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LIMITATION OF WARRANTY
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SOFTWARE EVEN IF KEITHLEY INSTRUMENTS, INC., HAS BEEN ADVISED IN ADVANCE OF THE POSSIBILITY OF
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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 the operating information
carefully before using the product.

The types of product users are:

Responsible body is the individual or group responsible for the use
and maintenance of equipment, and for ensuring 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, for example, setting the line voltage or replac-
ing consumable materials. Maintenance procedures are described in
the manual. The procedures explicitly state if the operator may per-
form 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.

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.

Users of this product must be protected from electric shock at all
times. The responsible body must ensure that users are prevented
access and/or insulated from every connection point. In some cases,
connections must be exposed to potential human contact. Product
users 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.

As described in the International Electrotechnical Commission
(IEC) Standard IEC 664, digital multimeter measuring circuits
(e.g., Keithley Models 175A, 199, 2000, 2001, 2002, and 2010)
measuring circuits are Installation Category II. All other instru-
ments’ signal terminals are Installation Category I and must not be
connected to mains.

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.

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
common side of the circuit under test or power line (earth) ground.
Always make measurements with dry hands while standing on a
dry, insulated surface capable of withstanding the voltage being
measured.



Do not exceed the 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 shicld 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.

Ifa @ screw is present, connect it to safety earth ground using the
wire recommended in the user documentation.

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

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

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

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

Instrumentation and accessories shall not be connected to humans.

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

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

To clean the 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.
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MODEL 642

SECTION 1.
1-1. INTRODUCTION.
1-2. The Model 642 is a direct reading MOSFET based

Electrometer useful for sensitive measurement of
voltage, current and charge. Voltage reading capa-
bilities are 10 microvolts to 10 volts with 10!
ohms input resistance, typically shunted by less
than_2 picofarad;. Its current measurement range is
10717 to 107 amperes with only a few
hundred microvolts input go]tage burden. gharge can
be measured from 4 x 10-1® coulomb to 1010 coulomb.
Ranges and accuracies are listed in the Table of
Specifications on Page 1-2. Some of The instrument
features include:

a. 19,999 count resolution with a 4-1/2 digit LED
display.

b. Two analog outputs which are provided on main-
frame rear panel (1 volt per 10,000 counts and 1
volt per 100 counts of the digital display).

c. Mainframe front panel pushbuttons which permit
selection of function and range, power off/on,
variable or minimum damping and zero check.

d. A front panel zero knob used to compensate for
input and amplifier offsets.

e. A range of available accessories that have
been designed to permit full use of the Model 642
capabilities and to adapt it for rack mounting,
operation on battery power and use with an isolated
Digital BCD Interface or IELEE-488 Qutput.

1-3. WARRANTY INFORMATION.

1-4. The warranty is given on the inside front
cover of this dinstruction manual. If there is a
need to exercise the warranty, contact the Keithley
representative in your area to determine the proper
action to be taken. Keithley maintains service
facilities in the United Kingdom and West Germany,

GENERAL INFORMATION

GENERAL INFORMATION

as well as in the United States.

Check the inside

front cover of the instruction manual for addresses.

1-5.
1-6.

CHANGE NOTICES.

Improvements or changes to the

instrument

which occur after printing of the instruction manual
will be explained on a change notice sheet attached
to the inside back cover.

1-7. Safety Symbols.
1-8. Safety symbols used in this manual
follows:

1-9.

IMPORTANT
The 142}5 can be found in various places
in this instruction manual. Carefully
read the associated caution statements

with regard to proper use and handling of
the instrument. Damage to the instrument
may occur if these precautions are
ignored.

Tm'sK symbol can be found in various

places in the instruction manual. This
symbol indicates those areas on the
instrument which are potential shock
hazards. Carefully read the associated
warning statements with regard to proper
use and handling of the instrument.
Serious personal injury may result if
these precautions are ignored.

SPECIFICATIONS.

are as

1-10. Detailed specifications for the Model 642 are
given in Table 1-1, page 1-2.

