Range 
porgy 

Reading Rate 
Analog Filter 
zero 
Trigger 
Waveform 
Start Time 
Stop Tie 
Step Tie 
Default Bias 
First Bias 
count 

cunrrv, mxullg C”UWLkZ‘lW 

RANGE As required Do not overrange reading. 
l+=Q ykJ& or lMHL Use cable correction at lMHs. 
MODEL Unit measures parallel model. 
RATE lOOO/sec Fastest rate. 
FILTER Off Filter increases response time. 
ZERO Off Use only to subtract baseline. 
MODE Sweep One complete sweep. 
WAVEFORM DC Single level for C vs t. 
PARAMETER lmsec Minimum start time. 
PARAMETER lmsec Minimum stop time. 
PARAMETER 10msec Nominal step time. 
PARAMETER OV * 
PARAMETER +5v * 
PARAMETER 100 Select number of readings. 

Yl-tese values depend on required bii levels. 

2.5.4 Fundamental C vs t Measurements Step 4: Select a DC Bias Waveform 

Use the following basic setup procedure for simple C vs Press WAVEFORM repeatedly until you see the DC 
t measurements. The procedure assumes that you have a waveform display message. Press ENTER to program the 
test circuit already connected to the instrument. Table 2-7 waveform type- 
summarizes typical control settings for these measure- 
ments. Figure 2-5 shows a typical C vs t waveform and also c 

defines certain terms. For complete details on C vs t Step 5: se1ed a Reading Rate 
measurements, refer to paragraph 3.20. Use the RATE key to program the desired reading rate: 

1, 10, 75, or 1000 readings per second. Keep iu mind that 
Step 1: Select Measurement Frequency ~~~~ the interval between measurements is the sum of the 

reading interval (reciprocal of the reading rate) and the pm 
If your unit is equi ped to measure both at 1OOkHZ and 
lMFJ.z, select the 2. 

gr smmed step time. For the fastest possible C vs t measure- 
esrred frequency with the FREQ key. merits, select a rate-of 1000 readings per second . 

oiep L: Select a Range Step 6: Program Bias Waveform Parameters 

Use the RANGE key to select the desired measurement Using the PAR&EZER and data entry keys, program the 
range. Be sure to choose a range high enough to handle default bias, first bias, start; stop, and step times. Typical- 

the largest reading you expect. Autorangin is not recom- ly, the default bias is set to zero and the first bias is pro- 
mended for C vs t measurements, espe cialfy at the faster grammed to the amplitude of the pulse bias step, as shown 
reading rates. 

in Figue 2-5. 

CI_- r). TX-..-_- ‘L^ c _.._^ - .b-Lser Mode The progr-ed step time depends on the required time 
interval between measurements (the total time interval is 

Press the MODE key until the SWEEP trigger mode the sum of the step time and the reciprocal of the reading 
~o~~sge is displayed. Press ENTER to program the sweep 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 
- 

Step 10: Display and Compute C vs t Information 
- 

Press MANUAL to trigger a re&ng sweep. The ins&u-~ :.cess C vs Ho display the reading buffer location numbers. 
ment will then perform the sweep and make measure- The buffer location will replace the bias voltage informa- 
ments at the programmed intervals. As measurements are tion on the display. Use A/I to scroll through buffer loca- 
taken, readings will be placed in the A/D buffer for later 
recall. Note that valid data will not be displayed until the 

tions and display location information at those points. 

sweep has been completed at the 100 and 1000 reading per 
second rates. Cumulative time at a specific location can be computed as 

follows: 

Step 8: Transfer Buffer Contents ta = 1.024 tshrt + WI24 tt, + 1 /R) (B) 

Press the A - B button (SHFT BUFFER) to place data just 
taken into buffer B. Again, this step is not essential, but Where: t, = time at a specific buffer location 
it is recommended to avoid posslMe lost data. t., = programmed St& time 

Lp = pronammed step time 

Step 9: Access Buffer Data 
R = az reading rate‘ 
B = buffer location number 

Press BLFFER to access data taken durinzx the reading 1.024 = multiplier to obtain actual times 
sweep. Select buffer B then use A or V to &roll throu& 
the various buffer locations. Note that data for each par- Note that the actual (not~nominal) rates should be used 
tic&x location includes a capacitance, conductance, and (see paragraph 3.9). 

bias voltage value (except fo;fhe 1000 reading per second 
rate, which includes only capacitance data). 
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SECT 
OPER, 

3.1 INTRODUCTION 

This section contains a complete, detailed desaiption of 
each hont 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 titerpret both capacitance and conductance read- 
ings from the front panel display, and details some 
aspects of hardware control. 

- 3.6 Range Selection: Covers manual and auto range selec- 
- tion, as well as use of the X10 attenuator tid optional 

Model 5904 Adapter to extend the measurement~range 
of the unit to 2OnF at 1OOkHz. 

3.6 Frequency Selection: Details methods for 1oOkHz and 
lh@lz test frequency selection, as well as some precau- 
tions necessary when using each frequency. 

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

3.6 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 z&o 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 triggeT input and output jacks. 

ION 3 
4TION 

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 progmm- 
miug bii waveforms, voltages, ar@ *es, as well as the 
use of the rear panel external bias input and b&monitor 
output jacks. 

3.16 Buffer Operation: Outlines 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 con6guratiow in NVRAM. 

3.16 Self Test: Outlines the self test program that can help 
determine if any internal problems are present. 

3.19Mathematical 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 lMH2. 

3.22 Analog Outputs: Details operation of the capacitance 
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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Message 

-.--pF,-.---US,-.---~ 
OVFL 
OVERLOAD 
coNlwcT 
INVALID 
NEED 1OOkHz 

NEEDlMHi 
TRlGOVRRRUN 

MULTiPLIERFAIL 

J 

Table 3-1. Error Messages 

Description 

No valid reading available 
C, G, or V ovenange 
Module input overloaded 
Mode selection conflict, or already plotting 
Parameter iuvalid, or self test error 
1OOkHz CV module not installed 

lMHz CV module not installed 
Unit triggered while processing reading or 
sweep. 
Self test indicates multiplier failure 

3.2.1 Error Messages 

Error messages are those messages which require some 
form of Crective action on your part in order to properly 
take a reading or program the instnxnent. For ekample, 
the OWL 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 bf these 
messages are also covered in pertinent paragraphs of the 

Cormxtive Action 

Trigger reading 
Move up range 
Move up range 
Do not use modes together 
Program valid parameter 
Do not select 1OOkHz 
module 
Do not select lMHz module 
~ondil reading or sweep 

See tro;bleshooting in 

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

3.2.2 Informational Messages 

lnfonnational messages are induded as an aid in program- 
ming the unit. No comective 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 

TRIGGER MODE l-SHOT 
TRIGGER MODE SWEEP 
TRIGGER SOURCE FP 
TRIGGER J~OURCE EXT 
TRIGGER SOURCE TALK 
TRIGGER SOURCE GET 
TRIGGER SOURCE X 
BIAS WAVEFORM DC 
BIAS WAVEFORM STAB7 
BIAS WAVEFORM DSTAIR 
BIAS WAVEFORM PULSE 
BIAS WAVEFORM EXT 
START TIME 
STOP TIME 
STEPTIME 
1ST BIAS V 
LAST BIAS V 
STEP BIAS V 
DEFAULT BIAS V 
GRID TYPE O-l 0 
PEN TYFE O-2 1 
LINE TYPE o-7 
LABEL TYPE O-3 G 
PLOT TYPE O-6 0 
BUFFER O=A l=B 0 
X SCALE N=O Y=l 
Y SCALE N=O Y=l 
UPDATE N=O Y=l 
BUFFER A=0 B=l 
IEEE ADDRESS 
SETUP NUMBER? 
CABLE NUMBER? 
BUSY 
READING RATE 10 
SELF TEST 
CALCULATJNG DATA 
DISCONNECT 

3.3 TEST CONNECTIONS 

Key(s) 

MODE 1~ 
MODE 

1 Description 
I 
One reading per trigger 
One sweep per trigger 
MANUAL button triggering 
External trigger pulse triggeriug 
IEEE talk co mmand triggering 
IEEE GET co mmand triggering 
LEEEXCO mmand triggering 
DC~ bias level 
Single staircase bias waveform 
Dual staircase bias waveform 
Pulse bii waveform 
External bias source 
initial delay &first bias step 
Fii delay after last bias step 
Delay time for each bias step 
Jnitlal bias voltage in waveform 
Final bias voltage in waveform 
Bias step size of each bias increments 
Bias voltage before and after sweep 
Plotter grid type 
plot pen number 
Plotter line type 
Plotter label type 
plot type 

ye&p; 

Y axis scaling 
Update parameter? 
Buffer selection 
Display IEEE primary address 
Setup position to save or recall 
Cable # to save, recall 
Unit performing calibration 
Display/program reading rate 
Unit running self test 
Unit computing at end of sweep. 

SOURCE 
SOURCE 
SOURCE 
SOURCE 
SOURCE 
WAVEFORM 
WAVEFORM 
WAVEFORM 
WAVEFORM 
WAVEFORM 
PARAMETER 
PARAMETER 
PARAMETER 
PARAMETER 
PARAMETER 
PARAMETER 
PARAMETER 
SEl-lJp ~~~~~ 
SETUP 

z: 
SETUP ~~ 
SETUP 

~~ 
CABLE CAL 
BUFFER 
IEEE 
SAVAVEYCALL 

CAL 
RATE 
SELF TEST 

=Q 1 Test voltages disconnected from test jacks. 

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

The following paragraphs discuss methods for m&ng the low. 
test connections necessary to measure capacitance and con- 
ductance with the Model 590. Grounded and floating 
operation of the test jacks are also covered. WARNING 

The INPUT and OUTPUT jacks may be floated 
up to 30V RMS above chassis ground when the 

3.3.1 BNC Test Jacks 
rear panel grounding switch is in the floating 
oosition. Exceedina this value may create a 
ihock hazard. - 

- Both test INPUT and OUTPUT are BNC jacks, as shown 
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I ,-HIGH I 

Figure 3-1. input and Output 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. 

1. Use only RG-58 type of coaxial cable for both OUTPUT 
and INMJT. Maximum recommended cable length is 
five meters. The Keithley Model 7051 cables can be us- 
ed for connections. 

2. When measuring through cables at lMH.z, ou should 
use cable cone&ion to compensate for cab e transmis- P 
sion line effects. Paragraph 3.21 covers cable correction 
programming in detail. 

3. The maximum common mode voltage for both the test 
OUTPUT and INPUT is 30V RMS, 42.4V peak when the, 
rear paiwl grounding switch is in the floating position. 
Analog common caMot be floated above ground when 
the switch is in the grounded position. 

4. Excessive shunt capacitance in the cable or test fixture. 
may de 
noise. ET3 

ade accuracy of the measurement and increase 
nsult the specifications for degradation and’ 

noise figures. 

When making measurements, keep the following points 
inmind: 
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4 

RG-58 - RG-58 - 
4XIAL CABLE r---------~---~ COAXIAL CABLE 

r----~ 
---- 

l 

=J , t ; 
- 

I 
PROBER SHIELDS 
CONNECTED TO 
CABLE SHIELDS 

‘/=-I 

FARADAY SHIELD (OPTIONAL) 

L---------I 

i----~-~--T---l,X~*~C~~SS,S 

IEST CONNECTION PROCEDURE: 4. Make sure probe shields are carried through as close 
to the wafer as possible; These shields should be con- 

,. Connect the RG-58 BNC cable between the test OUT- necked to ~&e BNC connecting cable shields. 
PUT and the test input terminal of the test fixture (not 
supplied). 

5. A faraday shield, surrounding the wafer and chuck, 
incorporated into the test fixture, may be necessary 

!. Connect a second RG-58 BNC cable between test n\T- to minimize noise. This shield must be insulated from 
PUT and the output of the test fixture. the prober chassis and connected to analog common 

;. Select grounded or floating operation with rear panel via the BNC cable shields. 
switch. (WARNING: maximum common mode &The prober chassis should be connected to earth 
voltage is 30V RMSL ground as indicated above. 

Figure 3-2. Typical Test Connections 
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____------ 
MODEL 590 

Figure 3-3. Equivalent Circuit of Test Connections 

3.3.3 Grounded and Floating Operation 

The outer rings of the TEST INPUT and OLJTPUT jacks 
are connected to analog common, which can either be con-~ 
netted to chassis ground or floated up to 30V R$fS above 
ground potential. 

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

To selectgrounded or floating operation, simply place the 
rear panel gro@ing switch in the appropriate position, 
as shown in Figure 3-4. Note that the rear panel BLAS and 
analog outputs will also be affected by this switch. 

Grbuixded 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 co-on must 
be floated above chassis ground potential, or if ground loop 
problems occur (as may happen if other, grounded in- 
sinunents are connected to the test fixture), the instrument 

should be operated with analog common floating. See 
paragraph 323.1 for a detailed discussion of ground loops. 

I A. ANALOG COMMON FLDAnNG 
I 

I R ANALOG COMMON GROUNDED 

I 

Figure 3-4. Floating/Grounded Operation of Analog 
Common 
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CAPACITANCE CONDUCTAN&? (PARALLEL1 BIAS 
VOUAGE 

I I 

, RESISTANY ISERIES), , , , 

-- -- -- -- 

Figure 3-5. Capacitance, Conductance (Resistance), and Bias Voltage Displays 

3.4 READINGS AND HARDWARE CONTROL 
A 

tame, replacing the previously used mho). The display will 
show conductance in S or mS when uarallel model is 

w The following paragraphs discuss capacitance and conduc- selected. Note, however, that the &tit will display 

tame readings and some hardware control notes. resistance 5 this position when series model is selected, 
& discussed in paragraph 3.7. 

3.4.1 Capacitance and Conductance Displays Note that conductance is simulv the recimocal of resistance 
and is calculated as follows! ’ 

1 

Capacitance and conductance readings 5ve shown on the 
front panel display, as shown in Figure 3-5. The 1 

‘capacitance reading appears in the left portion of the 
display, and the conductance reading appears in the right 

G + jwC = 
R + JwC 

portion of the display. Both readings are a 3%digit or 
4%digit signed value, depending on the selected reading 
rate. Where: G is the conductance in s&ens 

R is the resistance in ohms 
C is~the parallel capacitance 
C’ is the series capacitance. The capacitance and conductance displays will show either 

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

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

NOTES: 

1. The display will show dashes in place of numeric values 
if no valid reading is available. To d&play readings, trig- 
ger the unit with an appropriate triggers 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 RAE key. IvEASuRE indicates the relative -a&g 
rate. Only one reading set per trigger stimulus will be 
displayed in the one-shot tigger mode. 
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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,C!OO 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 +ZO,ooO 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 Figure 3-5. Depending on several fac- 
tors, this display will show one of the following: 

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

2. A buffer bias voltage value: When accessing buffer in- 
f-tion (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 dis 
counts nominal P 

lay resolution is 4% digits (*ZO,OOO 
at the 1 and 10 reading per second 

rates, and 3% digits (+2,ooO counts nominal) at the 75 
and loo0 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 dis 
when the 75 or 100 g . 

layed during a reading sweep 
readmg per second rate IS 

selected. 
3. The a&al 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. 

3.4.3 Hardware Control Considerations 
a 

Those keys which generally affect hardware operation in- 
clude: RANGE, FILTER, ZERO, FREQ, RATE, and CAL. 
When using these keys, keep in mind the following point% 

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 buffer (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 in ut transformer to extend the measurement range 
of the 1 Fil kHz module to 2OnF. 

CONTROL 

3.5.1 Available Ranges 

The available ranges depend on the measurement frequen- 
cy, e summarized in Table 3-3. Note that the 2OnF range 
is not available when measuring at lMKz. The optional 
Model 5904 input transformer must be used in conjunc- 
tion with the X10 attenuator to extend the 1OOkHz measure- 
ment range to 2OnF. Also, there is no 2pF, lMH.z range. 

Table 3-3 al+o shows full scale displayed values for.each 
range. These values show 4%-d@ resolution, whxh 1s 
available only at the 1, 10, and 18 per second reading rates 
(the 18lsec rate is available only over the IEEE-488 bus). 
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Table 3-3. Range Summary 

Range 

lOOkHa lMHz 
Full Range Reading* Range Full Range Reading* 

2pF/2pS 1.9999pFll.9999fi.S 
2OpF/2Ofi 19.999pFl19.999pS ZOpF/200/6 19.999pF1199.99iS 
2OOpF/2OO*S 199.99pF/199.99@ ZOOpF/2mS 199.99pF11.9999mS 
2llFLhS 1.9999rW1.9999mS ZOpF/2OO@S 19.999RF1199.99pS 
2OnF/2OmS** 19.999nF119.999mS - - 

*4Yz-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. 

**2OnF/2OmS range requires 5904 adapter and x10 attenuator, and is not available 
at IMHz. 

Table 3-4. Range Error Messages 

Message Description / Corrective Action 
I I 

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

OVERLOAD Module input overload Move up range or app- 
ly smaller C or G 

CONFLICT X10 attenuator csnnot be Do not use conflicting 
used at lMHz modes 

3.5.2 Invalid Reading Indications 

Basically, there are two conditions that may cause an in- 
valid reading indication. Fit, 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: 

OVFL 

To correct this condition, select a higher range. 

A more serious situation exists iu cases where the input~m~ 
amplifier of the CV module is saturating. In thiscase, the 
unit will display the following error message: ~~,- 

OVERLOAD 

Module saturation means that the test signal current is tooo 
high~for the test input amplifier. Under these circum- 

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 mnge until 
a valid reading is noted by the absence of error messages. 
Table 34 summaria es error messages assodated with im- 
proper range selection. 

NOTES: 

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

&An overload condition is not flagged at the analog out- 
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 1OOkH.z or IMHz test frequencies, 
or the DC bias voltage. 
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3.5.3 Manual Range Selection 

To select ranges manually, simply press the EANGE but- 
ton briefly ( <‘/r second) to move the instrument up range. 
Each time you 

8 
ress RANGE, the instrument will move 

up one range. nce the highest range is reached, the unit 
vdl switch to the lowest range the next time you press 
RANGE briefly. 

Pressing RANGE briefl 
sr 

will also cancel autorange, if that 
mode is Presently enab ed. Jn this case, the unit will stay 
on the presently 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 optimum range in order 
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 
insirument 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 ran es than 20nF with the X10 
adapter is not specified. d erefore, the useof autorang- 
innn,$ the Model 5904 X10 adapter is not recom- 

2. When taking data with rapidly changing bias wave- 
forms, manual rangin should be used to ensure con- 
sistent timing for ea ci! pomt. Measurement time can 
vary widely during autoranging. 

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

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 

By using the internal X10 attenuator in conjunction with 
the optional Model 5904 2Ofi12OmS Adapter, the 1OOkHz 
measurement ran e of the Model 590 can be extended to 
2013, as describe ~below. % 

X10 Attenuator 

Use the procedure below to enable the X10 attenuator. 

1. Connect the Model 5904 2Oti/2OmS Adapter to the test 
jacks (see below). 

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

3. Select a measurement frequency of 1OOkHz with the 
=Q key. 

4. Press SHIFT RANGE to enable the attenuator. The X10 
LED next to the RANGE key will illuminate to indicate 
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. 

NOTES: 

1. The X10 attenuator is intended for use with the optional 
Model 5904 2O.eF/2OmS Adapter (see below). Since the 
instrument has no way of sensing 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. 

2. The X10 attenuator may be used with other ranges, if 
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, 2OOpF/200pS, 
2nFQmS, and 2OnF/2OmS. The tit can be o&rated for 
Model 5905 used on the 2OpF through 2nF ranges, ii 
desired. See paragraph 7.3. 

3. The X10 attenuator is not available for use at lMHz. The 
following message will be displayed if you attempt to 
enable the attenuator with a lMH!z test frequency 
selected, or if you attempt to enable to select a lMHr 
test frequency with the X10 attenuator enabled: 

CONFLICT 
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DWIAY 
ERROR 

MESSAOE 

d5 END 

Figure 3-6. Flow Chart of Autoranging Operation 

4. The Model 5904 must be calibrated with a particular 
Model 590 to achieve stated front panel accuracy. 

1. Use only RGSS type coaxial cable to make the test con- 
nections. Maximum recommended cable length is five 
meters. 

Input Transformer Connections 
2. The maz&u.un common-mode voltage for tloating opera- 

tion is 3OV RMS. 42.4V oeak. 

Figure 3-7 shows typical connections when &ng the 
3. Excessive shunt ~pacitake will degrade accuracy and 

- Model 5904 Input Transformer. Keep the following points 
increase noise. 

- in mind when configuring your test setup. 
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MODEL 590 

RG-58 

--I OAXIAL CABLE r-- 
- -.-~-~-~-~.- - - _ 

1 II 

r--- -----1 
WAFER 

l 

I 7 
PROBERS 

I I 

L! I / 
: ===s\ +!===j. 1 ’ Jj 

PROBER SHIELDS 
CONNECTED TO 
CABLE SHIELDS I 

WAFER 4 

I cHucK-I 

1 

FARADAY SHIELD (OPTIONAL1 

L--- 
-~--t---T---’ 

h L PROBER TEST FIXTURE CHASSIS 

TEST CONNBCTION 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 t%ture. 

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. Selects grounded or floating operating with the rear 
panel switch. (WARMNG: maximum common mode 
voltage is 3OV RMS.) 

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 minimme 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 (SHB?T 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 20pFl20mS Adapter 
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RANGE 

CONTROL 

If your instrument is equipped for 1OOkH.z and lMH.z 
operation, you can select the desired operating frequency 
simply by pressing the FREQ button. Doing so will cause 

FREQ 
the unit to change to the other frequency, as indicated by 

q lOOK 
RATE the associated LED. Pressing FREQ again will sele~ct the 

•~MHZ 
disconnect~mode, as discussed in paragraph 3.6.5. 

MoDEL urn ol,,, 

= 3.6 FREQUENCY SELECTION 3.6.2 Test Voltages 

An intend signal somce supplies a 1OOkHz or lMH2, 
15mV RMS test voltage. Available frequencies as well as 

The nominal test outputLvoltage for both 1OOkHz and 

the frequency selection procedure are covered below. 
lMHz is 15mV RhE, with a tolerance of f 10%. The fre- 
quzmm~~;~~pf~ both the 1OOkHz and lhG+ test 

3.6.3 Selecting a Frequency 

Figure 3-8 shows a flowchart outlining frequency selection. 

NOTES: 

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

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

- 3.6.1 Frequencies Available by Model 

There are three available models of the 590. The Models 
59011oOk and 5901lM supply test voltages at frequencies 
of 1oOkHz and lMHz res 
will operate at either 1 & 

ectively. The Model 59O/lCWlM 
kH.z or lh@iz. Table 3-5 sum- 

maizes 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) 

59011OOk 1ookHz, +O.l%; 15mv RMs*, ilO% 
5901lM lMH2, +O.l%; 15mv RMs,* +lO% 
590/1ookml lOokH2, lMH.z, +O.l%; 15mv 

R&is*, ilO% 

DISCONNECT 

*Open &-wit value 

Figure 3-8. Frequency Selection Flow Chart 
- 
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3.6.4 Frequency Error Messages nored, but the second trigger will cause a trigger over- 
ruu condition. 

Error messages associated with frequency selection are 3. No valid data will be stored or be made available over 
summarized in Table 34. lhe bus while in the disconnect mode. 

Table 3-6. Frequency Error Messages 

Message Description 

3.7 SERIES/PARALLEL MODEL 
The following paragraphs cover measurement model, how 
to select the model, and discuss series-parallel eqoivslents. 

NEED loOk 1OOkHz module not installed 
NFED lM IMHz module not installed I 

CONTROL 

CONFLICT X10 attenuator enabled when selecting 
lMHz, 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 havin to remove the connectin cables attached 
to the test EW 5JT and OUTPUT jacks. + . o &sconnect 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 INlWT 
and OLJTPUT jacks, allowing the center conductors of 
these jacks to float. In addition to the DISCONNECT 
messages, both the lOOkJ3z and lMHz LEDs will turn off 
while the unit is in the disconnect mode. To return to nor- 
mal operation, simply press FREQ again. 

NOTES: 3.7.1 Measurement Model 

1. Calibration, pressing, CAL, or CABLE CAL are illegal The Model 590 measures the capacitance, C, and the con- 
when the unit is in disconnect; the instrument will ductance, G, of an equivalent parallel circuit connected be- 
display a CONFLICT message under these conditions. tween the test OUTPUT and test INPUT jacks. Figure 3-9 

2. The fir.4 trigger received while in disconnect will be ig- shows an equivalent circuit of the test configuration. 

--------- 
I 

f) OUTPUT 

vv 

ANALOG COMMON 
-__---~--- -I 

Figure 3-9. Equivalent Circuit of Parallel Capacitance and Conductance 
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A 

w 
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 III 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 psmllel 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 
e 

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, 8. 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 &cuit is 2. 