1-1
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1-2

AS A DC AMMETER
CURRENT ~ MAXIMUM READING

MAXIMUM READING

SETTING ON 0.1 RANGE ON 10 RANGE
100 A 0.19999 X 107 A 10.999 X 107 A
107°A 0.19999 X 107°A 10.999 X 107°A
107 A 0.19999 X 107:A 10.999 X 107:A
107 A 0.19999 X 107*A 10.999 X 10°:A
1% SETTLING TIME ON
25°C =1°C 10 RANGE AT 1V/10kCOUNT

CURRENT 6-MONTH ACCURACY

ANALOG OUTPUT, AT

SETTING =+ (%rdg + digits} MINIMUM DAMPING
107*A 1% + 3d 40ms
10mA 1% + 3d 100ms
107A 1.3% + 3d 400ms
107*A 1.5% + 6d 5 s

NOISE: 8 X 107%7A rms (2 X 107°A p-p). Less than 15 self-generated
alpha pulses per hour.

AS A DC VOLTMETER

20°C to 30°C 1% SETTLING TIME

MAXIMUM  6-MO. ACCURACY AT 1V/10k COUNT

RANGE READING (Exclusive of Noise) ANALOG QUTPUT
0.1V 0.19999 0.05% + 3 digits 3 sec.
v 1.9999 0.05% + 1 digit 0.3 sec.
10V 10.999 0.05% <+ 1 digit 0.03 sec.

NOISE: Less than 20V rms (100xV p-p).

ZERO STABILITY: 24 hours, +3°C: =180uV.

TEMPERATURE COEFFICIENT OUTSIDE OF +£3°C SPAN:
+(30uV + 0.5 digit)/°C.

INPUT RESISTANCE: Greater than or equal to 10% Q.

AS A COULOMBMETER

RANGES: 10~ coulombs, 0.1, 1, or 10 ranges.

INPUT CURRENT (at 25°C £1°C): Less than 5 X 10777A.

ACCURACY (at 25°C *+1°C for 6 months, exclusive of noise):
+(0.3% + 5 digits).

NOISE: 8 X 107 coulombs rms (4 X 10-*% coulombs p-p), 0.1 range.
Less than 15 self-generated alpha pulses per hour.

CHARGE ERROR DUE TO ACTUATION OF ZERO CHECK: Typ-
ically less than 10-*¢ coulombs.

GENERAL

MAXIMUM INPUTS: Normal or Common Mode: 30V rms DC to
60Hz.

DISPLAY: Five 0.5 inch LED digits with decimal point and polarity
indication.

CONVERSION PERIOD FOR DIGITAL DISPLAY: 400ms.

ANALOG OUTPUTS: Two analog outputs are provided on main-
frame rear panel; 1V per 10,000 counts and 1V per 100 counts of the
digital display.

POWER REQUIREMENTS:

90V to 110V
105V to 125V
180V to 220V

or 210V to 250V, 50Hz to 60Hz, 30VA max.

DIMENSIONS, WEIGHTS :
MAINFRAME: 3%: in. half rack, overall bench size 100mm high X

217mm wide by 308mm deep (4" X 8¥2" X 12 /;”). Net weight
2.9kg (6 1b., 6 0z.).

REMOTE HEAD: 102mm high X 162mm wide X 165mm deep (4"
X 6% X 6Y2”), exclusive of connectors. Net weight 4.2kg
1lb., 3 oz.).

INTERCONNECT CABLE: 4 ft. long. Net wt. 0.6kg (1 ]b., 3 0z.).

ACCESSORY SUPPLIED: Four-foot remote head to mainframe inter-
connect cable.

MODEL 642
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REMOTE HEAD

INTERCONNECT CABLE

MAINFRAME

FIGURE 1-1. Model 642 Electrometer



GENERAL INFORMATION

MODEL 642

r‘ZN (8-1/2)

%0 (3-

rf

_

1/2)

100 (4)

MAINFRAME
642~003-A
q 1 1
[ 116 (4-9/16) r
102 (4)
[ g e — A I s s —
l‘——155 (6-1/2) ———— | g 162 {6~3/8) e
185 (7‘5/16)——————
REMOTE HEAD

Dimensions in Millimeters (Inches).

642-004-A

1-4

FIGURE 1-2. Dimensional Data



MODEL 642

SECTION 2.

2-1. GENERAL.

2-2. This section provides information needed for
incoming inspection, preparation for use and opera-
tion of the Mode! 642.

2-3. UNPACKING AND INSPECTION.

2-4. The Model 642 was carefully inspected, both
mechanically and electrically before shioment. 1lpon
receiving the Model 642, unpack all items from the
shipping container and check for any obvious damage
which may have occurred during transit. Report any
damages to the shipping agent. Retain and use the
original npackaging materials if reshipment is
required. The following items are shipped with all
Model 642 orders:

a. MModel 642 Mainfranme.
b. Remote tead Preamplifier.