G 
Y=G+JB 

6 = oC, ICAPACITIVEI 

OR 

B = 1 IINDUCTIVE) 
- 

& 

iA1 PARALLEL CIRCUIT 

Z=R+JX 

X = 1 (CAPACITIVE) 

z 
OR 

X = w4 IINDUCTIVE) 

(61 SERIES CIRCUIT 

Figure 3-10. Series and Parallel Impedances 

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

1 
R+JX= 

G + jB 

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

1 
R + jX = 

G - jB 
x 

G + jB G - jB 

Table 3-7. Resistance and Conductance Ranges 

100kHz lhmz 
Parallel Range Series Range Par+llel Range Series Range 

2pF/2pS 2pF/2Ma 
2OpF/20fiS 2OpF/200kQ 
2 2 F/20W1 

2OpF/200kS 
20 F/2& 

2% 232ko 2n%2Oms 
E~ops 

2OpF/2OOkQ 
&O$$;kQ 

2OnF/2oms* 2OnF/2OOn* 

*5904 and X10 attenuator required. 
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Performing the multiplication and combining terms, tie:For the series circuit, the dissipation factor is defined as: 
have: 

G - jB .2 = WC& 
R+jX= Q 

G= + B= 

By using the dissi 
If we assume the reactance is capacitive, we can substitute I! 

ation factor along with the formulas 
summarized in Ta le 3-8, you can convert from one form 

- l/oC, fci? the reactance and UC, for the susceptance (C, to another. Note that C, and C, are virtually identical for 
is the equivalent series capacitance, and C, is the equivalent very small values of D. For example, if D is 0.01 C and 
parallel capacitance). The above equation then becomes: C, are within 0.01% of one another. 

R-j ~1 G - joC, 
-= Example: 

WC G= + o=Cp= 
Assume that we make a measurement on a partid 
equivalent circuit and obtain values for C, and G of 16opF 

Jn a lossless circuit (R and G both 0), C, and C, would be and 3Ofi respectively. From these values, we can calculate 
equal. A practical circuit, however, does have loss because the dissipation factor, D, as follows: 
of the finite values of R or G. Thus, C, and C, are not 
equal-the greater the circuit loss, the larger the disparity 30 x 10-c 
between these two values. 

D= 
Zn(104l x 10’) (160 x 10-l*) 

Series and parallel capacitance values can be converted to 
their equivalent forms by taking into account a dissipation D = 0.3 
factor, D. D is simply the reciprocal of the Q of the circuit. 
For a parallel circuit, the dissipation factor is:~ 

The eouivalent series cw&tance is then calculated as 
follows’: 

C, = (1 + 0.09) 160pF 

C +T 174.4pF 

Table 3-8. Converting Series-Parallel Equivalent Circuits 

Resistance 
capacitance Conductance 

Model circuit Dissipation Factor Conversion Conversion 

m PamllelC,,G D=t =s G=(l+D’)C, R=&G 

1 C, D2 
WI- Series C, R ,, =- -~~wGK c, =- G= 

Q 1 + D’ (l+D’)R 
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- 
3.8 FILTER NOTES: 

- 
The analog filter can be used to minimize the amounts of 1. The analog filter increases instrument response time to 

noise appearing in the displayed readings, and at the changes in input signals for the conductance and 

anal0 capacitance readings. Thus, inaccurate readings may 
trol 0 f 

outputs. The following paragraphs describe con- 
the analog titer; a typxal filter response curve is result if the filter is used while measuring with rapidly 

also given. changing bias waveforms. Table 3-9 summarizes 
nominal response times to various percentage of final 

CONTROL 

RANGE FILTER ZERO 

FREQ 
q lOOK 

RATE CAL~P 

0 0 01~~2 0 

MoDEL UC-J 0 a*+ 
L- 

values. 
2. The effects oft the analog filter are reflected at the 

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

3. The malog filter has no effect on the voltage bias 
reading. 

4. Pressing FILTER will abort a sweep. 

Table 3-8. Typical Filter Response Times 

Percent of Fii Reading 1 Typical Filter Response 

10% 
1% 

0.1% 
0.01% 

1Omsec 
2Omsec 
3Omsec 
4Omsec 

3.8.1 Filter Control 
3.8.2 Typical Filter Response 

A typical response curve for the single-pole analog low- 
To &able 01 &able the m&g filter, simply press fie pass filter is shown in Figure 3-11. Note that~ the filter 
FlLTER key on the front panel. The on/off status of the respmse rolls off at 6dB per octave (2OdB per decade) above 
filter is indicated by the associated LED. the -3dB point of approximately 37Hz. 

0 

-10 

E 
=z 
2 0 

z 

-20 

-30 
10 100 1000 loo00 

FREQUENCY IHZ) 

Figure 3-11. Typical Analog Filter Response 
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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 
benefidal 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 filterin 
iucorporates digital ki . 

is require<, use a reading rate that 
tenng, as dxussed in paragraph 3.9. 

CONTROL 

MoDEL cl@ 0 cl*+ 3.9 READING RATES 

From the front panel, you can select reading rates of 1, 10, 
75; or 1000 readings per second. A fifth rate, which is 
available only over the’IE?X488 bus, produces 18 readings 
per second with 4%-d@ display resolution. 

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 

NOTE 
normal operation with the active sweep (if any) 

Because of the way the unit generates its time unaffected. 

base, the actual reading rates are slightly ti:~ 3. To scroll through available reading rates, press and hold 

ferent than indicated. Table 3-10 lists actual ~the RATE or AIT key, or press the numeric key. 

intervals along with other pertinent informa- associated with that rate, as summarized in Table 3-10. 

tiOiL 4. When the desired rate is shown, press the ENTER key 
to program the displayed reading rate. The instrument 

3.9.1 Selecting a Reading Rate will return to normal operation. 

Display or select the reading rate as follows: NOTES: 

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

1. Re-progr amming the rate will abort an active sweep.. 

might show: 
Any stored data from the previous sweep will be lost. 

2. No valid data will be displayed until the sweep is com- 

READING RATE 10 
pleted and calculations are performed at the 75 and loo0 
per second rates. 

Table 3-10. Reading Rate Summary 

Display Integration Integrations Actual Readmg Effective 
Readings ‘Resolution Period Averaged Interval (msec) Rate 

cc “G”‘yv 
3% digits’ l2OpeC 1 ~~~~~~~~ 1.024 976.56/&c 

C: G: V 
3% digits* 24Opec 1 13.3 75X/set 
41% digits 2.4msec 

C, G V 4% digits 16.7ms.e~ i 
102.3 9.77/set 
1024 0.977/set 

*Data displayed after sweep is completed. 
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- 3. During the reading calculation period at the end of a 
sweep (7 5 and 1006/set rates onl?), the fIont panel keys 
will 6e in0 erative. The amount of time necessary for 

cur these cal ations depends on the the number of data 
uoints taken in the sweep. A CALCULATING DATA 
&sage will be display&d. 

4. Autoranging cannot be Fed at the 75~ 0: J,OO~&c 
reading rates. The unit will di 

Ti if you attempt to program ert 
lay a CONFLICT error 
er of these rates with 

autoranging enabled. 
5. A CONFLICT error will o&u if you attempt to select 

l- 75 kc rates with more than 450 readings per sweep 
programmed. 

3.9.2 Display Resolution 

The display resolution for the 1 and 10 readingper second 
rates is 41% digits. Display resolution at the 75 and 1000 

t . 
er second rate is 3% digits. Note, however, that data will 
e &played only when the sweep is finished at the two 

fastest rates. 

3.9.3 Digital Filtering 

- Digital filtering is used at the 1 and lO/sec rates @I order 

- 
to minim&x noise. A basic averaging scheme is used in 
both cases, with 4 integrations averaged at the llsec rate, 
and two integations averaged at the lO/sec rate. Since the 
degree of filtering depends on the amount of averaging, 
the best noise performance can be expected at the slowest 
rate. 

3.9.4 General Rate Selection Considerations 

The primary factors affected by the reading rate (other than 
the absolute number of readings Peru 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 $he 
least noise at the 1 per second rate (longest integration 
period and most digital f&ring), and the most n&se 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- 
qujre capacitance, conductance, and bias voltage readings, 

- you would obvious1 select the 75 reading per second rate 
- (the f&test rate to o & tam C, G, and,V measureme@), but 

at the expense of resolution. At the other extreme, you 
would opt for the 1 reading per second rate in situations 
requiring rrxs4mu.m resolution and minimum noise. 

3.9.5 1000 Reading Per Second Rate 
~Consideraticns 

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 intq the buffer in raw form and will be 
made available only when the reading sweep has been 
completed. 

3. The only available bii waveforms are DC and external. 
A CONFLICT 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 

10001sec rate. 

3.9.6 1000 Readings Per Second Instrument 
Settings 

To obtain a rate of 1000 readings per second, you must se=~~ 
lect~the following instrument settings: 

l Trigger mode: Sweep (paragraph 3.12) 
l Trigger souye:~ internal (paragrap-t 3.12) 
l Bias waveform: DC or external (paragraph 3.14.1) 
l Step time: Ims (paragraph 3.14.2) 

3.9.7Typical Reading Rates 

Typical reading rates are summarized below. 

Internal Trigger Rate External Trigger Rate 

Rate ImsDelay ZmsDelay lmsDelay 2msDela: 

75 75 64.6 68 63 
18 16.4 16.1 16 16 
10 10 9.5 9.6 9.5 

/ 1 1 1 1 0.97 
Note: All rates include both start and stop times of lms. 
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3.10 USING ZERO 

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

CONTROL 

FILTER ZERO 

Zero is desaibed in the following paragraphs. 

3.10.1 Enabling and Disabling Zero 

1. Make sure that zero is disabled (ZERO off). 
2. Use the FRRQ 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 OUTPUT 
jacks. See paragraph 3.3 for detailed information on testy 
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 instrumentwiU store the firsts 
set of capacitance and conductance readings as baseline 
values. 

7. Connect the test circuit to be measured to the test jacks. 
Jfnecessa$ &i&e&e instiu%ent.-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 tiont of this manual 
assume that the instruments has been properly zeroed us- 
ing the fundamental procedure below. Jn order to optimize l 
accuracy, it is recommended that you repeat the procedure 
below every hour, especially in situations where the am- 
bient temperature varies considerably. 

1. Ifyour instrument is equipped with both lOOkHa and . . . 
To enable or disable zero, press the ZERO button; the in- lMHz modules, select the desired test trequency wrtn 
dicator to the right of the ZERO key indicates the state of the FREQ key. 
zero. 2. Select the desired reading rate and measurement range 

usine the RATE and RANGE keys. 

When zero is first enabled, the first capacitance and con- 
3. Che& to see that zero is initiaUyWdisabled (ZERO off). 

ductance readings triggered after zero is enabled will be 4. Connect the cables and test fixtore to the test INPUT 

stored as the baseline values, which will then ba 3 subtracted and OUTPUT jacks, but leave the DUT (device under 

from subsequent readings as long as zero is enabled. Theses test) disconnected at~this time. 

zero vahres will also be stored in the buffer header to be 5. Press ZERO and trigger a reading or sweep by pressing 
used when accessing buffer data. MANUAL. The capacitance and conductance displays 

should then show a zero reading. 
6. Corii%t the DUT to be measured to the fixture probes 

3.10.2 Storing Capacitance and Conductance (or other similar test fixture connections). 

Baseline Values 7. Readings using the zeroed value can now be triggered 
and read in the normal manner. For optimum accuracy, 

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

it is recommended that the instrument be m-zeroed us- 
ing the above procedure whenever the range, reading 
rate, or frequency is changed. 
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- 3.10.4 Zero Considerations 

tiep~ the following points in mind when using zero: 

1. Zero reduces the dynamic range of the displayed 
readings. For example, if a 1OOpF baseline value is in 
effect on the 200pF range, a capacitance of 1OOpF will 
overrange the reading even though a 10OpF reading is 
well within the limits of the 20OpF 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 insinxnent. 

4. Zero is not affected by pressing other keys. 
5. Changing range or frequency leaves the same zero 

value active. 
6. If the buffer is enabled (BUFFER KEY),~the zero values 

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 
manual assume that the instrument has been properly 
zeroed using the procedure in paragraph 3.10.2 above. 

8. Zero stores baseline values for capacitance and conduc- 
tance or& no~bias~vo~fa~eobaseline values~are~storedl 

- 9. The zero;alue is scaled &d applied to a new range if 
changed. 

- 

3.10.5 Examples of Zero Operation 

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- 
tiOll.5. 

START Q 
ZERO YES Q-7 ON? 

NO 

TURN 
ZERO OFF 

Figure 3-12. Zero Operation Flowchart 

Table 3-11. Examples of Zero Operation 

Stored Baseline 1 Applied Signal 1 Displayed Readings 

5.OOpF/2.6& 19.0OOpF/4.6@ 14.OOOpF/2.00@S 
1m/1oms 680pF115mS -0.52OnF/5.00OmS 
llOpF115OmS 18OpF/lOOmS 7O.CKlpF/-5OmS 
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3.11 DRIFT CORRECTION 

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

CONTROL 

CAL 

MooEL urn 0 cl++ 

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 (seenote below). 

2. If your instrument is equipped with both 1OOkHz and 
lMHi mod&s, use FREQ to select the desired measure- 
ment frequency. 

3. Select the first mnge to be c&rated with the RANGE 
key. 

4. Press the CAL key. The instrument will cyde 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 

5. 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 acaracy, the correction pm- 
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 unit takes 10 
readings of the @emal transfer standards. Thus, at the 
l-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 wiIl 
degrade correction accuracy only slightly. 

4. Correction should be performed at a reading rate that l 
yields 4M-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 OUTPUT, 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 jn 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 iFyou press CAL under these conditions. 
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Figure 3-13. Front Panel CAL Sequence 

.3.11.2 Internal Correction Sequence 

The general internal sequence the instrument follows when 
performing drift correction is outline below. Figures 3-14 
shows an outline of the sequence. 

The internal sequence is as follows: 

1. The insizmnent recalls correction constants for the 
selected range and frequency from NVRAM. These con- 
stants are derived during full instrument calibration, as 
discussed in paragraph 7.3. 

2. The unit disconnects the test INPUT and OLJTPIJT 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 2OpF or 
2OOpF cap%itor (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 instm- 
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 alI 
subsequent measurements until the power is turned off, 
or until CAL is pressed again. 
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MEASURE 
INTERNAL 

CAPACITOR 

C~%+ANT 
4. 

REFERENCE 

i 

STORE NEW 

Co%EoN 

c4 EXIT 

TRIGGER 

MANUAL 

0 
MODE 

0 
SOURCE 

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

3.12.1 Selecting a Trigger Mode 

Available Trigger Modes 

There tie 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 J.EEE-433 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 
IEEE488 bus information. 

Figure 3-14. Internal Drift Correction Sequence 2. Sweep: a single trigger stimulus causes the insbxment 
to cycle through the programmed bias waveform se- 
quence. A single set of capacitance, conductance, and 

3.12 TRIGGERING THE INSTRUMENT bias voltage readings will be taben and stored in the AD 
buffer at each bias steu. As each stenoccurs. the 

A trigger stimulus is used to initiate either one ieadjng, 
or a groups of readings (called a sweep), depending on the 
selected trigger mode. Basically, two bigger modes are 
available: one-shot and sweep. The trigger stimuhrs itself 
depends on the programmed trigger source: front panel, 

resulting data will app& 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- 
MI trigger output jack at the end of the sweep. The 
display will continue to update after the sweep has been I- nn,..-,e+arl 

external trigger input, or IEEE-488 GET, X , I 
mand triggers. 
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More information on the how the trigger modes affect the 
W buffer is located in paragraph 3.14. 

Selection Procedure 

Use the procedure below to select the desired &igger mode. 

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

TRIGGER MODE 

2. Now press MODE or A/I 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 following 
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. If you wish to cancel trigger mode selection without 
changing the selected mode, press QUIT. 

NOTES: 

2. Pressing RANGE, FREQ, FILTER, ZERO, GAL, 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 1880 reading per 
second rate. 

5. At the 75 and 1CWsec rates, a CALCULATING DATA 
message will be displayed at the end of a sweep before 
the unit returns to normal operation. 

3.12.2 Programming the Trigger Source 

Available Trigger Sources 

The programmed trigger source provides 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 regardless 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 tigger input jack on the rear panel, pro- 
vides the tigger stimuhrs. 

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

1. To =boa m =cfive swew P*= the MODE key. me 
presently active sweep will be aborted, and the in&u- 

Note that all trigger sources are available with all trigger 

ment will display the TRIGGER MODE message. Press 
modes, as summarized in Table 3-13. 

ENTER to return to normal display, and initiate another 
trigger to begin another sweep, if desired. NOTE 

In order to ensure rapid response to a new trigger 
after a sweep, press MODE ENTER to turn off the 
A/D converter. 

Table 3-l 2. Trigger Modes 

Numeric 
Key # Display Message Description 

0 TRIGGER MODE 1 SHOT One-shot (one reading per trigger) 
1 TRIGGER MODE SWEEP Single-sweep (one sweep per trigger) 
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Table 3-13. Trigger Mode and Source 
Combinations 

3.12.3 Front Panel Triggering 

To trigger the instrument from the front panel, simply 

Front External IEEE IEEE IEEE 
press the MANUAL button. Note that this button is always 
operational regardless of the selected trigger source (unless 

Source/Mode Panel Trigger Talk GET X the unit is placed in remote over the IEEE-+-, in which 
case all front panel buttons except LOCAL will be locked 

One-shot X out). Thus, front panel trigg!r~ source selection provides 
Sweep :: X :: :: :: a me- to lock out-all other trigger sources when only 

front-panel triggering is desired. 

Selection Procedure 

Select the desired trigger source as follows: 

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

TRIGGER SOURCE 

Z.Press the MODE or A/I key repeatedly until 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 w+ll show: 

The number of ~feadings 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 biis step. If you press 
MANUAL and the instrument is not ready, an err01 
message will be displayed, as discussed in the following 
paragaph. 

3.12.4 Trigger Overrun Conditions 

TRIGGER SOURCE EXT Once the instrument is triggered, it will begin a reading 
or sweep, as discussed above. If another trigger is receiv- 

3. Once the desired trigger source is displayed, press the 
ed while the unit is processing a reading or sweep (depen- 

ENTER key. The instrument will then return to the 
db, g on trigger mode), a trigger overrun condition will oc- 

previous display with the new trigger source in effect. 
cur, in which case the instrument will display the follow- 

At this point, the selected trigger stimulus must be ap- 
jng error message: 

plied to initiate the reading or sweep. TRIG-OVERRUN 
4. To return the display to normal without changing the 

previously selected source, press the QUIT button 
instead. Fiie 3-15 shows a flowchart of trigger overrun operation. 

Table 3-14. Trigger Source Display Messages 

NumeriC 

Key # Message Trigger Source 

0 TRIGGER SOURCE Fl? MANUAL key only.* 
1 TRIGGER SOURCE EXT Pulse applied to EXTERNAL 

TRIGGER JNPUT. 
2 TRIGGER SOURCE TALK IEEE tslk command. 
3 TRIGGER SOURCE GET IEE GET command. 
4 TRIGGER SOURCE X IEEE X command. 

*hJ.ANLJAL key is always operationa& 
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- 
NOTES: 

- 
As previously described, the effect of the external trigger 

1. A reading or sweep is not aborted by a trigger overrun 
pulse depends on the selected trigger mode. In the one- 

condition. 
shot mode, a separate pulse is required for each reading 
set;mIn the sweet mode, however, one trizzer pulse in- I 

2. Only an active trigger source can create a trigger over- itiates a complete sweep sequence. -- - 
nm situation. For example, if you select the externsl tng- 
ger source, either an external trigger pulse or pressing 
MANUAL can create a trigger overron (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. 

NOTE 

TRIGGERS ON TRIGGER INITIATES 
LEADING EDGE ONE READING. IONE-SHOT) 

I OR ONE SWEEP 6WEEP). 

YES 

Figure 3-15. Trigger Overrun Operation 

3.12.5 External Trigger Input 

Figure 3-16. External Trigger Input Pulse 
Specification 

3.12.6 External Trigger Output 

The externsl trigger output provides a negative-going, TK- 
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. 

me 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 syeep in the sweep mode (1, 10, and 

18 lsec reading rates). 
3. In the 751sec and lOOO/sec rates, the pulse occurs after 

To use external triggering, first select that source with the 
alI cakulations are done in the sweep mode. 

MODE key as described in paragraph 3.12.2. The instru- 
ment will then be triggered when an input pulse with the 
spec%ications shown in Figure 3-16 is applied to the EX- 

The center conductor of the external trigger output is high 

TERNAL TRIGGER INPUT jack. The unit is triggered on 
and the outer ring, which is connected to IEEE common 

the leading edge of the pulse, as shown on the diagram. 
is low, as shown in Figm.e 3-l7, 

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. 

- 

- 
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HIGH 

- 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 

e 

follows: 