Cc. Mainframe to Remote Head Interconnect Cahle,
Keithley Part Number 29815B.

d. Line Power Cord, Keithley Part Number CO-7.
e. Model 642 Instruction Manual.

f. Optional Accessories, as ordered.

2-5. PREPARATION FOR USE.

2-6. Preparation of the Model 642 for use consists
of interconnecting the mainframe and remote head
with the interconnection cable, configuring the
Model 642 for operation on line power or battery
power and rack mounting the mainframe if desired.

2-7. REMOTE HEAD TO MAINFRAME CONNECTIONS.

2-8. A cable assembly (Keithley Part Number 298158)
is provided with each Model 642 order to intercon-
nect the remote head to the mainframe. The cable
contains all of the necessary signal and control
lines for interfacing the two units. The cable has
a standard length of 4 feet (1.2 meters) and is
equipped with connectors which mate with the INTER-
CONNECT receptactes on the mainframe and the remote
head. If it is necessary to locate the remote head
more than 4 feet away from the mainframe, an option-
al cable may be ordered in one of three available
Tengths - 10 ft., 50 ft., or 150 ft. See Models
6427-10, 6427-50 and 6427-150 described in Section
4.

OPERATION

OPERATION

NOTE

The INTERCONNECT bulkhead plug on the
remote head is an environmental resistant
connector, and as a result, the connector
engagement will be very snug.

NOTE

The line voltage setting for the instru-
ment 1is marked on the rear panel. The
following procedure can be used to either
confirm the factory setting, or to set the
instrument for operation on another volt-
age range. If the line voltage range is
changed, the box next to the selected line
voltage should be appropriately marked as
an external reminder of the setting.

2-9. OPERATION ON LINE POWER.

2-10. The Model 642 is provided with a detachable
3-wire line cord which mates with a third wire earth
grounded receptacle. The line cord connects to the
back of the mainframe. The instrument will operate
on 4 voltage ranges of 60 or 50 Hertz AC power. The
voltage ranges are selected by 2 slide switches
located inside of the mainframe. Set up the Model
642 to operate on your input voltage as follows:

WARNING

Disconnect the line cord before removing
the case cover.

a. Remove the four screws in the top cover to
gain access to the inside of the mainframe.

b. Set switch S306 and S307 as indicated in Table
2-1 for the applicable input Tine voltage.

c. Reinstall the mainframe top cover.

d. Remove the line fuse from its holder on the
mainframe rear panel and verify that it has the cor-
rect current rating for the selected voltage. In-
stall 1/4A for 90 to 125 volts or 1/8A for 180 to
250 volts.

e. Connect the line cord to its receptacle on the
mainframe rear panel.

2-1
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2-2

|

1V
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]

njji]
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ZERO
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NENERENE O
SOWER RANGE ! 1VOLTS fcHe CURRENT W
- 0N i [—n =12 =11 =10 -8 EXT || VAR im|
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L—-ZERO CHECK: IN:

MIN:

CURRENT:

CHG (CHARGE):

VOLTS:

RANGE :

POWER:

OuT:

——— DAMPING: VAR:

Used for set-up and as a standby
configuration. Shorts input
across 100KQ in volts. Shorts
feedback elements in charge/amps
mode.

Used for taking data only.

(VARIASLE) Speed is determined by
NAMPING LEVEL adjustment on Remote
Head.

Fastest speed is obtained (in most
cases). Settling times are given
in specifications.

Feedback resistance is the recip-
rocal of the current sensitivity
selected. fustom feedback element
may be connected from FEEDBACK to
INPUT terminal and selected by
depressing EXT FD3K. Input cur-
rent s always read as display
times selected sensitivity.

20pF capacitor is the feedback
element. DisT1ay always reads
directly in 10~ 1 coulombs.

Non-inverting unity gain configu-
ration is used. NDisplay always
reads directly in volts.

Selects voltage sensitivity of
display and mainframe analog out-
outs. Automatically positions
decimal point in display.

Controls 1ine or battery power to
Model 642.

FIGURE 2-1. Summary of Mainframe Front Panel Controls.

Adjust with
ZERQ CHECK IN
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WARNING

Ground the mainframe to a properly earth
grounded receptacle before operation.
Failure to ground the mainframe can result
in severe injury or death in the event of
short circuit or malfunction. Also, con-
necting the line cord to a source having a
higher voltage than that selected can
damage the Model 642 circuitry.

f. Plug the power cord into a properly grounded
outlet of a source having the selected line voltage.