Low (IEEE488 COMMONI 

1. Using suitable coaxial cable, connect the 230 OUTPUT 
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 

~~~~~~ ~INMJT. 

Figure 3-17. Trigger Input and Output Jack 
Configuration 

Figure 3-16. External Trigger Output Pulse 
Specification 

3.12.7 External Triggering Example 

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 
zisonsolt the Model 230 Instruction Manual for 

4. Press the 590 MODE key and program the unit for the 
one-shot trigger mode. Press SHIFT MODE and select 
the external higger source. 

5. Press the 590 WAVEFORM key repeatedly until the the 
EXT display message is shown, then press the ENTER 
key. Tlus step sets up the unit for use with the exter- 
nal bias souxe. 

6. Connect the circuit under test to the 590 test INPUT 
and OurnuT 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 + 1OlV may be present at the 590 TEST 
OUTPUT after the next step. 

As an example of external triggering operation, let us 
assume that the Model 590 is to be used with a Keithley 

9. Press the BIAS ON key to turn on the voltage applied 

Model 230 Programmable Voltage Source. The Model 230 
through the test OUTPUT jack. 

is~ capable of output voltages as high as * 101V. Thus, this 
~10. Start the measurement sequence by pressing the 230 

instrument is ideal for testing devices which require higher 
START/STOP key. This action will trigger a 590 

bias levels than the nominal *2OV level of the Model 590. 
reading; Ate 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 
demonstrates this process. 
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WARNING: 
HAZARDOUS VOLTAGE 

MAY BE PRESENT 
AT TEST OUTPUT 

MQDEL 230 
VOLTAGE SOURCE 

Figure 3-19. External Triggering Connections 

3.12.8 IEEE-488 Bus Triggering Jf 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 insimment is in remote. 

source, you must send the appropriate IEEF&8 command 
over the bus: X, talk, or GET, depending on the selected 
source See Section 4 for complete details. 
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DATA 
T(j Eacj e b 

QUIT CABLE CAL CABLE # SELF TEST 

0 c”7 ti b 
SAVE RECALL IEEE 

ENTER 

b cl3 ti 
l/C2 c/c, CMAX 

BUFFER +I- 

0 0 r”l I 
A-B CA-CB WA-V&CONST. C vs T 

\ 

3.13 DATA KEYS 

The following paragraphs desaiie the operation of the O-9. 
+I-, 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 inaement (A) and deaement (‘I) 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 V 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 SETUF’. 

3.13.2 SHIFT/QUIT Key Operation 

The SHIFI 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 SJ%FT key will be on when shift is active. 

To cancel shift without selecting a corresponding mode, 

press the SHIFT key a second time. If 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 progr amming parameters or selecting menu options, 
you can return to normal display without making a change l 
by pressing QUIT. QUIT can also be used to exit buffer 
display. 

3.13.3 Numeric Input 

The numeric keys, which include O-9 and f are used to 
program numeric data when programming such 
parameters as bias wavefonnvoltages. 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 affeaed by~a key press will brighten to 
act as a display qursor. 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. 

e 
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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 wiU save all 
parameters just modified, and the unit will return to nor- 
mal display. 

3.13.8 Multiple Parameter Entry 

When progmmmin g two or more parameters, you need 
not press ENTER after each entry. Instead, press the A 
or V 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 
QUlT 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 pammete: set and when the ENTER key is pressed. 
If a p&meter outside the allowed range is programmed, 
the unit will briefly display the following message: 

INVALID 
- 

The unit wiu 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 Inaement 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 instmment will then show data stored at the first 
buffer location. A typical display is: 

1.8OOOpF 00.11~& +5.1OOV 
- 5. Press the C vs t button to display buffer location num- 

- 

hers 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- 

.ss.ent scrolls through buffer locations in descending 

8. Press QUlT to return to the normal display. 

Example 2: Lk~k~InaementlDeaement to Saoll Through 

As discussed previously, the second purpose for A/I is 
~for saolliqg 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 A key and note that you can saoll 
through bias waveform types. 

3. Now press and hold the v key and note that you can 
scroll through available bias waveforms in the opposite 
direction. 

4. Press QUlT 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. 

2. 

3. 

4. 

Using the WAVEFORM key, select a single staircase 
WaVefOlTll. 

Press the PARAMETER key repeatedly u&l the follow- 
ing message is displayed: 

IST BIAS V +CHl.OOO 

Now key in the desired voltage with the numeric keys. 
For example, to program a value of 4V, press: 0 4 0 0 
0. Note that the digit affected by a keypress is 
highlighted on the display. 
To complete programming, press the ENTER key. The 
voltage value wiIl be programmed, and the unit will 
return to the normal display mode. 
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Example 4: Programming Multiple Parameters 

when pro* amming more thsn one parameter, it is not 
necesw to press ENTER af& ea?h 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 progr 

amming itart; 

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 +OO.OOl 

In this instance, the default time of lmsec 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: p 2~ 5 0 0. 

4. Press the PARAMETER or A key. The unit will now 
display the programmed stop time: 

STOP TIME +OO.OOl 

Again, the default lmsec value is displayed in this 
example. 

5. Key in the desired value with the numeric keys. For ex- 
ample, to program a 5.04secstop time press the follow- 
ing keys: 0 5 0 4 0. 

6. Press PARAMETER nor A again to display the pro- 
grammed step time, as in the example below: 

STEP TJMJZ +OO.OOl 

7. Key in the desired value; for example, to program a 
5Omsec step time, press the following keys: 0 0 0 5 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 +I- Key 

The + I-pokey 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 +00X00 ~~~ 
3. Program a 5V voltage as follows: 0 5 0 0 0. 

4. Press the + I- key a number of times and note that the 
display alternates between a positive and negative value. 

Example 6: Demonstrating an INVALID Error Message 

lf you attempt to program a~psae$er 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 progmmming. Note that 
the instrument briefly displays the message below and 
then returns to the previously programmed parameter: 

lNVALlD 

4. Press A or V to attempt to scroll to the next p-eter 
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. ln contrast, the QUlT key allows you to 
cancel a mistake in parameter programming or menu selec- 
tion w$hout act+ly 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 

a 

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 pm- 

grammed in steps 2 and 3 is now in effect. For exam- 
ple, if you changed from fie sweep to one-shot mode, 
the display will show. 

TRIGGER MODE 1 SHOT 0 
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- 5. Press MODE to change the trigger mode. 3.14.1 Selecting a Bias Waveform 
- 6. Press QUlT to cancel the current selection. 

7. Now press MODE again and note that the trigger mode Available Waveforms 
was not changed because you used the QUlT button. 

Bias waveforms available include: 

Example 8: Using the - Key to Move Cursor DC: any DC level in the range of -20V to +2OV. 
Single staircase: stepping either up or down. 

- can be used during parameter programming to move Dual staircase: stepping up then down or down then up. 
the cursor. The example below will demonstrate +I& Pulse train: step up or down. 
process. External: external voltage applied to the BIAS INPUT jack. 

1. Press PARAMETER tid note that the instrument 
displays the start~time, as in this example: Table 3-15 shows the general configuration of these 

waveforms. Waveforms and parameters are defined in 
START TIME +OO.OOl detail in paragraph 3.14.4. 

WAVEFORM 

0 
PARAMETER 

0 

2. Press the - key and note that the cursor moves to the Selecting a Waveform 
right. 

To select the required bias waveform, press and hold the 
WAVEFORM or AIV key until the desired waveform is 

3.14 BIAS VOLTAGE displayed, as summarized in Table 3-15. Press ENTER to 
select the displayed waveform. type. 

The following paragraphs contain information on selecting 
a bii waveform programming bias waveform parameters, 
and turning on the bias voltage. Details on waveform 

If you wish to return to the previously programmed 
- 

definitions, external bias jnput, and bias voltage monitor 
waveform, press QUIT instead. 

w are also included. 
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. Dud staircase 
A. One-shot: external time base C-V with hysteresis. 
8. Sweep: internal time base C-V with hysteresis. 

4. Pulse 
A. One-shot:~extemal time base C-V, return to default 

between points. 
B. Sweep: internal time base C-V, retumto 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 

BIAS WAVEFORM DC Static DC levels 

BIAS WAVEFORM PULSE 

BIAS WAVEFORM EXT External Bias Voltage 

3.14.2 Programming Waveform Parameters Table 3-16 indicates which parameters apply to the 
various waveforms. 

Parameter Types 2. The buffer can store a maximum of 450 readings (1,350 
at lOOD/sec rate). Programming reading sweeps longer 

Programmable parameters in&de such values as start and than this will result in lost data. If more than450 (1,350) 
stop hold times, as well as first andlast bias values. Table readings are programmed (a function of fkst and last 
3-16 summakes programmable parameters, display voltage, as well as bias step size), only the first 450 
messages, and the allowable range for each parameter. (1,350) will be stored in the buffer. 

3. The number of readings stored as part of the sweep for 
all waveforms except DC and external de 

NOTE stop, and step voltages (see discussion b ef 
ends on start, 

ow). The num- 
her of readings stored with external and DC waveforms 

1. All parameters are note programmable for every wave- depends on the COUNTparameter (COUNT 5450 or 
form type. The instrument will prompt only for those s1,350). 
parameters which apply to the particular waveform. 4. Volta e parameters can be rogr-ed to lmV resolu- 

tion,& achdy have 5m$ minimum steps. @ 
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Table 3-16. Programmable Bias Voltage Parameters 

STOP TIME 
STEP TIME 
ET BIAS V 
LAST BIAS V 
BIAS STEP V 
DEFAULT BIAS V 

COUNT 

Description Liiw 

Start time* 

Eg p-: 

Fit bias voltage 
Last bias voltage 
Step voltage 
Default bias 
voltage 
#Readings per 
sweep 

lmsec to 65sec 
lmsec to 65sec 
lmsec to 65sec 
-20v to +2ov 
-20v to +2oJ7 
-20v to +2ov 
-20v to +2ov 

1 to 450 (1,350 
at l,OOO/sec rate: 

lesolution* 

lmsec 
lmsec 
lmsec 
5mv 
5mv 
5mV 
5mv 

- 

JC - 

X 

c 
X 

X 

X 

- 

iticas 

:: 
X 
X 
X 
X 
X 

SS 

t 

Single 
‘taircasc 

X 

:: 
X 
X 
X 
X 

- 
Dud 
%llSl - 

:: 
X 
X 
X 

; 

3xtemal 

:: 
X 

X 

NOTE: Voltage parameters can be programmed to lmV, 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 -2O.OOOV can be programmed, but the 
read-back display limit is -19.999V. Buffer data will 

6. Once you have programmed all parameters, press the 
ENTER key. The instrument will then return to normal 

reflect voltage values above -19.999V, however. display. 
6. The unit wiIl display a CONFLICT erzor if you attempt 7. To return to normal display without modifying para- 

to program more than 450 readings per sweep. meters, press QUIT instead of ENTER. 

Selecting Parameters Number of Readings in a Sweep 

Select your bias parameters as follows: The number of readings in a sweep for DC and external 
waveforms is determined solely by the COUNT parameter. 

1. Press and hold WAVEFORM or A (or press the Thus, to control the size of the sweep, you should pro- 
associated numeric key, as indicated in Table 3-15) to 
select the desired waveform. For example, for a single 

am COUNT for the desired number in the range of l-450 
i? 1,350 at l,oOO/sec rate). 

staircase, the display will show: 

BIAS WAVEFORM STAIR In contrast, the number of readings in the sweep for the 
staircase or pulse waveforms will depend on the pro- 

size 
2. Press ENTER to program the waveform. 

gr-ed first and last bias levels, as well as the ste 
with a maximum of 450. For example, the total num E er of 

3. Press and hold PARAME TEE or A/l until the readings in a given sweep with a single staircase waveform 
parameter you wish to program is displayed. For ex- - be computed a.~ fokws: 
ample, to program start time, the displq will show: 

(vz - VP) 
START TIME +OO.OOl n= 

+ * 

V* 

4. Using the number keys, program the desired value. For 
example, to program a step delay of O.lsec,~press: 0 0 where: n = number of *e=hgs 
1 0 0. Vr = last bias 

5. Press PARAMETER or A to advance to the next v, = first bias 

- parameter, then key in the desired value. If ou key 
wd briefly 

V, = step bias. 
m an invalid parameter, the instrument 

- display the following error message: ~~~~~~~~~~~ ; (Jf(V, - V,)/Vs is not an integer, add one to the above 
calculation). 

INVALID 
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Example: Assume that first and last bias values are -5V 
and +5V respectively, and that the bias step is O.lV. The 

The exact configmaiion of internal circuitzy differs depend- 
ing on whether the internal or external bias source is used, 

number of readings in the sweep is: as shown in Figure 3-21(a). Figure 3-21(b) shows an 

(+5 - (-5)) +1 
~~~;o~ent circuit of software implementation of bias 

II= 
“.I 

NOTES 
n = 101 readings per sweep 

1. Pressing ON will abort any active sweep and reset the 

Minimum Voltage Steps 
AID buffer. 

2. When external bias is turned o?, and the unit is not trig- 
gered, the following will be &played: 

Althou h bias voltage parameters can be entered in 1mV 
steps, t& actual minimum step size is 5mV due to hard- 
wsxe constraints. The actual bias voltage is calculated as 
follows: 

W.-V 

v,= Lv” _I x5 
5 

Where: V, = Actual bias voltage (mv) 
V, = Progmnuned bias voltage (mV) 

L -1 = -p&e the &,tegei of x,r,/s 

Example: Assume a 1023V voltage is programmed. The 
actual bias voltage is: 

10,223 
v,= L- _I x 5 = 10,22omv 

5 

vs = 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 sources (when selected). Figure 3-20 
shows a flowchart of ON key operation. 

ENTER 9 

WARNING Figure 3-20. Bias ON Key Operation 
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. 
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BIAS 

BIAS 
INPUT MAX 

>a 

Ah 

l”%H= 
:ME!Lz 3f 

VOLTAGE 

3.9fl 

0 

& 

16 1OOM 

MONITOR 
OUTPUT 

‘“v 

s9- -h 

INTEXT BIAS ON 

aD’....,.. ~~~ ,,, 

” 

3. .., 

Figure 3-21. Bias Switching Network (a) Software Implementation of Bias ON (b) 

3.14.4 Bias Waveform and Parameter 
Definitions 

Step Tie: The time period after a transition to a new bias 
step before the instrument begins a measurement (except 
for the, firsts step, which also includes the start time). 

DefinXoi~s for the various bias waveforms and associated 
parameters are located in Fi 
applicable, a sepzate de~~%t%?%%3kr?~ 

First Bias: The initial voItage setting of the bias waveform. 

wavefoorm and trigger mode combination. 
Last Bias: The final voltage setig of the bias waveform. 

Parameters are further defined as follows: 

Step Bias: The incremental change of each step in the bias 
voltage waveform. 

Start Time: The time period, occurring on the f&t bias step, Default Bias: The bias voltage value both before and after 

from the point the instrument is fkst triggered until the 
a sweep, or between pulses (pulse train only). 

fit step iime. Count: This uarameter sets the number of readinzs Der 

Stoo Time: The time oeriod after the read& taken dur- 
sweep for thi DC and external bias waveforms o$y: 

in ihat last bias step before the instrument r&ms to the 
dsauIt bias voltage. 
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NOTES: First Bias: +5v 
Last Bias: -5V 

1. To program a negative going staircase (or negative &en 
positive dual staircase) set the first bias more positive 

Step Bias: -O.lV 

than the last bias, and use negative step bias values. For 2. The final step bias value may be smaller than the pro- 

example, to step from +SV to -5V in 1OOmV in- gmmmed Step Bias, depending on First Bias, Last Bias, 

crements, program the following values: and Step Bias Values. 

r 
TRIGGER EVENTS :iiF&R 

FIRE-T BIAS 

DEFAULT BIAS DEFAULT BIAS 

------ ----- 

I 

- NOTES: 
1. ONE TRIGGER PER READING IS REQUIRED. 

2. NUMBER OF READI NGS 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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+ 

TRIGGER EVENTS 

FIRST BIAS 

DEFAULT WAS 

NOTE: 
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 EVENTS 
BUF$ 

1 f + I + 1 t c + 

LAST BIAS 

DEFAULT BIAS 

L 

DEFAUU BIAS 

r 

J‘ k-L 

NOTES 
1. ONE TRIGGER PER READING REQUIRED. 
2 NEXT TRIGGER AFTER AU STEPS TAKEN RESETS SUFFER. 

DEFINITION OF LAST STEP 

-LAST VDLTAGE STEP MAY ND7 BE FULL OC A a STEP BIAS 

Figure 3-24. Single Staircase, One-Shot 
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E E 
z E E E 
1 

LA’.3 BIAS LA’.3 BIAS 
1 

DEFAULT BIAS DEFAULT BIAS 

- DEFAULT BIAS DEFAULT BIAS 

FIRST BIAS FIRST BIAS 

NOTES: 

1. ONE SWEEP PER TRIGGER. 

2. A TRIGGER RESETS THE BUFFER. 
3. SEE FIGURE 3-5.4 ?t%k LAST STEP DEFINITION. 

Figure 3-25. Single Staircase, Sweep 
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TRIGGER EVENTS %F 
t t 1 + + 1 t t 

LAST BIAS 

I.7 

r-----J-+ 
DEFAULT BIAS 

7 DEFAULT-El& , 
-+ 

j FIRST B,AS.$$d 

NOTES: 

1. ONE TRIGGER PER READING REWIRED. 

2. TRIGGER AFTER ALL STEPS TAKEN RESETS BUFFER. 

1 FlRST BlA$ 

Figure 3-26. Dual Staircase, One-Shot 

l 
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DEFAULT BIAS 

NOTES: 

1. ONE TRIGGER PER SWEEP REQUIRED. 

2. TRIGGER RESETS BUFFER. 

Figure 3-27. Dual Staircase, Single Sweep 
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BIAS 

NOTES: 
1. ONE TRIGGER PER READING REQUIRED. 

2 FlRST TRIGGER AFTER LAST STEP RESETS BUFFER. 

Figure i-28. bulse Train, One-Shot 
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TRIGGER TRIGGER 

1 I 

FIRST BIAS 

‘7 STEP BIAS 

LAST BIAS 

DEFAULT BIAS 

NOTES: 

1. ONE SWEEP PER TRIGGER 

2. BUFFER IS RESET BY TRIGGER. 

~ 
DEFAULT BIA 

Figure 3-29. Pulse Train, Single Sweep 

- 

- 

345 



OPERATION 

NOTE.9 

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 OUTPUT - NOT BIAS WAVEFORM, 

Figure 3-30. External, One-Shot 

l 
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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 OUTPUT 
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 simplic+ty, the following examples use the 
nominal reading rates in the calculations. For 
best accuracy, tie the actual reading rates, as 
discussed in paragraph 3.9. 

First Bias Step Duration 

AsshowninFigore3-32,tbedurationofthefirstbiasstep 
is the sum of the followings 

1. The pkogramq~~start time. 
2. The selected step time. 
3. The nieasurement time. The measurement time is 

simply the reciprocal of the reading rate. During this 
pekd, the instrument measmes C, G, and V values 
(exceptatthe1000/secrate,whichmeasuresonlyca- 
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 time. 
2. The measurement time A,&, the measurement 

lime is the reciprocal of the reading rate: 

Last Bi Step Duration 

The last bias siep duration is simply the sum of the fol- 
lowing (refer to Figure 3-32): 

1. The programmed step time. 
2. The measurement lime. As discussed above, the 

measurement time is the reciprocal of the reading 
rate. 

3. The programmed stop time. 

Computing Sweep Times and C YS t Information 

When computing sweep times or Cvs 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- 
tion 6~ computed as follows (DC and staircase 
wm?foml): 

tn = 1.024t~ +B (1.024&t, + l/R) 

Where: $ = time at a specific buffer location 
km =,programmed $art time 
bp = programmed step time 
R = actual reading rate (see list above for ac: 
td rates) 
B = Buffer location number 

For pi&e waveforms, the time is: 

b = X024&+. +~B (1.024& +ml;R +~l.O24tmJ 

Where: &top = programmed stop time (other pamme- 
ters as indicated above) 

Notethatacmacy isi- (0.3% +l.OZ!msec) exceptforstop 
times less than 2mSec, which are not specified 

Example: Assume that the instrument is being operated 
at the nod lO/sec rate-with a programmed start time 
of IOOmseC and a step tie of50nkc. The time at buffer 
location 40 would be: 

b = 1.024 (0.1) f 40 II.024 (0.05) + 1/9.77l 
Ix= 6.24~~ 

In a similar manner, elapsed times indicated in the U8 
and LJ15 status words (Section 41, 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 

The Model 590 may be used with an external bias voltage Figure 3-33 shows a typical configuration using an exter- 

source, as desaiied below. ml voltage source. Nokthat the source output is con- 
nected to the VOLTAGE BIAS INPUT iack on the rear 
panel of the Model 590. When making ihe connections, 
use good quality shielded cable to-minimiz&hU radiation. 
The center conductor of the jack is input high, while the 
outer ring OI shell is input low. 

MODEL 590 
CV ANALYZER 

- COAXIAL CABLE 

HIGH 

OUTPUT 

CABLE SHIELD- 
LDW q ,,,,, #,,~,,~ 

VOLTAGE SOURCE 
WARNING: MAXIMUM WTERNAL BIAS +2ODV DC 

Figure 3-33. External Bias Source Connections 
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WARNING 

- Maximum external bias voltage is f2OOV 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 590 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 analog 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 instrument 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 hxn 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: 
BJAS WAVEFORM EXT 

2. Press ENTER to select external bias. 
3. Program or select the desired value on your external 

voltage source and turn 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 
wiU then be applied to 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 measwe OI 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 comxxtions for bias voltage 
monitoring. 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 
EMl radiation 

2. The source resistance of MONITOR is IkQ. 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 resistances of the 
monitoring device should be at least 1OOkI;L. 

3.14.8 External bias voltage measurement 
range 

Available ranges 

There are two external bias voltage measurement ranges; 
ZQV and 200%‘. For best voltage measurements accuracy, 
use the 2OV range whenever possible. 

Selecting the 20V voltage measurement range 

+ecJ the 2OV external 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 EXTZO 

3. Press ENTER to complete the selection. 

Selecting the 200V measurement range 

S&&the 200V external bias voltage measurement range 
as follows: 

1. l’rqs &he WAVEFORM key. 
2. ~Repeatedlypress the up or down arrow key until the 

following message is displayed: 
BJAS WAVEFORM Ex”T200 

3. Press ENTER to complete the selection. 
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I I 

MODEL 590 MODEL 590 

I I 

CV ANALYZER CV ANALYZER 

I-- COAXIAL CABLE 

NOTEz MINIMUM INPUT RESISTANCE NOTEz MINIMUM INPUT RESISTANCE 
FOR <I% LOADING ERROR = FOR <I% LOADING ERROR = 
lOOKI lOOKI 

HIGH 

INPUT 

CABLE SHIELD - 
LOW q q 

I I 
MONITORING DEVICE 

(METER, CHART RECORDER, ANALOG PLOTTER. ETC.1 

Figure 3-34. Bias Monitor Connections 
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- 

DATA 
fi fHm6 (6 

QUIT CABLE CAL CABLE # SELF TEST 

ctl ri ckl 
SAVE RECALL IEEE 

ENTER 

0 
l/C2 PC0 CMAX 

+/- 

0 6 I 

CA-CB WA-VBlGCONE7. c “S T 

3.15 BUFFER OPERATION 

The following paragraphs describe basic operation of the 
two 450 word buffers and how they are affected by big- 

!t 
ers 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 ~8, ro- 
cessed by the A/D converter are placed during a rea g 
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 prov@es ~dc&iqr@ storage 
for sweep data. Since plotting is usually done from this 
buffer, buffer B~isfrequently referred togas the plotter buf- 
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 
jli order to avoid overwriting it by &take. 

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 
IEEE488 bus. 

Buffer 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,OOUsec reading rate. 

3.15.2 How Trigger Modes Affect the AID 
Buffer 

The way tl$ &ta $ placed into the A/D buffer varies 
somewhat; depending on the trigger modes in use, as 
described below. Figures 3-35 and 3-36 show buffer opera- 
tion~flow charts for the one-shot~and sweep trigger modes 
respectively. 
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a START 

TRIGGER 
590 

SET 
BIAS 
To 

DEFAULT 

STORE 
READING AT 
LOCATION P 

CLEAR 
BUFFER 

P=l L 

P=P+l 
/\ I\ 

il% 
STEP 

i 

L 

PROCESS 
READING 

STORE READING 
IN LAST 

READING 
REGISTER 

NOTES: 

1. BUFFER POINTER P INDICATES BUFFER LOCATION. 

2. ONE TRIGGER PER READING REQUIRED. 

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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TRIGGER 
SWEEP 

J/ 

STORE 
READING AT 
LDCAllON P 

CLEAR 
BUFFER 

P=l 

?t 

J/ 

P=P+l 

SET 
BIAS 
STEP 

..k 

L 
STORE READING 

IN LAST 
,\ READING \/ 

REGISTER 

NOTES: 

1. BUFFER POINTER P INDICATES BUFFER LOCATION. 

2. ONE TRIGGER PER SWEEP REGUIRED. 

3. BIAS STEP BU)CK IS NOT APPLICABLE TO DC AND EXTERNAL WAVEFORMS, 

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 readingregister 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 

Once the unit is triggered, it will store n readings in the 
buffer in first to last location order. Here n represents then 
number of readings in the sweep. For the staircase and 
pulse waveforms, n i& 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 &play 
and the IEEE-468 bus. 

After n readings are taken and stored, the unit sets the bii 
voltage to the default level and then continues to take 
readings at that level until another trigger is received. 
Thesereadings are stored in the last reading register only 
(and wiII 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~n&v 
readings. 

2. In the one-shot tigger mode, the first trigger after the 
sweep is completed will clear the buffer and store a new 
reading beginning at location 1. 

3. Pressing RANGE, FREQ, ZERO, CAL Or BIAS ON; or 
changing the rate, trigger mode, source, waveform or 
parameter will abort an active sweep and clear the AID 
buffer. 

4. Accessing a buffer which contains no valid data will 
cause the unit to display an invalid reading indication, 
as in the exampIe below: 

~--.-----I-$ -.--- mS _.--V 

5. Data will not be available until a sweep is completed at 
the 75 and lOOO/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/V keys, you can display any 
of flie 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 to access data in either buffer. 

1. Press BUFFER. The instrument will prompt you for the 
buffer to access: 

BUFFSR A=0 B=l ? 

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: 

lS.GMpF 00.120~5 05.OOOV 

Note that the BUl?FER 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 
&e@ghest location is reached, af which point the unit 
will stop incrementing and stay on the highest location. 
For easier scrolling, you can simply press and hold the 
key in question. 

4. To sequentially access buffer locations in descending 
order, press the V key. The unit will then decrement 
by one location with each key press. Once the lowest 
location (1) is reached, pressing deaement will have no 
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a further effect. Again, you can press and hold decrement 
w to scroll through buffer locations more easily. 

5. To display the first buffer location (location l), 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 in&&r will 
turn off to verify that the instrument is reading normal 
instrument data. 

3.16 PLOTTING DATA 

The following paragraphs contain information on connec- 
~tig the Model 590 to an intelligent plotter, selecting plot- 
ter ammeters, drawing grids, and generating plots. Ac- 
tu a? examples of plots are also given. 

Refer to paragraph 3.22 for information on plotting through 
the analog outputs using an X-Y recorder. 

NOTES: 

1. TO display buffer locations,~ press the C vs TV 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,OOOisec 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 bein 
should transfer data fr 

overwritten by a new sweep, you 
om buffer A to buffer B before trig- 

SETUP 

0 
ABORT 

gering a new sweep. 
3.16.1 Recommendeh Plotters 

PLOTTER 

PLOT 

0 
GRID 

0 

To transfer buffer data, simply press the A - B (‘- 
BUFFER) ke . All valid data from buffer A will then be 
placedinbd 

The Model 590 s&wtie is design&d & be used with the 

er B, mcludmg capacitance, conductance, and 
Hewlett-Packard 7470A plotter. Other similar plotters 

bias voltage values. Any other pertinent information 
utilizing the syntax described in the following paragraphs 

associated with the stored data such as whether or not zero 
may be stistitited. Table 3-17 smes recommend- 

was enabled when buffer data was stored will also be 
ed plotters. 

transferred to the buffer B header. 

NOTES: 

Table 3-17. Recommended Plotters 

1. Since pressing some front panel keys will clear A/D buf- Mamzfactarer Model 

fer data, it is recommended that you always transfer data 
to buffer B immediately after a sweep is completed. Hewlett-Packard 747OA* 
T$gres no way to recover such data once buffer A is Hewlett-Packard 7475A 

Hewlett-Packard 987zA 
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 hansferred by pressing A - B if no valid *This mode1 is preferred. 

data is stored in the A/D buffer; however, buffer B wi!.l 
still be cleared of relevant data in this situation. 
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XY PARAMETER% OPTIONAL PARAMETERS); 
Y 

INSTRUCTION 
MNEMONIC 

TERMINATOR 

(SEE TABLE1 

NOTES: 
1. NO SEPARATORS IN INSTRUCTION MNEMONIC 
2. COMMA ONLY TO SEPARATE PARAMETERS. 

I 3. PARENTHESIS INDICATE OPTIONAL PARAMETERS AND 
ARi NOT ACTUALLY SENT. 

3.16.2 Plotter Language Syntax 3.16.3 Plotter Primary Address 

The Model 590 uses a subset of HF-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 smiunarized inTable 3-18. General HP-GL syntax tion manual for details on setting the primary address. 
is shown in Figure 3-37. ~~1~ :~_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 to listen. 

3. Diiconnect 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 Figwe 3-X Shielded cable, such 
as the Keithley Model 7007, should be used to minimize 
the possibility of EMI radiation. 

I 

Figure 3-37. HP-GL Syntax Used by Model 590 

Table 3-18. HP-GL Instructions Used by Model 590 

Inatmction / Description 
I 

CP spaces, lines 
DF 
DI run, rise 
lN 
LB C...% 
LT tcl) 

PA x, Y(,x y(....)) 
PD (x, YL...)) 
m x, Y(,& YL..)) 
NJ (x, yG...N 
SC xmin, xmax, yniin; Ymax 
SI width, height 

Character plot 
Set default values 
Absolute direction 
Initialize 
Label ASCII string 
Designate line type 
and length 
Plot absolute 
Pen down 
Plot relative 
Pen up 
scale 
Absolute character 
Size 

Select pen 
Tick length 
x-ads tick 
Y-axis tick 
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CV ANALYZE5 

I I 

590 
IEEE-488 INTERFACE 

PLOTTER 
I 

PLOTTER 
IEEE-488 INTERFACE 

-IEEE-488 CARI 
(MODEL3007 

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, including plot type, pen type, 

%PZ$ 
‘d type, label type XY axis scaIing, as Well as 
e two buffers to plot. Parameters associated 

with 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 tied at 1000 
readings per second. 

Table 3-19. Plotter Setup Parameters 

Parameter 

PLOT TYPE 

PEN TYPE 

LINE TYPE 

GRID TYPE 

LABEL TYP 

BUFFER 

X SCALE** 

Y SCALE** 

Description 

0 = cvsv* 
1 = G vs V (R vs V, series model) 
2~ = l/C “S v 
3 = c/co vs v 
4 = C vs t (Buffer index) 

r 

d5 EXIT 

Figure 3-39. Plotting Flowchart 

3 = Long dash 
4 = Dash dot 
5 = Long dash/short dash 
6 = Long dash/short dash/short dash 
7 = Solid line* 
O=FuUgrid* 
l=Axisonly 
0 = Full labels* 
1 = Label axis and divisions (Yio title) 
2 = Label axis only 
3 = No labels 
0 = Buffer A (A/D)* 
1 = Buffer~B (Plot) 
0 = Auto scale* 
1 = User-programmed scale 
0 = Auto Scale* 
1 = User-programmed scales 

1. Press SETUP and then A/V 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 o-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. If you wish-to return to the previoGly programmed 
parameter(s), press QUlT instead of ENTER. 

*Default values. 
**See text for discussion on programming scaling para- 

meters 
NOTE: Plotter setup parameters are not stored by 
SAVE/RECALL. 
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NOTES: 

1. DASHES IN TITLE BLOCK INDICATE MODE IS DISABLED OR IRRELEVANT. 

2. Y AXIS SHOWS PLOTTED FUNCTION: X AXIS SHOWS BIAS VOLTAGE 
ITIME INDEX IN C VS. T, CAPACITANCE IN V, -V,l 

3. FULL LABELS AND GRID SHOWN. 

Figure 3-40. Plot Format 
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3.16.6 Graph Format 

Figure ?-4C~shows the general fprmat of a typical plot. Axis 
type, line type, and title block par%eters are indicated on 
the plot. 

Title block parameters include: 

1. Keitbley Model number. 
2. Buffer elapsed time in hours, minutes, seconds, and 

&ecOndS. 

3. X10 attenuator status. 
4. Filter status. 
5. Test frequency. 
6. zero status. 
7. Model (series or parallel) 

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. 

3.16.6 Initiating the Plot 

Press PLOT to perform the plotting function. The instru- 
ment will then send commands and data to the plotter to 

a h data in accordance with the previous1 selected 
&h parameters (plot type, pen type, and ?&e 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 Plotter Error 

Pressing PLOT or GRID while the function is active will 
cause the instrument to display the following errOr 
message: 

CONFLICT 

3.16.11 Plotter Scaling 

By selecting appropriate parameters on the setup menu, 
you can select auto or user-defined scaling, as discussed 
below. 

Antoscaling 

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 
taken on the ZOOpF ran e, the minimum and maximum 
values will be 0 and 20 $ F 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 
madmum stored buffer values are -5 and 5V, the X axis 
minimum wilI be -5 and the maximum will be +5. 

User-defined Scaling 

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=O Y=l 

For the Y axis the unit displays the following: 

YSCALE N=O Y=l 

2. To disable scaling, press 0 thenENTER (or select the next 
parameter to be progmmmed with the A I v 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. 
zsrwyle, for the low value on the X axis, the display 

+O.OOOOE+OO 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. 

3-62 



OPERATION 

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 YAXiS XAxis 

0 cvsv 
G vsV* 

Capacitance Bias voltage 

: 
Conductance Bias voltage 

l/C’ “S v l/Cl Bias voltage 
3 c/c vs v c/c, ‘~ Bias voltage 
4 c “S t Capacitance Buffer locauon 

2 c*-c, vs v CA-G Bias voltage 
pl, -V,]C= co- 
NST v*-v, Capacitance 

*R vs V if series model was selected when data was taken. 

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 VA-V,, 
the capacitance is plotted along the X axis, while buffer 
location numbers (not actual times) are plotted along the 
xaxisincvst. 

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/Co. 

3. Series or pamBe 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. 
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60--01 X (WWd) 3JNVlI3VdV3 

Figure 3-41. C vs V Example 
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Figure 3-42. G vs V Example 
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Figure 3-43. l/e vs V Example 
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II--01 X CtlVtlV;I> 33NV113V.3’3 

Figure 3-44. C vs t Example 
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oo+“oI x XOJ/3 

Figure 3-45. C/Co vs V Example 
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II-.01 X <OVWfd> 33NVIIWdV3 

Figure 3-46. CA - C, vs V Example 
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IO+-01 x UlOh) SUB 

- 

Figure 3-47. @/,, - V,] C= CONST Example 
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DATA 
‘6 Enb b r”7 

QUIT CABLE CAL CABLE # SELF TEST 
4 5 

0 6 
SAVE RECALL IEEE 

ENTER 

c5 ri cbl 
l/C2 c/c, CMAX 

SUFFER 

0 
A-B 

3.17 SAVING AND RECALLING INSTRUMENT Table 3-20. Factory Default Configurations for 
CONFIGURATIONS Save/Recall 

The SAVE and RECALL buttons allow you to store ins&u- 
ment configurations in NVRAM and recau them later atP Mode Condition 
the touch of a button, thus simplifying operation of the 

- instrument with often-used setups. Range 2nF 
100kHz 

- 
Frequency* 
Filter on 

3.17.1 Factory Default Configurations Rate 10 readingsisec 
Zero Off 

A maximum of seven user-defined instrument configura- 
Trigger mode Sweep 

tiona can be stored and retrieved by using this feature. Trigger Source Front panel 

User-defined configurations are numbered 1 through 7. 
Note that the instnunent always assumes the conQua- 

Bias Source 
PAL’ 

tion stored in position 1 upon power up, or after the in- 
Bias Waveform DC 

strwnent receives the IEEE-488 DCL or SDC command 
Start Time lmsec 

over the bus. Stop Time lmsec 
Step Time lmsec 
First Bias ov 

One additional configuration, setup 0, contains factory 
Last Bias ov 

defaults that are permanently stored in ROM and cannot- 
Step Bias ov 

be altered. Table 3-20 summarizes the factory default con- 
Default Bias ov 

figuration for the vtious front panel operating modes that Count (Frogrammed # 450 

are affected by save/recall. readings per sweep) 

NOTES: 
*1ookHz units 

1. The lEEE438 primszy address, plottey setup parameters, NOTES: 
1, .*r_,, . . am moael are riot anectea cry savelrecau. 

2. From the factory, alI save/recall positions will be pro- 
1. Position 0 is permanently stored in ROM and cannot be 

grammed with the same configuration (see Table 3-20). 
altered. 

- 3.Configuration worksheets to record your setups tie 
2. Position 1 configuration is assumed upon power up. 

located in Appendix F. 3. Recall 0 returns alI units to 1OOkH.z frequency, including 
- 5901lM models. 
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3.17.2 SAVEing Configurations power up, and that position 0 contains permanently pro- 
grammed factory defaults. 

use the following procedure to save up to seven instru~ 4. The instnunent-will then return to normal operation 
ment setups. with the various modes programmed in accordance with 

the selected recall position. 
1. With the approptite front ~panel buttons, select the 

operating mode; to be saved. 
2. press SHIFT SAVE. The instrument witl display the 3.18 SELF TEST 

following prompt: 

SETUP NUMBER ? 
The self t&t pro@& is intended to check out internal cir- 
cuitry to make suIe that the iustrument is operating 
properly. 

3. Press the numeric key (l-7) representing the position 
you wish to save, but do not press ENTER. Keep in 
miud that the instrument assumes the position, 1 con- 

The following paragraphs descriie circuitry checked out 
by the self testy program and also give the procedure for 

figuration upon power up. rinning the tesi. - 
4. The selected configuration will be stored at that posi- 

tion, and the instrument will return to normal operation. 
3.18.1 Test Sequence 

3.17.3 RECALLing Configurations The instrument tests various circuits as follows: 

Recall one of eight instrument configurations as follows: 1. The unit tests front anel LEDs and dis lay annunciators 
by turning them J f on at the start 0 the self test. 

1. Press SHIFT RECALL. 2. The hard&e multiplier IC is checked for proper opem- 
2. The instrument will respond with the following tion by performiug a mutiplication and checking for pro- 

message: per products. 

SETUP NUMBER ? 
3. The module inputs are open circuited and then read to 

check for the presence of abnormal offsets. 

3. Press the number of the position you wish to recsll (O-7), 
but do not use ENTER. Keep in mind that~the unit 

4. The internal reference capa&mce values are measured 
and the values compare&with those obtained when the 
unit was last calibrated. 

DATA 

ii 5. cfl cfl @iB 
WIT CABLE CAL CABLE # SELF TEST 

0 
SAVE RECALL IEEE 

ENTER 

6 i, ri CEI 
l/C2 c/co CMAX 

BUFFER +/- 

0 0 c5 r, 
A-S CA-‘& tVA-VSIC-CONST. C vs T 
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= 3.18.2 Running the Self Test Table 3-21. Self Test Messages 

Use the following procedure to run the self test. Message / Description 

1. Press SHIFT SELF TEST. 
2. The instrument will enter the self test program, z&the 

start of which all front panel display segments and LED- 
will turn on to give you an oppotinity check for pro- 
per operation. 

3. During the femaiuing tests, the instrument will turn on 
all LED ~segments. 3.19 MATHEMATICAL FUNCTIONS 

4 If a problem e found, the insinunent will dis 
propriate BTOl message as Summ~Gd~in ‘f 

lay an ap- 
able 3-21. 

Note that the instrument may be operational under 
The Model 590 has a number of mathemati& functions 

these conditions, but improper readings wili probably 
which can be used to analyze buffer data. The following 

result. Jn this case, the instmm eat should be thoroughly 
para 
and f 

aphs descriie the various mathematical functions 

che~cked using the troubleshooting information located 
ow to implement them. 

in Section 7 of this manual. 

3.19.1 Displaying Math Functions 

NOTE 
Perform the self test several times if an error Math Function Display Formats 
occurs to verify that the error is repeatable. If 
an erroroccurs,themessagewiUlatchitltothe 
display. Press a key to return to normal. 

Math function display formats are summarized in Figure 
3-43. The display is divided into three basic areas: 

I 
DATA 

( ED b b b 

QUIT CABLE CAL CABLE # SELF TEST 

0 v 
ENTER 

0 
BUFFER 

0 
A-B 

SAVE RECALL IEEE 
1 2 3 

l/C2 c/c, CMAX 
+/- 

fzizi%B ti ti 
cA-CB IVA-VBIC-CONST. C “8 T 
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IDENTIFIER 
-L 

IV.4-V‘IC 

l/C’ 

c/c, 

CL 

L-C. 

CONST 

Cwt 

I I 

D. DDDDE+DD ,C2 

D.DDDDE*DD /Co 

fD.DDDO nF CMAX 

D.DDDDE~s DD AC 

f D.DDDDE f DD AV 

+D.DDDDnF AT 

Fi ztD DDDV 

I 

VOLTAGE 

VOLTAGE 

VOLTAGE 

VOLTAGE 

CAPACITANCE ln=nF. P=PFI 

BUFFER LOCATION 
NUMBER 

Figure 3-48. Math Function Display Formats 

1. Floating paint~r&ultz The result of the selected math 
function is a floating point number with a 4%-d@ sign- 
ed mantissa and a Zdigit signed exponent. 

2. Identifier: An identifier signifies the displayed math 
function. For example, Co in this position indicates that 
a C/Co value is bemg displayed. 

3. Voltage display: The voltage display area indicates the 
bias voltage for the followin four math functions: l/C, 
C/Co, CA, bxLCA-CB. For aI e pl;cvsl C CONST func- 
tion, the display shows the capacitance value. Finslly, 
the voltage display indicates the buffer location being 
accessed in the C vs t Mon. Complete inform&ion 
on making C vs t measurements may be found in 
paragraph 3.20. _~ 

Selection Procedure 

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 
CL. 

4. For those math functions which o crate on individual 
data points (for example, l/C2 and&C,), you can scroll 
through buffer locations and apply the selected math 
fgmtion by using the A or ‘I keys. Use ENTER or BUF- 
FER to display fit and last locations respectively. 8 

5. To cancel the selected math function and select another, 
simply press the button for another fnnction. Note that 
you cannot have more than one function operational at 
any given time. 

6. To return to normal buffer display, press RECALL. 
7. Press QUlT to return the instrument tom normal display, 

if desired. 

To apply math functions todata located inthe buffer and 
display the result, you must first access the desired buffer 3.19.2 Using Math Functions with the Plotter 
and then select the desired math function. The basic pro- 
cedure is outlined below. ~TJte various math functions can also be used when plot- 

ting data by using the basic procedure below. More detail- 
1. Press the BUFFER key. The insuument will prompt you ed information on plotting data may be found in paragraph 

to select the desired buffer: 3.16. 

BUFFER A=0 B=l ? 1. Press the plotter SETUP key repeatedly until the follow- 
ing message is displayed: 

2. Press 0 or 1 to select buffer A or B; at this point, the 
instrument will automatic& enter buffer display at 

PLOT TYPE 

location 1. 
2. Press the number of the math function (plot type) you 

wish to use as indicated below. Note that two of these 

8 
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functions (C vs V and G vs V) are an intr$sic part of 
- displaying buffer contents on the front panel. 

o= cvsv 
1= GvsV 
2= ~l/C “S v 
3= c&WV 
4= Cvst 

5= c*-c, vs v 
6= [VA-V,l 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 E&IT 
key. 

3.19.3 Math Function Descriptions 

A brief desdption of each available math function is given 
below. 

-~ 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/r to access each data word. The instrument will 
then calculate l/C* for each location as it is accessed and 
display it along with the bias voltage at that location. A 
typical example is: 

+1.10COE+18~/C2~-5.OOOV 
. 

When using this function with the plotter, the graph wiB 
show l/C* plotted on the Y axis versus the bii voltage on 
the X axis of the graph. 

c/co 

The C/C, function calculates the ratio between the 
capaatsnce value stored at~each location and the maxmuun 
capacitance value presently stored in the selected buffer. 

When displaying C/C, on the front panel, you can use A 
or v to scroll through buffer locations. As each location 
is accessed, the C/Co 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/Co vs V, with the Y axis showing 
C/C, and the X axis indicating the bias voltage, V. 

c”, 

The C,, function allows you to display the ma&mm 
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 maximum capacitance value as in this 
example: 

+ 1.9OOOOE-I2 CMAX 5.1000 V 

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 
buffer A. 

If you are displaying the result of this function on the front 
panel, you can used A or v 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 LOOOV 

When plotting this function, the C.,-C, values will appear 
on the Y a& while the buffer A bias voltage will beg graph- 
ed along the X axis. 
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lvA - V,] c const CvsVandGvsV 

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 instrument searches the two 
buffers and finds the closest matching capacitance value. 
It then subtracts the correspondi bias voltage in buffer 
B from the bias voltage in buffer A. 

When displaying this function, the VA-V, value will ap- 
pear in the left displa , and the constant capacitance value 
willappearintheri&tdisplay,asintheexamplebelow. 

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 a 
wiIl be graphed ip 

pear on the Y axis, while bias voltages 
ong 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 

1.2000 E-00 AV 123OOn 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 

Note that the capacitance value not includes the range, by below. 

indicating n for nF and p for pF. 

3.20.1 Internal C vs t Measurements 
When plotting this function, the V,-V, value will appear 
along the Y axis and the capacitance value will be plotted C vs t Waveform 
along the X axis. 

A typical C vs t tiavefokn is shown in Figure 349. The 
top waveform shows capacitance variations with time, and 
the bottom waveform shows the bias voltage. 

“AlA 
* SHIFT 7 R 

0 00 0 cl 
QUIT CABLE CAL CABLE # 

0 
SAVE RECALL 

ENTER 

62 c5 b 
l/C2 c/c, 

SUFFER +/- 

0 0 c5 
A-S CA--c6 WA-VSIC-CONST. 

SELF TEST 

c?l 
IEEE 

i, 
CMAX 

fiii&B 
C YS TV 
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DEFINITIONS: TIME COMPUTATION: 

tmar=START TIME (PROGRAMMED) tu.=tmm+ltnv+llRI 

tm,=STOP TIME IPROGRAMMED) WHERE: B=BUFFER LOCATION # 

&=STEP TIME (PROGRAMMED1 tm=TlME AT BUFFER LOCATlON 

t=READING INTERVAL=&,+I/R 
IR=READING RATE) 

Ov -D&L; 
BIAS 

t- 
SWEEP 
START 

NOTE: MULTIPLY PROGRAMMED TIMES BY 1.024 TO OBTAIN ACTUAL TIMES 

t. b 

- 

A. CAPACITANCE 

-------- ------ L ---- 
B. BIAS VOLTAGE 

Figure 3-49. C vs t Waveform 
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Table 3-22. Internal C vs t Setup Conditions 

1 Reading Rate 1, 10, 75 or lOOO/sec Rate determines intervals 

Step Tie lmsec to 65sec* Determines interval 
Default Bias -20v to +2ov Bias before/after sweep 
First Bias -20v to +2ov Bias during sweep 
count #Readings per sweep, As required 

l-450 (1,350 at 
l.OOO/sec~ 

*Programmed times must be multiplied by 1.024 to~~obtain actual 
times. 

Bias Waveform and Parameters Stop Tie: An additional delay period added to the last 
measurement interval before the instrument~retmns the 

Parameters necessary for internal C vs t measurements are bias voltage to the default value. 
summarized in Table 3-22. These parameters are further 
described below. Count: The number of readings to take during the sweep. 

Waveform Type: A DC bias waveform should be selected 
for internal C vs t tieastiements. 

Reading Rate: The reading rate and the step time deter- 
mine the time interval between individual readings. 

Default Bias: The bias voltage setting both bef.ore and after 
a reading sweep. Typically, the default bias might~be set 
to OV, but any other value in the range of -20V to + 20V 
in 5mV steps may be used, as reqtied. 

Fmt 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 +2OV with 5mV resolution. 

C vs t Setup 

Use the procedure below to~set 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 lM& 

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 
oft the programmed step time and the reciprocal of the 

Step Time: The time interval after one reading before a 
readink rate. 

measurement actually begins. You may program any&p 4. Select the desired ran e; remember to choose a range 

time in the ran e of lmsec to 65sec with lmsec resolution. 
that is sticiently h?g 4 to measure the maximum ex- 

Although no ms step actually occurs for a DC bias %. petted capacitance value. 

waveform, this time period is considered to be an integral 5. Using the MODE key, select the sweep trigger mode. 

oart of the time interval between individual measurem ents. 6. Use WAVEFORM to select the DC waveform twe 
k d&r&d below. necessary to take C vs t measurements. 

7. Program the desired start, stop, and step times with the 
Start Time: The start time is a pro 
period after the sweep is triggem f 

ammable initial delay 
before the hseent 

PARAMETER key. 

begins the first reading interval. That reading interval b 
8. III a ~irmlar manner, program YOW desired default and 

the sum of the programmed step time and the reciprocal 
first bias values. As discussed above, the default bias 

of the reading rate. 
will be applied to the circuit under test before the sweep, 
and the frst bias voltage will be applied to the test cir- 
cuit during the sweep. 
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9. Pfogram the number of readings with the COUNTptiq- NOTE 
- meter. Programmed times must be multipli~ by 

1.024 to obtain actual times. 

Taking C vs t Data 

Once you have the instrument set up properly, taking data C vs 
is simply a matter of connecting your test circuit to the in- 

t Display Example t Display Example 

strument and triggetig a sweep. Make sure the bias strument and triggetig a sweep. Make sure the bias 
voltage is tomed on before initiating the sweep. To trig- voltage is tomed on before initiating the sweep. To trig- 

Assume the f&owing programmed parameters: Assume the f&owing programmed parameters: 

ger a reading, press the MANUAL key (or use the pro- ger a reading, press the MANUAL key (or use the pro- Start time: 5Omsec Start time: 5Omsec 
gr-ed tri gr-ed tri 

% % 
ger stimulus, if desired). The insimm ger stimulus, if desired). The insimm ent will ent will 

cycle throug the programmed sweep sequence, taking cycle throug the programmed sweep sequence, taking 
Stop time: 50msec Stop time: 50msec 

data at intervals determined by the reading rate and pro- data at intervals determined by the reading rate and pro- 
Step time: 2Omsec Step time: 2Omsec 

75’isec 75’isec 
gr-ed step time. gr-ed step time. 

Reading rate: Reading rate: 
Buffer location: 100 Buffer location: 100 

Once the sweep is complete, transfer 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 InfoIlnation 

Once you have taken data, C vs t information can be 
displayed as follows: 

, 1. Press the BLIFFER 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 V 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: 

TV = 1.024tw + (1.024&, +~l /R) f.B) 

Where: ts = time at a specific buffer location 

ipgJzg;;yz 

B = displayed buffer location number 
I.024 = multiplying factor to obtain actual times 

The cuqulative time~at buffer location 100 can be calculated 
as follows: 

tB = 1.02.4t&+ (1.024Lq +~l/R) f.B) 

tiw = 5L2msec + (20.48msect1/75) (100) 

tlw = 2.lsec 

c vs t Plotting 

You can plot C v* 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 capad- 
tame, while the X axis displays buffer location numbers; 
you can compute time data using the formula @I step 3 
above. 
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WARNING: 
HAZARDOUSVOlmiE 

MAY BE PRESENT 
AT TEST OUTPIJT 

MODEL 230 
VOLTAGE SOURCE 

EXTERNAL TRGGER 
OUTPUT 

Figure 3-50. External C vs t Connections 
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Table 3-23. External C vs t Setup Conditions 

Parameter 

Waveform 
Reading Rat1 
Start Tie 
Stop Time 
Step Time 
Default Bias 
First Bias 
count 

1 

Description -~I Comments 

External 
1, 10, 75 or lOOO/sec 
lmsec to 65sec* 
lmsec to 65s~’ 
lmsec to 65sec* 
As required 
As reauired 

Rate determines intervals 

Determines interval 
Supplied by external somce 
Supplied by external source 
As required 

*Multiply programmed times by 1.024 tom obtain adual 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 pammeters shown on Figure 3-49 still apply, 

w although the bias voltages will be generated externally in- 
stead of internally. 