TABLE 2-1
Line Power Selection

INPUT S306 $307 LINE POWER
VOLTAGE 115] 230 ] HIGH | LOW FUSE F301
90 to 110 X X 1/4 A

105 to 125 X X
180 to 220 X X 1/8 A
210 to 250 X X

2-11. OPERATION ON BATTERY POWER.

2-12. An optional Model 6428 Battery Adapter is
available which permits operation of the Model 642
from an external 12-volt automotive battery.
Installation and use of this option is described in
Section 4. Recommendations for standby power opera-
tion are also included.

2-13. RACK MOUNTING.

2-14. Two rack mounting its are available to mount
the Model 642 mainframe into a NEMA standard 19-inch
rack or cabinet. See Models 1007 and 2000 in
Section 4.

2-15. OPERATING CONTROLS AND INPUT/OUTPUT CONNEC-
TIONS.

2-16. Mainframe Front Panel Controls.

2-17. The mainframe front panel controls are shown
in Figure 2-1. A brief description of the function
and use of each control is also included in this
illustration.

2-18. Analog Qutputs.

2-19. Two analog outputs are provided on the main-
frame rear panel (1 volt per 10,000 counts and 1
volt per 100 counts of the digital display). By
using a common low, only 3 binding posts are needed
to provide the two analog outputs. Both analog out-
puts have an output resistance of 1100 ohms (1 kil-
ohm in the high and 100 ohms in the common). The
polarity of both analog outputs is inverted on the
voltage function. Discounting its output resist-
ance, the 1 volt per 10,000 count analog output has
the same accuracy as the displayed reading and is

OPERATION

therefore useful to monitor or record the analog
equivalent of the displayed reading. This analog
output will have an output voltage between 0 and 2
volts for any on-scale display. Its output voltage
is clamped to a maximum of approximately #5 volts
when an input overload or overrange condition
exists. Effectively, the 1 volt per 100 count
analog output is the same as the 1 volt per 10,000
count output multiplied by approximately 100. The
output voltage of the 1 volt per 100 count analog
output s also limited to approximately x5 volts,
but clamping will begin at approximately 500 counts
on the display. It should be noted that although
both analog outputs are input protected from exter-
nally applied voltages by the resistors and %5 volt
clamps, applying an external voltage of greater than
3 volts to the 1 volt per 10,000 counts analog
output could result in an erroneous reading on the
digital display.

2-20. A third analog output is provided at the
remote head BNC FEEDBACK connector {see Figure 2-3).
This is the highest performance analog output, pro-
viding the full capability of the remote head pre-
amplifier. The dynamic range of this output is
x11V. It has Tow noise (2ppm rms) and the voltage
Tinearity 1is typically within Sppm (50uV in 10C
volts). This output may be direct coupled to a V/F
converter, which is often used to precisely digitize
and integrate the signal. Also, resolution is more
than adequate for a chart recorder. If automatic
data gathering is necessary, the FEEDBACK output can
also be connected to a digital multimeter with
systems capability. A digital rmultimeter s
available through KEITHLEY which has high accuracy
and the capability of being interfaced with an IEEE
Standard Interface Bus. See Model 6900 (8-1/2
digit) in Section 4 of this manual.

2-21. Remote Head Input Connections.

2-22. The remote head incorporates the provisions
for connecting the parameter to be measured {source)
to the Model 642. These provisions are described as
follows:

a. Sapphire-insulated input connector. The input
connector 1is shown in Figure 2-2. The connector
consists of the input slide cover, the input high
connection (center spring contact) and the cavity
which accepts input adapters and serves as input
Tow. The input high connection is dnsulated by
optically polished sapphire to maintain an ultra
high input resistance and an ultra low input
current. The 1input slide cover performs several
functions. When closed, it protects the sapphire
insulator from becoming contaminated and it blocks
Tight, RF pulses, and Tow level radiation from the
input circuitry to prevent input offsets. UWhen an
input adapter is installed, it s held firmly in
position by the input slide cover. It should be
noted that the input slide cover, the input cavity
and the remote head chassis are all at input Tow
potential. The quard ring shown in the illustration
is always maintained at the quard potential to
reduce the effect of input capacitance. In DC
voltage function, the guard ring is driven by the
output of the preamplifier (head output) while in
current and charge functions the guard ring is at
input Tow. The quard ring is sometimes referred to
as the input tube, see Schematic 29654E.
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INPUT HI