Parameters 

Parameters associated with external C vs t measurements 
are smnmarized 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 Fist 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- 
gf-ed for external C vs t tieasurements; Thti~start time 
gzves an additional delay during the first mea+reqent 
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: 

h = 1.024+ i-l/R 

Where: ti = interval between readings 
t *.* = programmed step time 

~-8 = 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 wiil, 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 

A 
*D.DDDD nF AT ] 

+ v 

I=[ 

MANTISSA c “S t BUFFER 
IDENTIFIER LOCATlON 

INDEX 

Figure 3-51. C vs t Display Format 
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Make connections as follows: 

1. Connect the 230 TRIGGER OUTPUT to the 590 TRIG- 
GER INPUT. 

2. Connect the-230 COMMON and OUTPUT 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 the 590 (not 
shown on diagram). 

WARNING 
Hazardous voltage may be present at the test 
OUTPUT 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 bias 
waveform. Also se@ external-trigger. - _. 

3. kogrm start, stop, step times, number of readings, and 
reading rate, as required. 

4. Turn on the bias voltage by pressing the BIAS ON key. 

230 Setup 

Propam the Model 238 voltage source as indicated below. 
Consult the Model 230 Instruction Manual for details on 
instrument programming. 

1. Program memory location 2 with the desired default 
voltage value. 

2. Frog&n memory location 3 with the first bias voltage 
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. 
6. Select the single program mode, then press the BESET 

button to return the unit to location 1. 

Taking C vs t 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 tri ger the Model 
590 to begin its measurement sweep an t 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 

Fit transfer data to buffer B for safe keeping, then access 
buffer B with the BUFFER key. Press C vs t to display the 
buffer location index, then used A or v 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 

ii s”io f2zikB fi@ikB b 
QUIT CABLE CAL CABLE # SELF TEST 

0 cl cl ctl 

tfl 

SAVE RECALL IEEE 
ENTER 

I cl cl 
l/C2 c/c, CMAX 

BUFFER +/- 

0 olb cl 
A-S CA-c6 &‘A-VSICCONST. CvsT 

Table 3-24. Summary of Cable Correction Methods 

Method Description 1 comments 
I I 

Driving point Measure open ended cable Front panel or bus 
Mahix pammeters Program known matrix IEEE-488 bus only* 

calibration 
parameter 
Measure accurate capa- IEEE-488 bus only* 

capacitor citance sources 

*See paragraph 4.11 

3.21 CABLE CORRECTION Available methods of correction include: 

The following paragraphs descriie the procedures and 
principles behind using cable correction with the Model Driving point Method 
690. dable correctionis&xdaJly important at IMHZ, and 
it can also be used for 100s ie&. This m&hod involves a driving point admittance measure 

ment of an open-ended cable, from which cable correction 

3.21 .l Cable Correction Methods terms are &lc&ted and then applied to subsequent 
measurements. 

Basically, there are three different methods of correction 
available in the Model 590, as suflllliviz ed in Table 3-24. The 
Of these, only the driving point method is available from 

this method are that only sim le 
s can be used for measurement, and ticat 

the front panel; the re2namin g methods are available only 
over the IEEE-488 bus, and are discussed in detail in para- 

compensation cannot be made for errors due to cable loss 

graph 4.11. 
or test fixtie shunt capacitance. 
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Matrix Parameter Method 

With this method, the inslnment is programmed with 
complex values representing the tmnsmission 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 
calculates 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 tmnsmis- 
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 
6xture. 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 corn 

Is. ing matrix or m 
ensate for signal paths through a switch- 
tiple cables and is available only over the 

IEEE-488 bus (see paragraph 4.11). 

3.21.2 Front Panel Cable Correction 

Use the following procedure to perform cable come&ion 
using the driving pointy procedure described above. 

1. Turn on the power and allow the instmment 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 instnunent 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. a 

5. Press SHCFT CABLE CAL to initiate cable correction, 
a process that will take a couple of seconds to complete. 

6. 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=O Y=l ? 

7. If~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; 

8. 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 ? 

9. Select the position to save current cable calibration 
(l-7). The unit wjll then return to normal operation 
with the new cable correction constants in effect. 

10. Connect your test fixture to the open-end test cables 
and make your measurements in the normal manner. 
Cable correction constants measured and calculated us- 
ing this procedure will be applied to subsequent 
measurements. 

NOTES: 

1. 

2. 

3. 

4. 

5. 

To cancel cable correction, select CABLE #O 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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IVICUUU~ --. 
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MODEL 590 

NOTES: 
1. USE ONLY RG-58 CABLES OF EQUAL LENGTH. 
2. INWT CABLE MUST BE OPEN ENDED DURING CDRRECTION. 
3. MAXIMUM LENGTH FOR EACH CABLE IS 5 METERS. 

Figure 3-52. Connections for Cable Correction 

3.21.3 Recalling Cable Correction Constants 3.21.4 Cable Correction Considerations 

Cable come&on 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 (1OOkHz or lMH2). 
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 (O-7). N& 
that selecting cable number 0 effectively disables cable 
correction, while cable numbers l-7 contain user-defined 
parameters. 

4. After you select the desired cable number, the in&u- 
ment will return to normal operation with the new cor- 
rection parameters in effect. These pammeters will re- 
main in effect until power is removed, or until cable 
number 0 is recalled. 

The driving poin~cable correction algorithm described 
above makes the following assumptions: 

l-The characteristic impedance of both cables connected to 
the test INPUT and OUTPUT jacks is 503. 

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 duet 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 5OpF 
could add an additional enor of up to 0.25%. To minimize 
errors due to shunt capacitance, use a test fixture of good, 
low-capacity design. Jn 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 where: ZE = corrected impedance 
ZM = actual measured impedance 

A cable, acting as a transmission line, can be modeled asp K1 = AD 

a two-port network, as shown in Figure 3-53. The trmmis- 
sion or ABCD parameters of such a network are defined 
as follows: 

K, = B (A + D) 

In this case, A, B, and D are the tmnsmission line matrix 
parameters, as described above. 

Once the corrected impedance is known, corrected C and 
G (or R) values can be easily computed. 

Where TM is the transmission matrix. 

In the case of a uniformly dismbuted transmission lie, 
the transmission mati, T, , becomes: 

coshh9 zm.we) 
ToI = 

Z-’ sinh(~9 cosh(yP) 
1 

Where the transmission line parameters are: Figure 3-53. Two-Port Network 

Z. = characteristic impedance 
P = length 3.22 ANALOG OUTPUTS 
y = a+jp = the propagation constant 
01 = the attenuation constant 
fl = the phase constant 

The Model 590 has analog outputs for the capacitance and 
conductance readings. Each output provides a scaled 
voltage that is analogous to the capacitance or conductance 
reading. Use and characteristics of these W,o outputs are 
disxissed in the following paragraphs. J.f we assume a lossless &ansmiasion line, the above matrix 

reduces to: 

cos(L39 jZo sW9 
T, = 

jZ,-l sin (fi9 cos(p9 1 
A further assumption is that the two transmission cables 
are identical. Thus, the trarcmission matrix parameters can 
be applied to a measurement to compute a corrected 
measurement as follows: 

Z.w - Kz 
zc = 

KI 

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 
CAPAUTANCE output provides a scaled 0-W (0 to O.ZV, 
ZpF, 1DolcHz range) for the capacitance reading. In a similar 
manner, the CONDUCTANCE output provides a scaled 
0-W (0 to O.ZV, &S, 1OOkHz range) for the conductance 
reading. Figure 554 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 ring is low. 
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WARNING 
Analog output low is connected to analog com- 
mon which can be floated up to 30V FM-6 above 
chassis ground only when the grounding switch 
is in the floating position. Exceeding 30V RMS 
may create a shock hazard. 

can be as high as +21,999 counts. The analog outputs 
will reflect the msximum 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 OCNS. This value should 
be considered as erroneous. To verify that an analog out- 
put value is valid, check the front panel display for pro- _. 

NOTES: 
per readings. 

1. Shielded cable should be used for analog output con- 
nections to minimize the uossibilitv of EMI suceutabili- 

Table 3-25. Analog Output Full Scale Values 

ty. Connect the shield to-analog output low as ;yell as 
the low terminal of the measunng device, as shown in 
Figure 3-54. 

2. Th& output impedance of each analog output is lkS. 
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 
O.l%, the input impedance should be at 1eastmTMR. 

3. The BIAS VOLTAGE MONITOR output is covered 
separately in paragraph 3.14. 

3.22.2 Analog Output Scaling 

*Value for 20,ooO count accuracy limit shown. Actual full 
scale value is approximately +22,000 counts. 

**5904 adapter required. 

- As mentioned previously, each analog output provides a 
scaled voltage which is analogous to the capacitance or con- 

- ductance reading. Table 3-25 s-arjzes full scale analog 
Table 3-26. Analog Output Examoles 

output values for various ranees with both measurement 
tie&encies (conductance ranges for the two frequencies 
differ). Table 3-26 gives some examples of analog output 

Analog output 

values with specific capacitsnce and conductance readings. 
Values 

(Capacitance/ 
Range Display Reading Conductance) 

NOTES: 
20pF/20fi 
200pFi200fi 

l2pF/l&S 1.2v11.6V 

1. FuU scale readings for rated accuracy are limited to WOpFEO/rS 1.9v10.5v 

20,000 counts, corresponding to a 2V full scale value at 2lllV2UlS l.lnF/1.8mS l.lV11.8V 

the analog outputs. However, actual full scale readings 
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MODEL 590 
CV ANALYZER 

t- 

COAX!AL CABLE 

I r 

HIGH 

\ Ik 
CASLE SHIELD - 

Low 

MEAWRING DEVICE 
(DMM. ANALOG FIMTER, CHART RECORDER1 

Figure 3-54. Analog Output Connection Example 
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3.22.3 Typical Analog Output Uses 

The ~%ialog outputs can be used with any measmkg device 
capable of handling the nominal 0-2V output values. 
Typical examples in&de 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 comuzted 
to the BIAS MONITOR jack of the 590, while the Y input 
would be connected to~the CAPACITANCE 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 revision for transmit- 
ting buffer data through t 1 e analog outputs. Figure 3-55. Multiple Ground Points Create a 

Ground Loop 

3.23 MEASUREMENT CONSIDERATIONS 
To prevent ground loops, instruments should be connected 

The following paragraphs discuss some measurement con- to ground only at a single point, as shown in Figure 3-56. 

siderations to take into account when using the Model 590. Note that only a single instrument is connected directly 
to power line ground. 

3.23.1 Ground Loops 

Ground loops that occur in muhiple4nstrument~ 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 smaJi resistance results in voltage drops 
that can affects the measurement. Even if the ground loop 
currents are small, magnetic flux cutting moss the large 
loops formed by the ground leads can induce sufficient 
voltages to disturb sensitive measurements. 

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 fioatig position. Regardless of the methy 
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 signal 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 
Uniona~ denoted by the CE mark. However, it is still pos- 
sible for ser&ive measurements to be affected by exter- 
nal sources. Intheseinstances, spedal precautions maybe 
requi@ in the measur-ent setup. 

Sources of EMI include: 

l radio and television broadcast transmitters 

l communictions transmitters, irxluding cellular 
phones and handheld radios 

l devices incorporating niiti6processor$ and high 
speed digital circuits 

l 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 seen as an unusually large offset, 
or, in the case of impulse sources, erratic variations in 
the displayed reading. 

The instrument, 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 wiu 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 noise 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 fr6m 
the test fixture ground and m&t be cormected~ to ana- 
log common of the instrument. 

Oft&, the inter@ fiitertig of the instrument may suf- 
ficiently reduce ths effects-of EMI. Jn 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 rates to 
use when attempting to reduce EMI effects. 

3.23.3 Parasitic Capacitance 

Parasitic or unwanted capacitance appearing in the test 
cables or fixture can seriously affect the accuracy of 
measurements made with virtually and instrument. 
$nce the Model ~590 m+sures capacitance, however, 
measurements made with this instnmxn~ran be par- 
ticularly sensitive to such parasitic capacitance. The 
way thatmcapacitmce 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. 

IQ the equivalent circuit ofFigure 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. 0 
The primary so&e of CL hY%.osfsituations 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 fine 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 mmrmize any such parallel capacitane that 
bight upset the measurement. 

Two ways to minimize parallel capacitance are: 

1. Shield the probes as close to the wafer as possible. 
2. Incorporate a farady shield, connected to analog 

common, around the wafer. 
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G, = TEST CONDUCTANCE 
C, = TEST CAPACITANCE 
Cp = PARALLEL PARASITIC CAPACITANCE 
C, = SHUNT PARASITIC CAPACITANCE 

OPERATION 

3.23.4 Cable Transmission Line Effects 

when measurin g at lMHz, the coaxial cable acts like a tran- 
mission line, and it can seriously affect measurements 
unless care is taken to minimize and corn ensate for these 
effects. While transmission line theory is l!e yond the scope 
of this discussion, there are a number of step5 you can take 
to keep measurement~errors due to transmission line ef- 
fects to a minimum. These precautions include: 

1. Use cable correction, especially when measuring at 
1~13 (see paragraphs 3.21 and 4.11). 

2. Keep the test cables as shoti~as possible. Maximum 
recommended cable length is five meters per cable. 

3. Use only the prescriied cable for test connections 
(RG58). 

4. Match impedances between the instrument, cables, and 
connectors as closely as pos&le. The nominal im- 
pedance is 503, and should be matched as closely as 
possible. 

5. Keep the number of discrete connections in the test 
system to an absolute minimum. No matter how careful- 
ly ~you a&apt to match impedances, some small 
mismatch at each connecting point is almost inevitable. 
The more connections, the “lumpier” the trammission 
path becomes. Thus, it would be better to use one con- 
tinuous length of cable instead of several shorter cables. 

Figure 3-57. Parasitic Capacitance 
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SECTION 4 
IEEE-488 PROGRAMMING 

4.1 INTRODUCTION 

This F&ion contains information on programming the 
Model 590 over the JEER-488 bus. Detailed instn&ons for 
all programmable functions am 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. 

Geneial information on the IEEE488 bus is located in the 
Appendix. 

section 4 contains the following information: 

4.2 A Short-cut to IEEE-488 Operation: Gives a siui Je 
step-by-step procedure for getting on the bus as qm Jl y 

- 
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 
codes that apply to the instrument. 

4.5 Primary Address Selection: Tells how to program the 
instrument for the correct primary address. 

4.8 Controller Programming: Demonstrates simple pro- 
gramming techniques for typical IEEE-488 controllers. 

4.7 Front Panel Aspects of IEEE-488 Operation: 
Describes the operation of the LOCAL key and bus status 
indicators, and summa&es front panel messages that 
may occur during bus operation. 

4.8 General Bus Command Programming: Outlines 
methods for sending general bus commands to the 
instrument. 

4.9 DeviceDependent Commands: Contains desaiptions 
of most of the programming commands used to control 
the instrument over the bus. 

4.10 Using the Translator: Describes an altemate~pro- 

- F. 
amming method of using easily recognized user- 

efmed words in place of device-dependent commands. 
- 

4.11 Cable Correction: Desaibes driving point, matriw 
parameter, and calibration capacitor methods of cable 
correction. 

4.12 Programming Examples: Gives examples for pro- 
grammin 
merits, f 

the instruments to take one-point measum- 
p ot data, and generate C vs t mformation. 

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 rogram basic operatin modes. Refer to the 
remainder of echon 4 for detailed !z 

.J- 
onnation on IEEE-488 

operation and progmmming. 

Step 1: Connect Your Model 590 to the Controller 

With power off, connect the Model 590 to the IEEE-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 mom detail. 

Step 2: Select the primary Address 

Much like your home address, the primary address is a 
way for the controller to refer to 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 progr amming language, or you~$R 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 0 and 
30 by pressing SHIET IEEE and then using the numeric 
keys to chsnge~ 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 Programming Example-Use the simple HP-85 program 
located in paragraph 4.5. below to send programming commands to the Model 590 

and display the data string on the computer CRT. 

step 3: write Your Program 
PROGRAM COMMENTS 

Even the most basic operations wiu require that you write 
a simple program to send commands and read back data 10 REMOTE 7 15 Send remote enable. 
from the instrument. Figure 41 shows a basic flow chart 
that a typical simple program will follow. The pro@.In- 

20 Rasp r r C~MM~~+JDI 7 j prompt for command &fng. 
50 INPC~T c* 

tig example below follows this general sequence. This 
Input the cornman d string. 

4~ OUTFC~T 715; ~3 
program wiu allow you to type in co mdstringstopro- 

Send command suing to 590. 
50 ENTER 715; A$ 

gram the ins&unrent and display data on the HP-85 com- 
puter CRT. MllISPA8 

70 COT0 20 
80 EMD 

Get a reading from the 
instrument. 
Display the rea3ing. 
Repeat. 

START 7 
I I PLACE UNIT 

IN REMOTE 

c5 END 

Figure 4-l. Typical Program Flow Chart 

Step 4: Program Model 590 Operating Modes 

You can progrsm 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 co mmand option(s). Table 41 summarims 
the most often used Model 590 commands. 

Anumberofco mmands 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 commm d string when prompted 
to do so. Some example strings are given below. 

FOROX Select 1001cHz, autorange. 
PONlX Turn filter off, bias on. 
S4R9X Select l/set reading rate, turn autorange off. 
TO,lX Select sweep on talk trigger mode md source.~ 

NOTE 
The HP-85 uses a comma to delimit its INPUT 
statement, the same character used toodelimit 
multiple-option 590 commands. Place quotes 
around the input string when typing in mukiple- 
option commands. 
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Table 4-1. Summary of Most Often Used IEEE-488 Commands 

Mode 

requency 

wse 

Reading Rate 

Trigger Mode and Source r 
Waveform and Ties 

l------ 

Command 1 Description 
L 

FO 1ookHz 

ii 
1MHz 
Disconnect test signal from jacks 

I 

Bias source off 
Bias sourceon 

._^_ I,.. . NOTE: See Table 49 on page 4-w tar a complete summary or aewce-aepenaent command.. 

/lOOkHz 1iVIJ.G 
RO Autorange on Autorange on 
RL 2P/2@ ZOpF/200G 
R2z 2OpF/20@ ZOpF/2OO.S 
R3 20OuF/200uS 2OOoF/2mS 
R4 2l-k’ ti/&S 
R5 Rl x 10 Error 

R2XlO Error 
R3 x 10 Error 

E-i 
R4xlO Enor 
Autorange off Autorange off 

so ~~ 1000 readings/set 
Sl 75 readings/set 

18 rexhgs/sec 
10 readines/sec 

I 
TO,0 One-shot talk 
TO.1 ~~~~ SWeeu. talk 
Tl;O One-&ot, GET 
T1,l Sweep, GET 
T&O One-shot, X 
l-v sweep, x 
T3,O~ One-shot,extemal 

2: 
Stieep, external 

T4:l 
One-shot, front panel 
Sweep, front panel 

zo Zero off 
Zl Zeroon 

I 

v (first) 1 first = first bias; 
(,i&) last = last bias; 

E%, 
step = step bias; 
defauit=default bias: 
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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 willbe 
necessary for you to trigger the instrument. The trigger 
stimulus will depend on the programmed trigger sowce. 
For example, you can send the string “TZJX” to program 
the sweep on X mode and at the same time tigger a sweep. 

Step 6: Get Readings from the Model 590 

UsuaIIy, you will want to obta+ one er more readings from 
the Model 590. In the example programs above, a single 
reading is requested and displayed after each command. 
In other c&es, you may wish to program the instrument 
configwafion 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 stids over the 
bus is in ASCII characters of the form: 

Figure 4-2. IEEE-488 Connector 

NCSK +~1.2345E-09 ~~~~~ 4.3.2 Multiple Connections 

where: A typical connecting scheme for a multiple-instrument test 
setup is shown in Figure 43. Although any number of con- 

NCSKistheprefix~=normal,C=capadtanCe,~S=series, nectars could theoretically be stacked on one instrument, 

K=lOOkHz). it is recommended that you stack no more than three con- 

+ 1.2345 is the mantissa of the reading. 
ng~ors~~oq any om u*t to avoiyi possible mechanical 

E-09 is the exponent. d=FF. 

Note that a variety of data formats xre available, as dis- 
cussed in paragraph 4.9. INSTRUMENT 

INSTRUMENT 
INSTRUMENT 

4.3 BUS CONNECTIONS 

4.3.1 Bus Connector 

The Model 590 is intended to be connected to the IEEE-488 
bus through a cable equipped with standard IEEE-488 con- 
nectors, an example of which is shown in Figure 42. The 
connector is designed to be stacked to allow a number of 
parallel connections’at one instrument. Two saews 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 were silver colored. Do 
not attempt to use these type of connectors on the Model 
590, which is designed for metric threads. 

Figure 4-3. IEEE-488 Connfktions 
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- 4.3.3 Recommended Cables require a different type of connecting cable. Consult the 
V insinlction manual for your controller for the proper con- 

J.n order to minimize interference caused by elec- netting method. 

tromagnetic radiation, it is recommended that oniy shield- 
ed IEEE438 cables be used. The Models 7007-l and 7007-Z I. 
shielded IEEF.-~~s cables are available from Keithley In- 4.3.5 Bus Limitations 
simments, Inc. 

The IEEE-488 bus is limited to a mti& of 15 devices, 

4.3.4 Connection Procedure 
inchxiing 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 

Connect the Model 590 to the IEEE-488 bus as follows: ematic bus Operation. 

1. Line up the cable connector with the connector located 
on the rear uanel of the instrument. The comiector is 4.3.6 Contact Assignments 
designed sd that it will fit only one way. Figure p4 
shows the location of the IEEE-488 connector on the C-tom cables may be consmcted by using the informa- 
insment. tion in Table 42 and Figure 45. Table 42 lists the contact 

2. Ti&ten the screws securely, but do not overlighten assignments for the bus, and Figure 45 shows the contact 
them. configuration. 

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 iXEE-488 style connector, but a few may 

IEEE-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 

: 
DIOl 
DI02 

3 DI03 
4 DI04 

:~m DAV 
EOI (24)* 

7 
8 tE 
9 ~~~. IFC 

10 SRQ 

ii 
ATN 
SHIELD 

13 D105 
14 D106 
1.5 D107 
16 DIOS 
17 RFiN (24)* 
18 Gnd, (6)* 
19 

E2 g* 20 
21 Gnd: (9)’ 
22 Gnd, (lo)* 
23 Gnd, (ll)* 
24 Gnd, LOGIC 

Data 
Data 
Data 
Data 
Management 
Handshake 
Handshake 
Handshake 
Management 
Management 
Management 
Ground 
Data 
Data 
Data 
Data 
Management 
Ground 
Ground 
Ground 
Ground 
Ground 
Gti%d 
Ground 

*Numbers in parenthesis refer to signal ground return 
of referenced contact number. EOI and REN signal lines 
return on contact 24. 

programming comman ds found elsewhere in this msnual. 
Interface function codes for the Model 590 are listed in 
Table 43 and are listed for convenience on the rear panel 
adjacent to the IEEE-488 connector. The codes define 
Model 590 capabilities as follows: 

SHl (Source Han&hake)-SHl 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 )-AH1 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 U 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. LA means that the Model 590 is 
a basic talker and will be unaddressed to listen when ad- 
dressed to talk. 

SRl (Service Request)-%= SRl fur&on defines the ability 
of the Model 590 to request service from the controller. 

CONTACT 12 CONTACT 1 

F 7 

t I \ J 

CONTACT 24 CONTACT 13 

Figure 4-5. Contact Assignments 

4.4 INTERFACE FUNCTION CODES 

RLl (Remote Local)-The RLl function d&es the capabili- 
ty of the Model 590 to be placed in the remote or local 
modes. 

PPO (Parallel Poll)-PPO means the Model 590 does not 
have parallel polling capabilities. 

DCl~(Device Clear)-The DC1 function defines the ability 
of the Model 590 to be cleared (initialized). 

DTl (Device Trigger)-The ability for the Model 590 to have 
its readings triggered is defined by the DT function. 

CO 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 Taker)-The Model 590 does not have ex- 
tended talker capabilities. 

LEO (Extended Listener)-The Model 590 does not have ex- 
tended listener capabilities. 

The interface function codes, which are part of the IEEE-488 El (Bus Driver Type)-The Model 590 has open-collector 

standards, define an instrument’s ability to support various 
bus livers, 

interface functions, and they should not be confused with 
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IEEE-488 PROGRAMMING 

Table 4-3. Model 590 Interface Function Codes 

Code Interface Function 

SHl 
AH1 
T6 

IA 

SRl 
RLl 
PPO 
DC1 
DTl 
c28 
El 
TEO~ 
LEO 

Source Handshake capability 
Acceptor Handshake capability 
Talker (basic talker, serial poll, unaddressed 
to talk on MLA) 
Listener (basic listener, unaddressed to 
listen on MTA) 
Service Request capability 
Remote/Local capability 
No Parallel Poll cap&iity 
Device Clear capability 
Device Trigger capability 
Limited Controller capability* 
Open collector bus drivers 
No Extended Talker capabilities 
No Extended Listener cauabilities 

1. Press SHIFI IEEE. The instrument will respond with the 
presently programmed primary address: 

IEEE ADDRESS 15 

2. Jn 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 
numeric data keys. Remember that the primary address 
limits are 030 inclusive. Ifyou enter an address above 
34, the unit will set the address to 30. 

5. Once the desired valtie is displayed, press the ENTER 
key. 

6. The. instrument will then,r&urn to normal gperation 
with the new address in effect. 

4.6 CONTROLLER PROGRAMMING 

*~~n,$o;ne plotting only; CO (no controller capabiity) 
~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 
IEEE& controller, the Hewlett-Packard HP-85. 

- 
The Model 590 must receive a listen cmmnsn d before it will 

- respond to addressed commsn ds over the bus. Similarly, 
the instrument must receive a talk comman d before it wjll 
transmit its data. These listen and talk comman ds 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. 

4.51 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 primq address of the Model 
590. Most controllers also use a primary address; consult 
the contioller instruction 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 
A 
- To check the presently programmed primary address, or 

to change to a new one, proceed as follows: 

4.6.1 Controller Handler Software 

Before a specific controller can be used over the IEEE-488 
bus, it must have IEEE-488 handler software installed. With 
some controllers like the HP-85, the software is located in 
an optional I/O 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 IEEE488 functions. With 
many, interfaces programming may depend on the par- 
ticular interface being used. Many times, little ‘%ic.ks” 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 us&r may~intiorrectly 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 set- 
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 conrrolEng the IEEE-488 bus. A partial 
list of statements for the HP-85 is shown in Table 4-4. 

HP-85 statements have a one or three cligit atgument~that 
must be specified as pazt 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-d@ 
argument ~specify the primary address. In the examples 
shown, 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. 

The following paragraphs dis+ss 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%. 

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. 

Some of the statements have two forms, with the exact con- 
figuration depending on the command to be sent over the Programming an invalid parameter from the front panel 
bus. For example, CLEAR 7 sends a DCL cornman d over will generaie an INVALID error message, as discussed in 
the bus, while CLEAR 7l5 sends the SDC command toga Section ~3. However, attempting to progmrn an invalid 
device with a primary address of 15. parameter over the bus will generate an lDDC0 (Illegal 

- - Device-Dependent Conimand Option) error, as discussed 
below. 

.Table 4-4. HP-85 IEEE-488 BASIC Statements 

Action 

Transmit string to device 15. 
Obtain siring from device 15. 
Send GTL to device 15. 
Send SDC to device 15. 
Send DCL to all devices. 
Send remote enable. 
Cancel remote enable. 
Serial poll device 15. 
Send local lockout. 
Send GET to device 15. 
Send lFC. 

HP-85 Statement 

OUTPIUT 715;~~k$ 
ENTER715;8$ 
LOCAL 715 
CLEAR715 
CLEAR 7 
REMOTE 7 
LOCUL 7 
SPOLL <715:1 
LOCAL LOCKOUT 7 
TRIGGER715 
ABORTIO i 

4.7 FRONT PANEL ASPECTS OF IEEE-488 
OPERATION 

Sidy, a front panel mode conflict error situation (for 
exaniple selecting lMHz with Xl0 enabled) results in a 
CONFLlCT error message. In COi-tlrast, 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. 

The following paragraphs discuss aspects of the front panel Programming Exampl+To demons&ate the NO REMOTE 

thatarepartoflEE&lX%a, ~~~~~.~~, P~mm~~~~ingfrontpanel ERR message, type~in the following lines: 

error messages, IEEE-488 status indicators, and the LOCAL 
Lx, LOCAL 7 
“CJ . 

OUTPUT 715; L ‘RIX’ J 

4.7.1 Front Panel Error Messages 
Note that the NO REMOTE ERR message is briefly 

The Model 590 has a number of front panel error messages 
displayed when the second statement above is executed. 

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. 
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Table 4-5. Front Panel IEEE-488 Messages 

Message Description 

NO pEMOTE ERR Unit prograqmed with REY false. 
IDDC (Illegal Device- Ulegal command sent. 
Dependent Command) 
IDDCO (Illegal Device- illegal command option sent. 
Dependent Command Option) 
TRIG-OVERRUN Unit triggered while processing 

reading or sveep. 

CAL LOCKED Calibration switch in locked position. 
BUSY Unit performing calibration 
TRANSLATOR-ERR Translator error 

CONFLICT Attempt at cable correction at 1OOkHz 
DISCONECI Test signal disconnected from jacks 

Comnients 

Set REN true, address unit to listen. 
Send only legal comman d 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 lMHz only. 
Invoked with FZ commanci. 

IDDC @Ilegal Device-Dependent Comman d) Error IDDCO (Illegal Device-Dependent Co mmand Option) 
Error 

An IDDC error occurs when the unit receives an illegal 
device-dependent co mmand over the bus (the unit does Sending the instrument a legal command with an illegal 
not check comman d until it detects the ‘X” ~character option will result in the following front panel error 
however). For exam 
an illegal command % 

le, the command string ElX include; 
ecause the letter E is not part of the 

message: 

insttument’s programming language. When F illegal com- IDDCO 
mand is received, the instnnnent will briefly display the 
following error message: 

IDDC 

To correct the error condition, send only valid commands. 
Refer to paragraph 4.9 for device-dependent command 
programming details. 

Programming Example-To demonstrate an IDDC error, 
use the following statements: 

REMCITE 715 

OIJTFUT 715; L ‘EiX’ g 

For example, the command K9X has an illegal option (9) 
that is not part of the instrument’s programming language. 
Thus, althou h the co 

2 
nunand (K) itself is valid, the option 

(9) is not, an the IDDCO error will result. Similarly, 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 iUegal 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. 

Note~~~that the IDDC error message is briefly displayed 
when~ the second statement above is executed. 

p rogramming Example-Demonstrate an IDDCO error 
with the following statements: 

REPKITE 715 

OIJTFIJT 715,: L Lk;SX” 
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Note that the IDDCO error message is briefly displayed 
when the second statement above is executed. 

Trigger Overnm Ewr 

A kigger overrun message occurs when the instrument is 
triggered wbde it is still processing a reading or sweep from 
a previous trigger. The exact trigger stimubz will depend 
on the select& trigger mode, as discussed in paragraph 
4.9. 

Overrun triggers will not affect the instnunent except to 
generate the message below. Jn other words, the reading 
or sweep will not be aborted by the overrun trigger 
stimulus. When such a trigger overrun condition occurs, 
the instmment will briefly display the following error 
message: 

TRIG-OVERRUN 

Programming Example-To demonstrate an overron trip- 
ger situation, type in the following statements: 

REMOTE 7 15 

OUTPUT715; rrT1?iX” 

TRIGGER715BTRICGER715 

Note that the TRIG-OVERRUN message is briefly 
displayed when the third statement above is executed. 

Calibration Locked Message 

Sending a calibration (Q) comman d (except for QO, which 
performs drift correction) with the internal caBration 
switch in the locked position will result in the following 
message: 

CAL LOCKED 

Refer to paragraph 7.3 for calibration information. 

% . g Example-Demons&ate the calibration lock- 
ed message by using the statements below. 

CAUTION 
Do not use the following example unless you are 
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 715; r LQIX9’ 

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 instnunent. Each of these 
indicators is briefly described below. 

TALK-This indicator will be on when the instrument is 
in the talker active state. The unit is placed in this state 
~~f~ossing it to talk with the correct MTA (My Tau( Ad- 

mmand. TALK will be off when the umt 1s m the 
taker idle state. The instrument is placed in the talker idle 
state by sending it an LINT (Untalk) command, address- 
ing it to listen, or with the IFC (Interface Clear) command. 

USTEN-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) comman d. 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 taIk, or by sending JFC (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 
RFN true before the REMOTE indicator will tom on. When 

2. Front panel parameter mod33cation should always be 

the instrument is in remote, all front panel keys except for 
completed before attempting to use bus control. For ex- 
ample, you should not attempt to p;ogram bii wave- 

the LOCAL key will be locked out. When REMOTE is turn- form parameters over the bus while editing them from 
ed off, the instrument is in the local mode, and front panel the tint panel, or the tit will hold off the bus. Sii- 
operation will be restored (unless LLO is in effect). ly, attempting to~progmm over &e IJJB whiK3 viewing 

buffer data will also cause a bus hold off. 

4.7.3 LOCAL Key 
In any case, you can restore bus operation by using ap- 

The local key cancels the remote mode and restores local 
propriate keys to return to normal display. 

operation of the instrument. 

4.8 GENERAL BUS COMMAND 
PROGRAMMING 

Since all front panel keys except LOCAL are locked out 
when the instrument is in remote, this key proyides a con- 
venient method of restoring front pane1 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 c%ot con- 
trol the instrument simultaneously from both the front 
panel and over the IEXE-488 bus. However, the following 
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 @rogmmming over the bus. Note that 
LOCAL is aLso inoperative if the LLO (Lccal Lockout) 
command is in effect. 

General bus comman ds are those comman dsswhasDCL 
that have the same general purpose regardless of the in- 
strument. Commands sup 
summa&ed in Table 4-6, l? 

rted by the Model 590 are 
w ch also lists HP-85 statements 

necessary to send each comman d. Note that commands 
requiring a primary address assume that the Model 590 
primary address is set to 15 (its factory default address). 

Table 4-6. General Bus Commands and Associated 
BASIC Statements 

HP-85 
Command Statement Effect On Model 590 

I I 
REN REMOTE 7 

IFC ABURTIO 7 

Goes into effect when 
next addressed. 
Goes into talker and 

LLO 
listener idle states. 

LOCkL LOCKOUT LOCAL key locked 
out. - 

GTL LOC~AL 715 Cticel remote, 
restore front panel 
operation. 

DCL CLEAR 7 Returns to default 
conditions. 

SDC CLEAR 715 Returns to default 
conditions. 

GET TRIGGER 715 Triggers measurement 
with GET source. 
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4.8.1 REN (Remote Enable) 

RENisaunilineco mmand 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 adually go into remote. 

Ge%zmlly; 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 Exampl~Place the Model 590 in remote 
with the following statement: 

REMOTE 715 

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 insbxment is programmed 
for the correct primary address (15). 

Note that all front panel controls except LOCAL~(tid, of 
course, POWER) are inoperative while the ir&ument 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 IFC command by cancelling front panel 
TALK 61 LISTEN lights, if the instrument was previously 
placed in one of those states. 

To send the IFC cominand, the controller need only set 
the lFC line true for a minimum of lCO&ec. 

Programming Example-Before demonstrating the JFC 
command, place the instrument in the talker active state 
with the following statements: 

SEND7; TRLK15 

At this point, the TALK indicator should be on. 

The IFC command can be sent by typing in the following 
statement: 

kBORTI0 7 

Note that the TALK indicator turns off when this statement 
is &ecu&d. 

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 m-&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 Note that the instrument goes into the local mode, and that 
the RBN line false, which will also take the unit out of operation of the front panel keys has now been restored 
remote. (assuming that LLO is not in effect). 

kB;zgto send LLO, the controller must perform the 43.5 DCL (Device Clear) 

1. Set ATN true. ~The DCL co mmand may be used to clear the Model 590 

2. Place the LLO co mmand byte on the data bus. 
and return the unit to default conditions. Table 47 lists 
factory default conditions for-the instrument after it 
receives a DCL. Note that many of these are the same con- 

Programming Exmpl-To verify LLO Operation, enter 
ditions as front panel save/recall position 1, and they may 

the following statements: 
h different if yoU change that con6guration. 

REMOTE 715 

LOCALLOCKOUT 
Table 4-7. Power Up, DCLISDC Default Conditions 

After the second statement is executed, the LOCAL key 
will be locked out. 

Mode 
Equivalent 
Command(s) Description 

To restore front panel operation after asserting LLO, set 
REN false, as in the following example: 

LOCAL 7 
- 

- 

Range* 
Frequency* 
Operation 

Ei 
OOJ 

Filter* 
Rate* 
zero* 
Trigger* 

Pl 
s3 

4.8.4 GTL (Go To Local) 
E,l 

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. 

Bii source* 
Waveform, times: 

Bias voltages* 

To send GTL, the ControLler must perform the followjng 
sequence: 

1. Set ATN true. 
2. Address the Model 590 to listen. 
3. Place the GTL command byte on the data lines. 

Plotter grid 
Plotter pen 
plotter line 
Plotter label 
Plot type 
Buffer to plot 
x axis scaling 
Y axis scaling 
Buffer output 

NO 
WOJE-3,IE-3, 
JE-3 
v0000450 I I , , 

A3,O 
&l 
A6,7 
A7,O 
A20 ,f 
A4,O 
A8,O 
A9,O 
BO 

progr amming Example-Place the instrument in remote 
with the following statement: 

REtlUTE 715 

Data format GO 

EOI and Hold-off 
SRQ 
Terminator 
Cable Correction 

El 
YO 
co,7 

2nF 
1ookI-h 
C. G. V data. 
p&&e1 model 
Filter on 
10lsec 
Zero off 
Sweep, l+ont 
Fg 

DC, all 
times lmsec 
All ov, 
count=450 
FuJl grid 
Pen #1 
Solid line 
Full labels 
c vs v 
AID 
Auto 
Auto 
current 

Zag%. suf- 
fix off, lhg 
Both enabled 
Disabled 
<cR><LF> 
Correction to 
front panel. 

Verify that the instrument is in remote. 
I &VOTE: Sending DCL or SDC cancels drift correction (QO). 

- 
Send GTL as follows: 

these modes can be changed by altering setup 1 

- 
configuration (L co mmand). 

LOCAL 715 
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To send the DCL co nunand, 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 (QO) constants will be 
cancelled by DCL. 

Pn~gramming E&ample--Using several front panel buttons, 
alter ins&ument configuration from the factory default 
value and enter the following statement into the keyboard 

CLEAR 7 

When the above statement is executed, the instrument 
returns to default conditions. 

4.8.8 SDC (Selective Device Clear) 

SDC is aim addressed co mmand that performs essentially 
the same function as the DCL co mmand. 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 47. Note that many of these conditions are specified 
with tiont 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 true. 
2. Address the Model 590 to listen. 
3. Place the SDC co mmand byte on the data bus. 

Rogrammiu g Example-Using several front panel con- 
trols, alter instrument modes from the factory default con- 
figuration. Send SDC with the following stateme& 

CLEAR 715 

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 insuument is placed in the appropriate trigger mode. 
BasicsBy, 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 co mmand byte on the data bus. 

Rw wmuing Example-Type in the following statements 
to place the instrument in the correct trigger mode for pur- 
poses of this demonstration: 

REMOTE 715 

OlJTPUT715; *rTiriX’s 

Now trigger the sweep by sending 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 fur&ions, as described in paragraph 
4.9.16. The serial polling sequence can also be used by the 
controller to determine which ins&ument 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 wai+mg to be 
addressed. 

3. The Model 590 is then addressed to talk. 
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- 4. The controller sets ATN false. Prograuuning Example-The HP-35 SPOLL statement 
- 5. The instrument places its status byte on the data bus automat&ally performs the sequence just described. To 

to be read by the controller. demonstrate serial polling, typed-in the following 

6. The controller then sets ATN true and places the SPD statements’ 
(Serial Poll Disable) command byte on the data bus to 
end the serial polling sequence. S=SPOLL 17151 

IlISPS 

Once instruments are in the serial poll mode, steps 3 
through 5 above can be repeated by sending the correct When the above statements are executed, the Model 590 
talk address for each instrument. 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 

IEEE-468 device-dependent commands concerned with the Model 590 are the most important com- 
mmds associated with instrument progr awning because they control most instrument operating modes. 
All front panel modes (such as rate and range), as well as some modes notavailable from the front 
panel (like SRQ and terminator) can be programmed with these commsnds. 

~tIINI6tId 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 commands have two or more parameters that must be separated by commas. Forexample, the 
V10,5,1,0Xcommand 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 co mmand string, as described in paragraph 4.9.1. Conunsn ds 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 co mmand 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 comman d strings include: 

ROX Single commands string. 
RlFOSlX Multiple command string. 
zlx Space is ignored. 
W2,3,4X Multiple-parameter command string (parameters separated by commas). 

Typical invalid co mmand strings include: 

ElX Jnvalid command, as E is not one of the instrument’s valid commands. 
K7-x Invalid command option because 7 is not an option of the K command. 
V3OX Invalid parameter (maximum bias voltage is 2OV). 
W123X Multiple-parameter command without the necessary separating commas. 

4-16 



IEEE-488 PROGRAMMING 

Using Multiple-Option Commands Some CO mmands have multiple options, allowing your to 
program several parameters with a single co mmand letter. For example, the W command is used to 
program we bias waveform, and the start, stop, and step tjmes associated wi+ that waveform, as 
in the following example: 

Wl,lOOE-3,50E-3,10E-3X 

In this instance, the first parameter (l) selects single staircase waveform, while the last three parameters 
program start, stop, and step times of lOOmsec, 5Omsec, and Khnsec respectively. 

The general format for listing multiple-option comma ds in this manual is shown in the following 
example: 

V(first)(,last)(,step)(,default) 

Here, first, last, step, and default are numeric parmeters, w$ile the commas indicate the necessary 
delimiters. The parentheses around a particular parameter indicate that that parameter and the associated 
delimiter are optional. 

NOTE 
Do note include parenthesis in actual co mmand strings. 

When using any multiple-option co mmand, you need not include all parameters in the comman d 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 

ln this instance, the first three commas mark positions where the first, last, and step bias values are 
omitted. 

If leaving out succeeding characters in the co mmand string, you need not include the parameters or 
delimiters. For example, the following cornman d could be sent to change only the bias waveform without 
modifying stat, stop, or step times: 

WlX 

III 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 instient always executes them in a specific order, as summarized 
in Table 48. 

lf you wish to force a particular order of command execution, simply in&de the execute (X) character 
after each command-option grouping in the co mmand string. For example, the following string would 
be executed in the received order: 

FOXROXS4X 
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Table 4-8. Order of Command Execution 

Description 

A!D programming 
I/O programming 
Cable correction programming 
Global parameter programming 
B, C, D, H, I, K, Jr L Q 
x 

Device-dependent Command SUmI’naty All Model 590 device-dependent commands are smn- 
marked in Table 49, which also lists respective paragraphs where more detailed information on each 
command may be found. As listed, commands are s ummarized in most-often-used to least-often-used 
order. As a convenience, Table 410 provides a CTOSS reference in alphabetical order. 

Note that you can also use the Translator to simplify progr amming, as discussed in paragraph 4.10. 

Table 4-9. Device-Dependent Command Summary 

CeadingRate (S)* 

‘Rates are nominal. 

iii 
R9 
so 

:: 
s3 
s4 

TO.0 
TO:1 
TiO 
T1,l 
T&O 
T2.1 
T$O 
T3,l 
T4,O 
T4,l 

I 

f 

1 

Desuiption Paragraph 

Execute commands 4.9.1 

1ookHz 4.9.2 
IMFIZ 
Diionnect test voltage 
1ookHz lMH2 ~~~ ,, 
Autorange on Autorange on 
2pFQS 20pF1200pS 
20 F/2OpS 

1 
20 F/200kS 

20 pF12OOfiS 20 pF/ZmS 1 
2uFLzms 2nF/2oms 
Rl x10 on Error 
R2 x10 on ~~EIIOr 
R3 x10 on Error 
R4 xl0 on Error 
Autbrange off, stay on range 
lOUO/sec, 3% digits 
75 Isec, 3Yz digits 
18/set, 4Y2 digits 
lOlsec, 4% digits 
llsec, 4Yz digits 
One-shot on talk 
Sweep on talk 
One-shot on GET 
Swee 

K 
on GET 

One-s ot on X 
Sweep on X 
One-shot on external pulse 
Sweep on external pulse 
One-shot on front panel 
Sweep on front panel L 

4.9.3 

I 
4 

1 
:.9.4 

:.9.5 
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diode 

lis Voltage (V) 

Yavefom (W) 

iias Control (N) 

Ma Format (GO) 

Table 4-9. Device-Dependent Command Summary (Cont.) 

Command Descr+tion 

V(first)(Jast)(,step) Fist = fir& bias; L&t = last bias; 
(,&fault)(Jount) Step = step bias; Default = default 

bias; -20.000~V~20.000 l+zount< 
450 (1,350 at l,OOO/sec). 
f,$ra$ef;~: $~;~~;iICsingl&tair; 
2 = Dual stair; 3 = Pulse; 4 = 200V Exter- 
nal bias; 5 : 2OV External bias; Start = 
start tie; Stop = stop time; Step = step 
time: lmsec CT S 65sec 

Iperation (0) 

Suffer ($3) 

Totter (A) A0 
Al 

A2, plot 

NO Bits off 
Nl Bias on 

:i 
G5 

Ooutput(,model) 
wo) 

BO 
Bl(,first)(,last) 
B2(,first)&st) 

83 

A3, grid 
A4, buffer 

A% pen 

A6, line 

A7, label 

A&n, Xmin, Xmax 

Prefix on, suffix off, 1 rdg 
Prefix off, suffix off, 1 rdg 
Prefix-on, suffix on, 1 rdg 
Prefix on, suffix off;- n rdgs 
Prefix off, suffix off, n rdgs 
Prefix on, suffix on, in rdgs 
n rdgs = # readings in b&er 
Output: 0 = C, G, V (triple); 1 = 
only; 2 = G only; 3 = V only; 
4 = l/C2; 5 = CIcn; 6 = G-C,; 

C 

7 = ~.,-V,]&&Modek~~ =-’ 
Parallel; 1 = Sties. Co (used with 
C/Co): Oz+,&OE-9~ 
Current Reading 
A/D buffer, first, last limits 
Plot buffer, first; blast limits 
Transfer A/D buffer to plot buffer 
Execute plot~~ 
Execute &id 
Plot: 0 = C vs V; 1 = G vs V; 2 = 
l/C~ vs v; 3 = c/c, vs v; 4 = c vs t; 
5 = [G-C,] vs V; 6 = Iv,,-V,l 
C= CONST 
Grid:O=FuIlgrid;l=Axisonly 
Buffer: 0 = A/D buffer (A); 
1 = Plot buffer (B) 
Pen: 0 = No pen; 1 = Pen #l; 
2 = Pen #2 
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 
Label: 0 = Full labels; 1 = Label axis 
and divisions; 2 = Label axis only 
X axis limits. n=O: Autoscaling 
( nuniuwdmaximum bias). n=l: 
Program xaxis minknum (XCn) and 
maximum (Xmax) values. 

wagmph 

9.6 

9.7 

9.8 

,9.9 

,9.10 

.9.11 

.Y.lZ 
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Table 4-9. Device-Dependent Command Summary (Cont.) 

lode Command Description Paragraph 

lotter (A) (Cont.) A9,n, Ymin, Ymax Y axis limits. n=O: Default values, 0 to 
full scale. n=l: Program Y axis 
mjnimum (Ymin) and msximum 

,ero (Z) 

ilter Q 

tatus (u) 

zo Disable zero 4.9.13 
Zl Enable zero 
PO Filter off 4.9.14 
Pl Filter on 
uo Hardware/software revision 4.9.15 

zi 
Error information 
Buffer A range group 

u3 Buffer A trigger group 

E 
Buffer A zero group 
Buffer A bias gzoup 

E 
Buffer A bias voltage 
Buffer A bias time 

U8 Buffer A position and time 

i% 
Buffer B range group 
Buffer B trigger group 

Ull Buffer B zero gray 
ul2 ~~~ Buffer B bias group 
u13 Buffer B bias voltage 
u14 Buffer B bias time 
u15 Buffer B position and times 
U16 BofferA ll-lmimum/minimum 

capacitance 
u17 Buffer A Iilaimumlminimum 

conductance 
U18 Buffer A maximumkninimum voltage 
u19 Buffer B maximuinknimum 

capacitance 
u20 Buffer B tiaximumlminimum 

conductance 
u21 Buffer B mrvdmumiminimum voltage 
U22 Global parameters (series/parallel, Co 

value) 
U23 Plotter parameters (plot, grid, line, 

etc.) 
U24 IEEE output parameters (0, G, B, Y, 

K) 

E 
IEEE input parameters (L, C, H, K, M.) 
Cable correction parameters 

U27 Translator user name list 

:z 
Not used 
Translator reserved word list 

u30 Translator NEW/OLD state 
u31 Translator user translation list 
U32 Not used 

4-20 



IEEE-488 PROGRAMMING 

Table 4-9. Device-Dependent Command Summary (Cont.) 

%ode 

RQ 0 

me/Recall (L) 

Table Parameters (T) 

;avelRecall Cable CO,n 
letups C Cl,n 

klibration (Q) QO 

Yefminator (Y) 

IO1 and Hold-off K 

)kplay @) 

Command 

isi 
M2 
M4 
M8 
Ml6 
M32 
Ml28 
LO,n 
Ll,n 

IO 

11, nl, n2, ti3, n4 

J.2, nl, n2, n3, n4, 

n5, n6, n7, n8 
J.3, nl, n2, n3, n4 

16, n6, n7, n8 
14 

15, C, G 
6 C G 

QY, V 
YO 
Yl 
Y2 
Y3 
KO 
Kl 
I-a 
K3 

Dam 
DX 

Description 

Disabled 
Reading overflow 
Module input overload 
Sweep done 
Reading done 
Ready 
Error 
IEEE output done 
Recall configuration n (Ocns7) 
Save configuration n (O<nz~6) 
Measure cable parameters (driving 
point) 
Assign cable parameters KO(nl+jn2), 
Kl(n3 + jn4) 
Assign testy OUTPUT cable parameters: 
A(nl+jn2), B(n3+jn4), 
C(n5 + jn6), D(n7+ jn8) 
Assign test lNPUT cable parameters: 
A(nl+jn2), 
B(n3+In4), C(nSijn6) D(n7+jn8) 
Zero cable open 
Measure so&e parameters, step 1 
Measure source parameters, step 2 

Recall cable #n (Osns7) 
Save cable #n (0 5 n 5 6 

Drift correction 
NORMAL MODE 
Offsets 
Fist capacitance cal point 
Second capacitance cal point 
Conduct&ce cal point - 
DRIVING POINT MODE 
OffSets 
First capacitance cal point 
Second capacitance cal point 
Voltage caliiation offsets 
Calibrate voltmeter gain 
<cR><LF> 
<LF><cR> 
<CR> 
<LF> 
EOI and hold-off-enabled 
EOI disabled, hold-off enabled 
EOI enabled, hold-off disabled 
EOI and hold-off disabled 
Display ASCII characters aa (20 max) 
Return displav to normal 

mgraph 

9.16 

9.17 

9.18 

9.19 

,9.20 

.Y.21 

,922 

.9.23 
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Table 4-9. Device-Dependent Command Summary (Cont.) 

Mode 

Hit Button (H) 

L Self Test (J) 

Command 

H12 
H15 
H16 
H20 
H23 
H25 
H26 

E 
H30 
H31 

11 

Description 

MANUAL 
ZERO 

RANGE 
F=Q 
MODEL 
Perform self test 

amgraph 

.9.24 

.9.25 
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Table 4-10. Command Cross Reference in 
Alphabetical Order 

3muuand 
Letter DaS2Iipti0u 

I 
Plotter 
Buffer 
Cable Parameters 
Display 
Frequency 
Data Format 
Hit Button 
Input Cable Parameters 
Self Test 
EOI and Hold-off 

ii 
Save/Recall Configuration 
SRQ 

N Bias Control 
0 Operation and Model 
P Filter 

z 
Calibration 
Range 

S Reading Rate 
T Trigger Mode and Source 

v 
Status 
Bias Voltages 

w Waveform and Ties 
X Execute 
Y Terminator 
Z Zero 

Paragraph 

4.9.12 
4.9.11 
4.9.19 
4.9.23 
4.9.2 
4.9.9 
4.9.24 
4.9.18 
4,9.24 
4.9.22 
4.9.17 
4.9.16 
4.9.8 
4.9.10 
4.9.14 
4.920 
4.9.3 
4.9.4 
4.9.5 
4.9.15 
4.9.6 
4.9.7 
4.9.1 
4.9.21 
4.9.13 
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4.9.1 Execute (X) 

Purpose To execute other device-dependent commands. 

Format <command > X 

Parameters None 

Description The execute command‘is iniplemenfed by sending an ASCII “X’” over the bn& 
pnrpose.is to..direct the Model 590 to wecnte other device-dependent commands. 
Generally, the execute character will be the last byte in the co mmand s&bag 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. 

Programming 1. COIUIWI dsorco nunand strings sent without the X character will not be executed 
Notes at that time, but they will be stored in an internal comman d buffer for later ex- 

ecution once the X character is finally received. 
2. The comman d buffer can hold a total of 128 characters. The insbwnent stores only 

the last 128 characters received. 
3. The X character can also be used to trigger readings or sweeps, as described in 

paragraph 4.9.5. 
4. Commands are not necessarily executed in the order sent (see Table 4-8). In order 

to force a particnlar cornman d sequence, the X character should be mchrded after 
each command in the command string. 

Programming 12 OUTPUT 715i c *RlX’ I ! Execirte single command. 
Examples 20 OUTPUT 715i 6 6 FOR2X’ ’ ! Execute mnltiple command string. 

30 OUTPUT 715; r * FBXRBX’ 5 ! Force command sequence. 
40OUTPUT715; rrG2YiS2 J 9 ! Send string without execute. 
50OUTPUT715; rry:‘r ! Now execute command string at a later time. 
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4.9.2 Frequency (F) 

Purpose 

Format 

Parameters 

Description 

Default 

Programming 
Notes 

To program 1OOkHz or lMH.z test frequency. 

Fn 

FO Select 1OOkHz test frequency. 
Fl Program lMHz test frequency. 
F2 Disconnect test signal from jacks 

The F command 
the appropriate 2% 

erforms the functions of the front panel FRRQ key by selecting 
module, or disconnecting the test and bias voltages from the 

front panel testy jacks. 

Power-up/DCL/SDC Configuration: Determined by save 0 position. Factory default 
is 1OOkHz (two module units). 

1. The appropriate modules must be installed to select the correspondiug frequency. 
If you send a function commau d for a module that is not installed, the instru- 
ment will display an IDDCO 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 2MH.z. See 
paragraphs 3.21 and 4.11 for detailed information on cable correction methods. 

3. The WHr test frequency cannot be programmed with the X10 attentuator enabled. 
The Model 590 will generate an IDDCO error under these conditions. 

4. Programmm g 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 (P2) mode. The u&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. 

Programming 18 OUTPUT 715; r ~FBX~ 5 ! Select 1OOkH.z test frequency. 
Examples 20 rJUTPUT715; rrF1:<gs ! Select lMHz test frequency. 

3M OUTPUT715; ‘LFZX” ! Diconnect test signal from jacks. 
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4.9.3 Range (R) e 

Purpose 

Format 

Parameters 

Description 

Default 

To manually select ranges, control autorangmg, or enable the X10 attenuator, de- 
pending on the range parameter. 

Rn 

100kHz IMHZ 
RO 

ii 
R3 
R4 
R5 

E 
R8 
R9 

Autorange on Autorange on 
2 F/&S 
2 pF/ZOfi ?3 

2OpF12OOpS 
2OuF1200uS 

200pF12COfiS 20bpF/2k 
2nF12ms 2nF/20mS 
2OpF12OpS X10 On 
200oFi2OOpS X10 On 

Error 
Error 

2nhmS %lO On Error 
201iW2ChnS X10 On Error 
Autorange off, stay on ranges ~~~~~~ ~~~~ Autorange off, stay on range 

The range Q comma d and its parameters give you control 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. 

PrOglWTllllillg 1. For best~accuracy and resolution, use the most sensitive range possible without 
Notes 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 me- either capacitance and conductance on a less than optimum 
range. 

4. The Model 5904 Input Adapter mustbe connected to the instrument in order to 
properly use a X10 range. A X10 range is available only when measuring at lOOkHz, 
and only the 2OnF/2OmS range accuracy is specified. 

5. $$xt@@.g should not be used when programming rapidly-changing bias 

6. An IDDCO error will occur if you attempt to enable the X10 attenuator with a 
test frequency of lMH.z selected. 

7. Progr amming the range wiJl abort a sy+p~ and clear the A/D buffer. 
8. Autorangin cannot be used at~the 75 and 1,000 per second reading rates. F’ro- 

gramming t&s combination will end in an IDDCOerror. 

Programming 10 OUTPUT 71 5; L I R0X’ ? ! Enable autoranging. 
Examples 20 OUTPUT 715; G ‘RSX I ! Disable~autoranging. 

30 OIJTPIJT 715.: L L RI><’ Y ! Select 2pF range. 
40 OUTPUT 715; r I R4’X’ ’ ! Select 2nF range. 
50 OUTPUT 715; ( L H8XY g ! Select 2OnF range, with X10 attenuator. 
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4.9.4 Reading Rate (S) 

Purpose 

Format 

Parameters 

To select the reading rate, display resolution, and digital filtering. 

Sn 

NOIlliMl Integration Integrations Actual Reading 
RdglSec Digits Period Averaged Readings Interval (msec) 

so 1000 3’/2 l2Opsec 
: 

CdY 1.024 

z; 75 
3% 24Opsec CGV 13.31 

18 
s3 10 iFi 

980ysec 1 CGV 55.5 
2.4msec 

s4 1 4% 16.7msec i 
CG,V 102.3 
C‘GV 1.024 

The reading rate command and its options perform the same functioi~ as the front 
panel RATE key and allow selection of the desired rate, display resolution, and the 
amount of digital,fltering. The rate conman d 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. 

Description 

Default Power-up/DCL/SDC COnfiguration: Determined by the save 0 position. Factory 
default is 10 readings per second (S3). 

Proarammina LData willbe made~available ~c&! after~a ~sweep~is~compkzted~ ~an~~~a~g%~~e _ .__. - a 
Notes 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. 

2. Only capacitance readings are taken at the 1000 reading per second rate. 
3. For minimum reading noise, select the slowest reading rate possible. 
4. The 18 reading per second rate is cot available from the front panel. 
5. The time interval between readings in a sweep is determined both by the reading 

rate and the programmed step time. 
6. Progr amming the reading rate~will abort the sweep and clear the A/D buffer. 
7. Autoranging cannot be used at the 75’ and 1,OOOisec rates. 

Programming io OUTPUT 715; r 6 SEW 5 5 ! Select lCOO/second rate. 

Examples 20 OIJTF’UT 715; L r SlX” 3 ! Select 75isecond rate. 
30 OUTPUT 715j r L SZX’ y ! Program 18lsecond rate. 
40 OUTPUT i15j 6 6 S3X 9 ’ ! Program lo/second rate. 
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4.9.5 Trigger (T) 

Purpose 

Format 

Parameters 

Default 

Programming 
Notes 

Programming 
Examples 

To select the trigger source and mode.~ 

Tsource,mode 

TO,0 One-shot on talk 
TO,1 Sweep on talk 
Tl,O One-shot on GET 
T1,l Sweep on GET 
T2,O One-shot on X 
T&l Sweep on X 
T3,O One-shot on external trigger pulse 
T3,l Sweep on external trigger pulse 
T4,O One-shot on front panel (MANUAL) trigger 
T4,l Sweep on front panel (MANUAL) trigger 

The trigger mode comman ds 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 stimuhrs). Trigger sources include lERR-438 com- 
mand triggers (X, GET, or talk commtids), as well as an appropriate trigger pulse 
x;qnf to the rear panel TRIGGER LNKJT jack, Andy the fronts panel MANUAL 

Power-up/DCL/SDC Configurs.tion: Determined by save 0 position. Factory default 
is sweep on front panel (T4,l). 

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-triggering the unit while it is processing a reading sweep will create a trigger 
overrun situation, but the present sweep will not be aborted. The instrument will 
display the following message under a trigger overrun condition: 

TRIG-OVERRUh’ 

The ovarun condition ti not occur if the unit is triggered during the stop @me. 
3. The X character sent when programmin g a trigger on X mode will trigger the 

instrument. 
4. In order to trigger the instrument when using the trigger on talk mode, you must 

send the talk command derived from the correctprimary address. The factory 
default primary address is 15. 

5. Re-progr amming 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 trigger after a sweep, re-program the 
trigger mode in order to halt the A/D converter. 

16 OUTPUT715; LITB~OXs’ ! Program one-shot on talk mode. 
20 SEND 7; TQLK 15~ ! Trigger one reading. 
3@ OUTPUT715i rrTiriX” ! Program sweep on GET mode. 
49 TRIGGER 715 ! Trigger reading sweep. 
50 UUTPUT715; “TZrOX” ! Program and trigger reading on X. 

4-28 



IEEE-488 PROGRAMMING 

4.9.6 Bias Voltage Parameters (V) 

Purpose 

Format 

Parameters 

To program the first, Last, step, and default voltage values and count parameter 
associated with the bias waveform. 

V(first)(,last)(,step)(,clefault)(,count) 

first= Pirst bias voltage (-20.000 to +ZO.OOOV) 
last= Last bias voltage (-20.000 to +20.00WJ 
step= Bias step voltage (-20.000 to +2O.OOOV) 
default = Default bias voltage (-20.000 to +ZO.OOOVJ 
count= Number of readings per sweep for DC~ and external waveforms. 

Description 

Default 

Programming 
Notes 

1 rs count 5 4.50 (1,350 at 1,COOisec rate). 

The V command and its options program the first and last bias voltages, and the 
step and default bias voltage values. Thus, this co mmand performs many of the 
same functions as the tiont 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: 

I.2 l.zEl J2E.z 

The final (count) parameter allows you to program the number of readings per sweep 
for the DC and external bias waveforms only. The-allowable range for this psrsmeter 
is 1 to 450 (1,350 ate l,OOO/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: OV 
count = 450 

1. Complete definitions for the bias waveform types as well as the various parameters 
may be found in paragraph 3.14. 

2. Note that all parameters are NOT used with every waveform type. Table 411 sum- 
marizes parameters associated with each waveform. 

3. The resolution of all voltage parameters is 5mV. 
4. Progr amming bii voltage parameters will abort a sweep and clear the A/D buffer. 
5. Progr amming invalid parameters will result in an IDDCO error. 
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Table 4-11. Bias Voltage Parameter Summary 

single Dual 
Description J&&** Resolution* DC Staircase Staircase Pulse External 

start time 
Stop time 
step time 
First biis voltage 
Last bias voltage 
Step voltage 
Default bias 
voltage 
count 

X X 

:: 

lmsec to 65sec 
hsec to 65sec lmsec 
lmsec to 65sec lmsec ; 
-20vto +2ov 5mv 
-2ovto +2ov 5mv :: 
-2ovto +2ov 5mv X 
-20vto +2ov 5mv X X 

1 to 450 (1,350 al X X 
1,OOOisec rate) - 

*Voltage parameters can be programmed in 1mV steps, but will be set to 5mV steps. 
**Multiply programmed times by 1.024 to obtain actual *es. 

NOTE: X indicates parameter applies to a particular waveform. 

Programming 18 OUTPUTTER; r ‘~-5~%@.2~3~” ! Program -5Vfirst bias, 5Vlast bias, 
Examples 0.2 step bias, 3V default bias. 

20 OUTFUT715; LdV-lr2rM.irlX" ! - 1V first voltage, 2V last voltage, O.lV 
step voltage, 1V default voltage. 
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4.9.7 Waveform Type and Time (W) 

Purpose 

Format 

Parameters 

To ptogram the bias waveform type, start, stop and step times. 

W(waveform)(,start)(,stop)(,step) 

Waveform: 

Description 

O=DC 3 = Pulse 
1= Single staircase 4 =~Fxtemal bias source (2OOV range) 
2 = Dual staircase 5 = External bias source (2OV rage) 

start= Start time (0.001 to 65.000sec) 
stop= Stop time (0.001 to 65.000sec) 
step= Step time (0.001 to 65.OOOsec) 

Power-up/DCLISDC Configuration: Determined by the save 0 position. Factory 
default values are: 

Waveform type: -DC 
StaG time: lmsec. 
Stop time: lmsec. 
Step time: lmsec 

The w co mmand and its 
5 aspects of the programme 

arameters program the waveform type as weIl as three 
bm wavefomx 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 paqel BIAS PARAMETER key. 

Programming 1. Note that all parameters are not necessary with every bias waveformtype. Table 
Notes 4-11 sumimizes required time parameters for various waveforms. 

2. Bias waveforms are defined in detail in paragraph 3.14. 
3. An actual Waveform ~i&i is 1.024msec because of the way the unit generates ita 

time base Thus, the actual time units you prograqshould be multiplied by 1.024. 
For example, if you program a 3sec time period, the actual time will be 3.072s~. 

4. Progr amming a WaVeform parameter will abort an active sweep and clear the A/D 
buffer. 

5. Programniing an inv$d @rTeter w res& iq an IDDCO error. 

6. Up fo K!OOV may be applied when W4 external bias is selected (i2OV is W5 exter- 
nal bias mode.) 

7. The minimum stop time with the pulse waveform is 5Omsec (10lsec rate). 

Programming 10 ouTPuT 715; ‘6 111, ic~-3~50E-3~2~’ 
Examples 

! Program single staircase, 
10msec start time, 50msec stop 
time, 2sec step time. 

! Program dual staircase, 2.5~~ 
start time, 25msec stop time, 
lsec step time. 

3M OUTFlJTi15; r‘W4r8.lrlW~E-3,5XI~ ! Program 200V external bias, 
O.lSec start time, 1OOmsec 
stop time, 5sec stop time. 
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4.9.8 Bias Source Control (N) 

Purpose 

Format 

Parameters 

Default 

Description 

Programming 
Notes 

To turn the bias source on or off. 

Nn 

NO Bias source off 
Nl Bias source on 

Power-up/DCL/SDC Configuration: Determined by the save 0 position. The default 
configuration is NO @ias %%rce off). 

The N command performs the functions of the front panel BJAS 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. Jntemal 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 ZOOV 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 QriIl abort a sweep and clear the AID buffer (buffer 
A) oft any data. 

19 MTFUT 715.: I r NlX’ ’ ! Tu~bias source on. 
28 OUTPUT 7 15 i 1 * NW y ’ ! Turn bias sooxe off. 
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4.9.9 Data Format (G) 

Purpose To control data string prefixes and suffixes,.and program the number of readings 
transmitted per data request. 

Format 

Parameters 

Gn 

GO Prefjx on, suffix off, one reading 
Gl Prefix off, suffix off~~otie reading 
G2 Prefix on, &fix on, one reading 
G3 Prefix on, suffix off, multiple readings 
G4 Prefix off, suffix off, multiple readings 
G5, Prefix on, suffix on tiultiple readings 

Default 

Description 

Power:up/DCL/SDC Configuration: The factory default is GO (prefix on, suffix off, 
one reading). 

Depending on the programmed format, the ASCII data string the instrument sends 
will include a prefix (type of data), the reading itself in floating point format, as 
well as a suffk 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 82 command. 

Figure 46 shows the generaI data format; and Table 412 lists examples for all six 
data formats. 

Table 4-12. Examples of Data Formats 

;I 
NCPK +1.9OOOE-ti, ._., NCI’K +~1.875OE-12 
+1.1009pE-01, . . . . +~1.604OE-01 
NCSM +UOlOE-09, BOOOl, ._., NCSM +1.5OOOE-09, BOO09 
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0. G2. G3. G51 SUFFIX (GZ, 4 

r-4 

MANTISSA EXPONENT 

r-lA 
NCSK zkl.2345 

N = NORMAL 
E&00, BOO01 <TERM> 

Z=ZEROEO 
K = IDDkHz FREQUENCY 
M = 1 MHz FREQUENCY 
D=DISCONNECT TERMINATOR 

<CR> <LF> 
T=TRIPLE C, G,V 
C=CAPACITANCE S =SERIES MODELS 

GE CONDUCTANCE P = PARALLEL MODEL 

V=VOLTAGE 
Z=l/C~ 

NOTES: 

R = c/c, 
1. MORE THAN ONE READING MAY BE TRANSMITTED 

D = Ccc. 
IN G3-G7 DEPENDING ON B MODE. READINGS ARE 
SEPARATED BY COMMAS. 

N = IV.,-V.1 C CONST 2. TRIPLE DATA FORMAT HAS C, G, AND V DATA 
(IN THAT ORDER1 WITH ONLY ONE PREFIX 
WHERE APPLICABLE. 

3. EOI IS ASSERTED WITH LAST TERMINATOR 
CHARACTER IF EOI IS ENABLED. 

4. S’s APPEAR IN DATA FIELD IF READING 
IS INVALID. 

Figure 4-6. General Data Format 

Obtaining Data 

Before the instrument will transmit 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~falk by placing the appropriate talk cornman d byte~~ 

on the data lines. 
3. The controller places the ATN line false. 
4. The controller then begins its input sequence and inputs data bytes in succes- 

sion until all are taken. Typically, the input sequence will cease when the CR 
LF terminator is detected. Some controllers, however, may terminate on EOI. 

Generally, data is placed into a string or numeric variable. For example, a typical 
input sequence for the HP-85 computer is: 

EHTER 715; AZ 

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 Gl to eliminate 
the prefix and suffix, and readings Can be placed directly into a numeric variable 
as in the example below: 

EHTER 715; k 
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Overflow and Invalid Reading Indications 

lf a particular reading or portion of a reading is overflowed, the data field for that~ 
reading will contain all Ys, as in the example below: 

+Y.YYYYE+29 

Siiarly, if a buffer location contains no valid data, the following will be displayed 
in each data field: 

Programming 1. EOI will be asserted (if enabled) after each reading in GO-G2, but will be asserted 
Notes only at the end of the entire buffer transmission in G3-G5. 

2. Buffer access must be enabled with the B comman d 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 tmnsmitt!d after each reading 
in GO-G2, but only at the end of the transmission in G3-G5. 

5. when using the 75 and lOoO/sec reading rates, no data will be transmitted over 
the bus until a wee 
The instrument WJ 

and the subsequent internal processing has been completed. 
hold off the bus under these conditions. 

programming 18 OCITPIJT 715; G * GMX’ ’ ! Program prefix on, suffix off, one reading. 
Examples 20~ ENTER 715; 139 ! Get a reading from the 590. 

3ci DISP A3 ! Display the reading. 
48 WTFUT 715; 6 i GlX’ ’ ! Program prefix off, suffix off, otie reading. 
50 ENTER7151 A$ ! Get a reading from the 590. 
60 DISF k$ ~~ ! Display the reading. 
76 EHD ! End program. 
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4.9.10 Operation and Model (0) 

Purpose To select the type of capacitance, conductance, and voltage readings or mathematical 
fundions in the data string, parallel or series model, and to program the Co value 
used with the c/Co math function. 

Format Ooutput(,model)(,Co) 

Parameters output: 

0= Capacitance, conductance, vol@ge 
l= Capacitance only 
2= Conductance only 
3= Voltage only 
4= l/C 
5= c/co 
6=6-C, 
7= ly, - V,] c=const 

Model 

0= parallel model 
1= series model 

Co = cap@tance constant (0 < Co < ZOE-9) 

Description The first parameter (output) in the 0 co mmand 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 beingtransmitted over the IEEE-488 bus. 
General data formats for these comman ds are shown in Figure 4-7. 

The second parameter (model) controls selection of series or parallel 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 0 command (C&) allows you to program the constant 
C, that is used with the C/Co mathematical fontion. 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/Co 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 05 comman d until a C, value is programmed. 
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BIAS 
PREFIX CAPACITANCE CONDUCTANCE VOLTAGE 

+-lkl----l- 
NTPK +~1.4567E-09, l.SOOOE-03, ,.OOOOE+O, <TERM> 

INDICATES A 
TRIPLE (C, G, “I 

A. TFlIPLE(00) DATA FORMAT 

PREFIX READING 

elk. 
NCSM +l.SOOOE-09 <TERM> 

C = CAPACITANCE 
G =CONDUCTANCE 
V=VOLTAGE 
2=1/C’ 
R = c/c, NOTE: SEE FIGURE 4-6 FOR ADDITIONAL 

DATA FORMAT INFORMATION. 

6. ISINGLE (01-051 DATA FORMAT 

CAPACITANCE VOLTAGE 

A- 
NDSM + 1.7350E-12, +OO.OOlE+OO <TERM> 

D=C.,-Cd 

c. 06 c-C.1 FORMAT 

VOLTAGE CAPACITANCE 

+r-h 
NNSM +6.4946E+OO. +02874E-09 <TERM> 

N=[V,-V.IC=CONSTA 

D. 07 ([‘I, -V,lC =CONSTt FORMAT 

Figure 4-7. 0 Command Data Formats 

Default Power-up/DUISDC Configuration: The factory default is OO,O,O (C,G, and V data, 
parallel model, G=O). 

Programming 1. The G COINMII d 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 tit is in oneshot, and parallel data has been acquired, it is not possi- 

ble to convert data to series model by using the 0 command. 

PrOgraIIIIIIing in OUTPIJT 715; s ( UBr Or 1 SE-12X5 J ! Program C, G, V data, parallel 
Examples model, 1.9pF Co value. 

20 UlUTPUT715; ~~C!irlr2.4E-9X’3 ! Frogram C cmly data, series model, 
2.4nI C, value. 

3B OlJTPUT715j *6115X” ! Program UC, function only. 
40 OUTPUT715; ~r!X~OXsF ! Progmm V only, parallel model. 
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4.9.11 Buffer Control (B) 

Purpose 

Format 

Parameters 

Default 

Description 

To select the current reading, AID buffer, or plotter buffer as IEEE-488 output, and 
to transfer the contents of buffer A to buffer B. 

Bn(,first)(,last) 

BO 
Bl,first,last 

BZ,first,last 

Current reading 
A/D buffer (buffer A), starting at location first (1 _c first _C 450) 
ending at location last (1 5 last 5 450) 
Plotter buffer (buffer B), startkg at location first (1 5 first c 450), 
ending at location last (1 5 last 5 450) 

83 Transfer contents of~A/D buffer to plotter buffer (A - 8) 

Power-up/DCL/SDC Configuration: Factory default is BO (current reading). 

The B command controls the source.of the data sent over the bus. With BO, the data 
source is the cument reading, which is contained in the last reading register. For 
Bl and BZ, two optional parameters (first and last) can be included to spedfy the 
first and last buffer locaticm to be accessed from the A/D and plotter buffers respec- 
tively. Finally, B3 allows you to transfer the contents of~the AID buffer (buffer A) 
to the plotter buffer (buffer B) in a manner similar to the A - B button on the front 
panel of the instrument. 

PrOgraiIIITIing 1. The A/D buffer will be em 
P 

ty until at least one reading sweep is triggered. AlI 9s 
Notes will fill in invalid data fie ds. 

2. The plotter buffer contains no relevant data unless deliberately placed there by 
the B3 command. Again, sIl9s will fill in&e data fields. 

3. If first and last are not specified, buffer access will begin and eml with&cations 
” *anti 450 respX&iv*. 
4. The maximum buffer value is 1,350 at 1,OOOlsec rate. 

Programming 18 wTwT 715; * 6 &x4” 
Examples Z:O OUTPUTi15i ‘LBi,180,Z0MX” 

30 OUTPUT 71.5; * * B2r 463 3%’ I 

4M OUTPUT 715; L 6 E3X’ ) 

! Select cment reading. 
! Select readings 100 through 200 of 

A/D buffer. 
! Selects readings 46 through 99 of 

plotter buffer. 
! Transfer contents of AID buffer to 

plotter buffer. 
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4.9.12 Plotter Control (A) 

Purpose To select plotter parameters, generate a grid, and select the buffer to-be plotted. 

Format An,parameter 

Parameters A0 Execute plot 

Al Execute grid 

A2,plot Select plot type 
o= cvsv 
l= G vs V (I? vs V for series model) 
2= l/C~ vs v 
3= c/c, “S v 
4= C vs t (Buffer index) 
5= 6-C, vs v 
6= pa-Vs]C=CONST 

A3,grid Select grid type 
0= Full grid 
l=~Axis only 

A4,buffer Select buffer to plot 
0= AID buffer (buffer A) 
l= Plot buffer (buffer B) 

A5,pen Select pen 
0= No pen 
1= Pen #l 
2= Pen #2 

A&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, shoti~-dash 
7= solid line 

A7,label Select label type 

0= Full labels 
l= Label axis and divisions (no title block) 
2= Label axis only 
3= No labels 

A8,n,Xmin,Xmax X axis limits 
n=O: Autoscaling: Mknimmn and maximum buffer values 
n=l: Program X axis minimum (Xmin) and maximum (Xmax) values. 
-lE29 5 Xmin c lE29; -1E29 5 Xmax 5 lE29. 

4-39 



A9,n,Ymin,Ymax Y axis Emits 
n=O: Autoscaling: 0 to full scale 
n=l: Programmed Y axis minimum (Ymin) and maximum (ymax) values. 
-lE29 c Ymin 5 lE29; -lE29 c Ymax < lE29 

Default The factory default values are indicated in Table 4-13. 

Table 4-13. Plotter Defaults 

Equivalent 
Plotter Parameters Command Description 

I I 
Plot type -4% 0 
Grid type A3, 0 
Buffer A4, 0 
Pen type A5, 1 
Line type A6, 7 
Label type Mr 0 
x scaling AS, 0 
Y scal.ing A9, 0 

c “S v 

EZeYl 
Pen #1 
Solid line 
Full labels 
Auto scaling 
Auto scaling 

Description The first two options of the A command allow you to execute a plot and grid respec- 
tively. The re making options control various aspects of plot and grid generation. 
Note that you must include the appropriate second parameter when using the A2 
through A7 conunan ds, as indicated above. 

When progr amming X and Y axis Emits (A8 and A9), you have two options: select 
autoscaling (n=O), and user-defined the scalJng~ 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 fun&on. For 
example, if plotting C YS V on the 200pF range, the upper limit is 200E - 12. 

Programming 
Notes 

1. E;;c complete information on plotting over the bus may be found in paragraph 

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 A0 (execute grid) or Al (execute ~plot) commands, you must 
then address the Model 590 to talk and the lot& to listen. The Model 590 does 
not address the plotter when performing t it ese 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 autoscalin 
for the C-C, function which has limits o H 

the limits are 0 to full scale except 
c full scale. 

5. Only the C vs t plot type (A2,4) can be used with data taken at the 1CWsec reading 
rate. 

6. The selected model affects plotted data. 
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Programming 16OUTFUT715~; **R2rMX~9 

Examples 2BUUTPUT715i irfi8~1r-10s1MX~’ 
38 OUTPUT715; ( LA9s 1~ iWiE-12s 

150E-12X” 
4~3 OUTPUT715i or GA5r 1x5 ’ 
50 OLlTPlJT715.; 6 GR6,2X’ ’ 
60 OUTPClT715; r GA7r8Xy’ 
7MnUTPUT715; “A3ris” 
EBUUTPClT715j irtllZ8X’g 
98 OUTPUTi15; rrWB<” 

ia30 SEND 7; UMT UNL TALK 
15 LKTEN 5 

118 RESUME 7 
128 STATUS 7r2iS 
138 IF tWT BIT’;37 55 THEN i2M 
14OS=SPULL~715~ 
1.50 OUTPUT 715; L r Al:+’ ’ 
160 SEHU 7; UtdT IJNL TALK 

15 LISTEN 5 
170 RESlJtlE 7 
lW STATUS7r2;S 

Select C vs V ulot me. 
Program +~lOV X a&i limits 
Program 1KlpF to 150pF Y axis 
Y axis limits. 
Select pen #l. 
Select dashes onl 
Program full labe K 

line type. 
type. 

Select full grid type. 
SRO on ~lotta done. 
Exe&e $ot. 
Address 590 to talk, plotter to listen. 

Set ATN false. 
Get bus status. 
Wait for SRQ. 
Serial poll to clear SRQ. 
Execute grid. 
Address 590 to talk, plotter to listen 

Set ATN false. 
Get bus status. 
Wait for SRQ. 
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4.9.13 Zero (Z) 

Purpose To store a reading as a baseline value and then subtract that value from subsequent 
readings. 

Format Zn 

Parameters ZO Disable zero. 
Zl Enable zero. 

Default Power-up/DCL/SDCConfiguration: Determined by save 0 position. Factory default 
is 20 (zero disabled). 

Description The z CO- d 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. 

PrOgraIIIItIing 1. Zero offsets the dynamic range of the reading by the amount; of the baseline. 
Notes 2. The z&o 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 arcs stored. 

Programming 19 OUTPUT 715; i <21x’ 5 ! Enable 2530. 
Examples 20 OIJTFIJT 715; L ‘z@3x9 ’ ! Disable zero. 
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4.9.14 Filter (P) 

Purpose 

Format 

Parameters 

To control the analog filter. 

Pn 

PO Filter off 
Pl Filter on 

Default Power-up/DCL/SDC Coixfiguration: Determined by the save 0 con@ration. The 
factory default is Pl (filt!r on). 

Description ThePco mmmd controls the analog filter in sirmlar 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. 

IEEE-488 PROGRAMMING 

Programming 1. The -3dB point of the filter is approximately 37Hz. 
Notes 2. The analog filter will increase instmment response time and should not general- 

ly be used with rapidly-changing readings. 

Programming 18 OUTPUT 715; r r PlXI ’ ! Enable analog filter. 
Examples 20 OUTPUT 715; r rPBX’ 5 ! Disable analog filter. 

- 

- 

4-43 



4.9.15 Status (U) 

Purpose 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. 

Format Un 

Parameters UO Hardware and software revision level 
Ul Error information 
UZ Buffer A range group 
U3 Buffer A trigger group 
U4 Buffer A zero group 
U5 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 
UlO Buffer B trigger group 
Ull Buffer B zero group 
Ul2 Buffer B bins group 
U13 Buffer B bias voltage group 
U14 Buffer B bias time group 
Ul5 Buffer B position and time 
U16 Buffer A maximum tid minimum capacitance 
U17 Buffer A maximum and minimum conductance 
U18 Buffer A maximum and minimum voltage 
U19 Buffer B maximum and minimum capacitance 
UZO Buffer B maximum and minimum conductsnce 
UZl Buffer B maximum and minimum voltage 
UZZ Global programming pareeters (parallel/series, Co value) 
UZ3 Plotter programming parameters 
U24 IEEE output parameters (0, G, 8, Y, K~ modes) 
UZ5 IEEE input parameters (L, C, K, H, M) 
U26 Cable correction parameters 
U27-U31 Translator status (see paragraph 4.10) 

Description By sending the a popriate U comman 
4 

d and then addressing the insixument to talk 
as you would w 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) 
<EOI> is also asserted if programmed 
<spaces > separate the identifier and data fields. 
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The specific formats fo? the UO throu 
nent mformation is also included, w i 

h U.26 status words are shown in Figures 4-8 throu h 4-34. Perti- 
ere applicable. Table 4-14 summanz es status wori information 

in more concise form. 

Table 4-14. U Command Format Summary 

Command 1 Identifier 1 Mnemonic [#Datum 1 Datum Format 
I I I I I 

uo 

Ul 

UZ ARG AbufRmgeGroup 

u3 

u4 

u5 

U6 

u7 ABT AbufBiasTime 

U8 APT AbufPosTiie 

u9 
UlO 
Ull 
Ul2 

590 

ERR EERor 

ATG AbufliigGroup 

AZG AbufZeroGroup 

ABG AbufBiasGroup 

ABV AbufBiasVolt 

BRG BbufRangeGroup 
BTG BbufTrigGroUp 
BZG 
BBG 

BbufZeroGroup 
BbufBiasGroup 

1 REV Level 

20 TRIGOVERRLN 
NEEDlOOKHz 
NEEDlMHz 
NOT USED 

z%%FD 
TRANSLATOR-ERR 
NO REMOTE ERR 
IDDC 
IDDCO 
INVALID 
NOT USED 
NOT USED- 
OVERLOAD 
NOT USED 
RESERVED 

6 RANGE 
AUTO 

2 

3 

x10 

Z.&ii 
FILTER 
TRIG MODE 
TRIG SOURCE 
OFF/ON 
CONDUCTANCE 
CAPACKANCE 
OFF/ON 

HSS 
H=hardware 
SS = software 

O/l 
011 
011 
0 

ii: 
011 
011 
011 
O/l 

Ofi1 
~~0~ 
011 
0 

0000 
0..3 
011 
011 
0..4 
011 

z: 
0..4 
011 

SU-NOTATION 
SU-NOTATION 

011 
1 WAVEFORM 0..4 

4 FIRST BIAS sdd.ddd 
LAST BIAS sdd.ddd 
STEP BJAS sdd.ddd 
DEFAULT BIAS sdd.ddd 
COUNT dddd 

3 START TIh5E dd.ddd 
STOP TIME dd.ddd 
STEPTlME dd.ddd 

3 CURRENT COUNT dddd 
FILLING/DON-E 011 
ELAPSED TIME bbmm:ss:mmm 

See UZ 
See U3 
See U4 
See U5 
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Table 4-14. U Command Format Summary (Cont.) 

commauc 

u13 
u14 
U15~~~ 
U16 

u17 

U18 

u19 
u20 
u21 
U22 

U23 

U24 

U25 

U26 ~~ 

U27 

U28 
U29 

u30 

u31 
U32 

,dentifia 

BBV 
BBT 
BPT 

ACM 

AGM 

AVM 

BCMG 
BGM 
BVM 
GPF 

PPP 

IOP 

IIr 

CCF 

UNL 

FNL 
RNL 

NEW 
OLD 

UTL 
F-l-L 

Mnemonic 

BbufBiasVolt 
BbufEhsTiie 
BbufposTime 
AbufCapMwimum 

AbufGMaximum 

AbufVoltMaximum 

BbufCapMakwm 
BbufGMaximum 
BbufVoltMaximum 
G1obalProgPs.r 

PlotProgPar 

IeeeInPar 

CableCorrPar 

UserNameLii 

Not used 
ReservNameList 

the AAA field is 
the information 
UserTranslationLiit 
Not used 

MAX FARAD 

MAX SEMENS 
Mm SlEMENS 

I PARALLEL/SERIES 
Co FARADS~ 
PLOT TYPE 
GRID TYPE 
BbuflAbuf 
PEN TYPE 
LINETYPE 
LABEL TYPE 
X SCALE 
Y SCALE 
0 MODE 
G MODE 
BCOMMAND 
FlRST LOCATION 
LAST LOCATION 
CURRENT LOC 
YMODE 
EOI 
RESTORE/SAVE 
CABLE-SETif 
HIT KEY# 
HOLD-OFF 
RESTORE/SAVE 
FRONT-PANEL 
SRQ MASK 
MEASURE/RECEIVE 
CORFGXTION 
COEFFICIENTS 

varies User Defined “Alias” 
Names 

7 LIST; ALIAS FORGET 
NEW OLD 

0 
KEITHLEY TRANS- 
LATOR STATE 
Send user definitions 

Format 

XI-NOTATION 
;CI-NOTATION 
;CI-NOTATION 
XI-NOTATION 
XI-NOTATION 
XX-NOTATION 

011 
XI-NOTATION 

0..7 
O/l 
011 
0..2 
0..7 
0..3 
011 
011 
0..7 
0..5 
0..3 

dddd 
dddd 
dddd 
0..3 
011 
011 
0..7 

0 to 31 
011 
O/l 
0..7 

0 to 255 
011 

XI-NOTATION 
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~o~~~llllllillg 1. The ins-entwill tmmnit $.e appropriate status word only once each time the 
correspondmg U command IS trans~tted. 

2. In order to ensure that comect status is indicated, the status word should be re- 
quested immediately after the command is tr~smitted. 

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. EOI Gill be transmitted 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 pointy 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 lOOkHz, and NEED MHz bits in the Ul word 
will only be set when those error conditions aT‘e caused by front panel program- 
ming. Similar bus~progrdg errors will generate an IDDCO error (except for 
the I commands, which will generate a CONFLICT error). 

9. An overload condition will not be indicated in those status words containing 
nmneric data. For example, TJ16JJ21, which contain information on maximum 
and minimum buffer data. 

Programming 10 DIM k3 clw ! Dimension input string. 
Examples 2M OUTPUT 715; g r IJOX ’ ! Program for revision status. 

38 EHTEA715; AB ! Obtain revision status. 
40 DISPkB ! Display revision status. 
50 OlJTPClT 715; i rlJIX’ ’ ! Propm for en‘or status. 
69 EHTEF: 715; 13s ! Obtain error status. 
7B DI.EPA$ ! Display error status. 
SW OUTPUT 715; i 6 lU4X’ ’ 
9M EHTEE 715; RO 

! Program for zero parameters. 
! Obtain zero parameters. 

1WM DISP A$ ! Display zero parameters. 
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HARDWARE SOFTWARE 
REVISION, &REVISION 

590 REV D 4.0 -<KRM + EOI> 

+ 
MODEL 

NUMBER 

Figure 4-8. UO Status Word Format (Hardware/Software Revision) 

1 =MODULE OVERLOAD 

ERROR 

1 =NO REMOTER 

1 =TRANSLATOR ERROR 

Figure 4-9. Ul Error Status Word F&mat 

IDENTIFIER 

+I 
ARG 0 0 D 0 D 0 <TERM+EOI> 

AUTORANGE 

Xl0 ATTENUATOR 
D=OFF 
l=ON?-- 

FREQUENCY 

Z=DISCONNECT 

READING. RATE 
0 = 1 OOOBEC 
1 = 75lSEC 
2 = III/SEC 
3= lD/SEC 
4= l/SEC 

Figure 4-10. U2 Status Word Format (Buffer A Range Group) 
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,.. 

‘ATi 0 
TRIGGER MODE 
O=ONESHOT 
1 =SWEEP 

0 <TERM+EOl> 
TRIGGER SOURCE 

3=EXTERNAL 
4=FRONT PANEL 

Figure 4-11. U3 Status Word (Buffer A Trigger Group) 

Z&O 
GROUP 

CONDUCTANCE CAPACITANCE 

AZG 0 ~O.DODDE+OO O.OODDE+OO <TERM+EOI> 

Figure 4-12. U4 Status Word Format (Buffer A Zero Group) 

A BIAS 
GROUP 

IDENTIFIER 

e-i 
A8G 0 0 <TERMiEOl> 

WAVEFORM TYPE 

4 

O=DC 
1 =SINGLE STAIRCASE 
2 = DUAL STAIRCASE 
3=PULSE 
4=EXTERNAL BIAS 

Figure 4-13. U5 Status Word Format (Buffer A Bias Group) 

A BIAS 
VOLTAGE 
IDENTIFIER 

+oo.ooo +oo.ooo + 00.000 +oo.ooo 0450 

FldsT k$ = DEF;\ULT CyNT 
BIAS BIAS BIAS BIAS 

IVOLTS) (VOLTS) IVOLTSl iVOLTS 
PARAMETER 

Figure 4-14. US Status Word Format (Buffer A Bias Voltages) 
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ATEiF 
IDENTIFIER 

oaooo 00.000 00.000 <TERM + E0,> 

xxs;,, 
TlME TIME TIME 
ISECt (SEC) ISECt 

Figure 4-15. U7 Status Word Format (Buffer A Bias Times) 

A POSITION 
AND TIME 
IDENTIFIER 

ELAPSED TIME 
TO FILL BUFFER 

IAVAILABLE AFTER 
SWEEP DONE) 

‘APi 0 0000 bo:Oo:OO:OOd <TERM+EOI> 

‘r’ Y ‘r’ ~M~LL~SECONDS 
’ COUNT 
I# READlNdS 

IN BUFFER) 

Figure 4-16. U6 Status Word Format (Buffer A Position and Time) 

‘BRd 0 0 0 
RANGE 
O=ZpF 
,=ZOpF 
2=2OOpF 
3=2nF 

AUTORANGE 
O= DISABLED 
1 =ENABLED 

X10 ATTENUATOR 
o=oFF 
l=ON 

00 <TERM+EOI> 
FILTER 

14 

O=OFF 
1 =ON 

4 FREQUENCY 
0 = 1 OOkHz 
l=lMHz 
2 =DISCONNECT 

READING RATE 

-4 

‘O=lOOO/SEC 
1= 7SlSEC 

_2_=_1BlSEC 
3 = 1 OiSEC 

L 4-l/SEC 

Figure 4-17. U9 Status Word Format (Buffer B Range Group) 

4-50 



IEEE-488 PROGRAMMING 

B TRlGG@l 
GROUP 

IDENTIFIER 

A 
BTG 0 0 <TERM+EOI> 

TRIGGER MODE, 

IJ 

TRIGGER SOURCE 
O=ONESHOT O=TALK 
1 =SWEEP 1 =GET 

2-x 
3 = EXTERNAL 
4 = FRONT PANEL 

Figure 4-16. UlO Status Word (Buffer B Trigger Group) 

B ZERO 

ID%%R CONDUCTANCE CAPACITANCE 

l-5 r-J---l* 
BZG 0 O.OOOOE+OO O.OOOOE+OO <TERM+EOI> 

Figure 4-19. Ull Status Word Format (Buffer B Zero Group) 

B BIAS 
GROUP 

IDENTIFIER 

+I 
BBG 00 <TERM+EOI> 

WAVEFORM TYPE 
O=DC 
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 

r-5 
BBV +OO.OOO + 00.000 + 00.000 +oo.ooo 0450 

BIAS BIAS 
DEFAULT COUNT 

BIAS 
fVOLTSt IVOLTSt IVOLTSt 

$& PARAMETER 

Figure 4-21. U13 Status Word Format (Buffer B Bias Voltages) 
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B BIAS 
TIME 

IDENTIFIER 

00.000 W.000 00.000 <TERM + EOI > 

kvzvd 
TIME TIME TIME 
ISECI ISECt ISECt 

Figure 4-22. U14 Status Word Format (Buffer B Bias Times) 

%%k ELAPSED TIME 

IDENTIFIER TO FILL BUFFER 

I4 
1 

I 1 

Figure 4-23. U15 Status Word Format (Buffer B Position and Time) 

A CAPACITANCE 
MAXIMUM/MINIMUM 

IDENTIFIER 

9-l 
ACM O.OOOOE+OO O.OOOOE+OO <TERM+EOI> 

MAX;MUMx 
CAPACITANCE CAPACITANCE 

IFARAbS] (FARADS) 

Figure 4-24. U16 Status Word Format (Buffer A Maximum and Minimum Capacitance) 

A CONDUCTANCE 
MAXIMUM/MINIMUM 

IDENTIFIER 

I+ 
AGM O.OOOOE + 00 O.ODOOE + 00 <TERM + EDI > 

?iiziGYz 
CONDUCTANCE CONDUCTANCE 

(SIEMENSt ISIEMENSt 

Figure 4-25. U17 Status Word Format (Buffer A Maximum and Minimum Conductance) 
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A VOLTAGE 
MAXIMUM 
IDENTIFIER 

i-5 
AVM O.OOOOE+OO O.OOOOE+OO <TERM+EOl> 

?ii&itMlNllhrlUM 

I 

Figure 4-26. U16 Status Word Format (Buffer A Maximum and Minimum Voltage) 

B CAPACITANCE 
MAXIMUM/MINIMUM 

IDENTIFIER 

h 
BCM O.OOOOE +00 O.OOOOE+OO <TERM+EOl> 

?iisGYz 
CAPCITANCE CAPACITANCE 

(FARADSI (FARADS1 

Figure 4-27. U19 Status Word Format (Buffer B Maximum and Minimum Capacitance) 

BCONDUCTANCE 
MAXIMUMIMitiIMUM 

IdENTlFlER 

+-I 
BGM O.OOOOE+OO O.OOOOE+OO <TERM+EOI> 

MAX$UMMIN;MUM 
CONDUCTANCE CONDUCTANCE 

ISIEMENSI ISIEMENSI 

Figure 4-26. U20 Status Word Format (Buffer B Maximum and Minimum Conductance) 

i+ 
BVM O.OOOOE+OO O.OOOOE+OO <TERM+EOI> 

-- 

MAXiMUM MINiMUM 
VOLTAGE VOLTAGE 

(VOLTS) (VOLTS1 

Figure 4-29. U21 Status Word Format (Suffer B Maximum and Minimum Voltage) 
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GLOBAL 
PROGRAMMING 

PARAMETER 
IDENTIFIER 

h 
GPP 0 O.OOOOE+OO <TERM+EOI> 

Figure 4-30. U22 Status Word Format (Global Programming Parameters) 

X-SCALING 

PLOTTER 1 = USER PROGRAMMED 
PROGRAMMING 

PARAMETER Y SCALING 

IDENTIFIER 

A 
USER PROGRAMMED 

PPP 000000 06 <TERM+EOI> 
PLOT TYPE LABEL TYPE 
o=cvs v O=FULL LABELS 
l=GvsV 
2=1/c*vsv 

1 =AXIS AND DIVISIONS 
Z=AXIS ONLY 

3=C& “S v 3=NO LABELS 
4-cvsr 
5=c..-c,vsv LINE TYPE 

O=DOT AT POINTS 
I= SPACED DOTS 

GRID TYPE 2 = DASHES 
3=LONG DASH 

1 =AXIS ONLY 4=DASH DOT 

BUFFER TO PLOT B=LONG DASH, SHORT DASH 

O=BUFFER B 6 = LONG. SHORT, LONG DASH 

I= BUFFER A 7=SOLID LINE 

PEN TYPE 
O=NO PEN 
1 =PEN #I 
2=PEN #2 

Figure 4-31. U23 Status Word Format (Plotter Programming Parameters) 

a 
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‘IO< 
OPERATION (Ot 
O=C.GV 
l=C 1 
2=G I 
3=v 
4=1/c= 
5=c/c, 
6=C,-C. 
7-w,-v.t c I------ 

DATA FORMAT (Gt 
O=PREFIX ON, SUFFIX OFF, 1RDG 
1 =PREFIX OFF, SUFFIX OFF, 1 RDG 
Z=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 

BUFFER (Bt 
O=CURRENT RDG 1 
1 =A/D 
Z=PLOT 

IEEE OUTPUT FIRST LAST CURRENT 

PARAMETER BUFFER BUFFER BUFFER 
IDENTlFlER LOCATION LOCATfON LOCATlON 

G-l 

TERMINATOR (Y) 
O=<CR><LF> 
l=<LF><CR> 

J 

,Figure 4-32. U24 Status Word Format (IEEE Output Parameters) 
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