’/,///

___—GUARD RING

__———SAPPHIRE INSULATOR

INPUT SHIELD COVER

FIGURE 2-2. Remote Head Input Connector

INTERCONNECT
casie DAMPING
> LEVEL

|
SHORTING  MAINFRAME BNC
LINK CHASSIS FEEDBACK

GROUND CONNECTOR
POWER LINE GROUND

FIGURE 2-3. Remote Head Feedback and Ground Connections
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b. FEEDBACK Connector (Fiqure 2-3). This con-
nector permits the use of external feedback compo-
nents (i.e. a resistor for current measurements or
a2 capacitor for charge measurements). The remote
head analog output voltage is connected to the
center contact of the feedback connector through a1
kilohm resistor, a 1500pF capacitor is connected
between the resistor and the FEEDBACK connector to
signal common. This impedance must be considered if
external feedback components are to be used. The
outer shell of the FEEDBACK connector is at signal
common (input low). Depressing the EXT FDBK func-
tion pushbutton on the mainframe front panel mechan-
ically rejects the other function pushbuttons. This
results in the preamplifier being in the feedback
mode with all feedback components disconnected.
Additional information concerning the use of the
FEEDBACK connector is provided in the discussion on
Analog Qutputs in Paragraph 2-20.

c. Grounding. Signal common and the remote head
chassis are connected to INPUT LO binding post on
the remote head. Power Tine ground and mainframe
chassis are connected to GND binding post on the
remote head. The remote head is grounded when the
Tink 1is connected between the two binding posts.
Removal of this link will permit operation with
input low connected to a ground which is within 30
volts RMS of power 1ine ground. Note, for this con-
dition, the remote head chassis will be at the com-
mon mode potential.

WARNING

To prevent a shock hazard, maintain INPUT
L0 within 30 volts rms of power line
ground when the shorting 1ink is removed.

2-23. Optional Input Adapters and Cables.

2-24. The available accessories include two coaxial
cables and three input adapters which mate with the
remote head sapphire dinsulated 1input connector.
Each of these items are described in Section 4,
under the titles listed below:

a. Model 6424 BNC Input Adapter.

b. Model 6425 GR874  Input Adapter.

c. Model 6426 Sapphire-Insulated Test Box.

d. Model 4801 BNC Low Noise Cable.

e. Model 4803 BNC Low Noise Cable Kit.
2-25. \User Manufactured Input Adapters.
2-26. Figure 2-4 contains dimensional data neces-
sary for making an input adapter that will mate with
the remote head input connector of the Model 642.
This information permits the user to manufacture an
input adapter tailored to accomodate a particular

measurement application, while assuring mating com-
patibility with any Model 642 remote head.

OPERATION

2-27. OPERATING ENVIRONMENT.
2-28. Temperature.

2-29. The Model 642 is primarily intended to be
used in a stable controlled temperature environment
such as can be found inside of a typical laboratory.
The specified accuracy temperature ranges for the
Model 642 are 20°-30°C when used as a DC voltmeter
and 25°C #1°C when used as a NC ammeter or a cou-
lombmeter. Operating the Model 642 outside of these
specified performance temperature ranges will result
in measurements of reduced accuracy. Typical tem-
perature coefficients of accuracy are given in Table
2-2. These typical values can be used to determine
the approximate accuracy of a measurement taken at a
temperature that is outside of the specified accu-
racy range of the Model 642.

TABLE 2-2
Typical Temperature Coefficients
(Independent of Zero)

FUNCTION RANGE | TEMPERATURE COEFFICIENT
DC Voltmeter 0.1 + (0.005%)/°C
1.0 + (0.005%)/°C
10 + (0.005%)/°C
DC Ammeter
10-86 + (0.25%)/°C
10-104 + (0.3%)/°C
107114 + (0.35%)/°C
10-125 + (0.5% + 1 Digit)/°C
Coulombmeter + (0.03%)/°C

*Input Bias Current approximately doubles with
each 10°C increase.

2-30. Contamination.

2-31. With the exception of the sapphire-insulated
input connector (protected by the input slide cover)
all components whose performance would be affected
by dust, moisture, or other contaminants are sealed
inside of the remote head. Further protection
against moisture is provided by an internal
desiccant and a relative humidity indicator which
may be read from the bottom of the remote head. It
is suggested that the relative humidity indicator be
checked weekly or whenever a reduction of Model 642
performance 1is indicated. The desiccant paper
should be replaced or reactivated whenever the
indicator shows a relative humidity of approximately
40%. See the Maintenance Section in this manual for
instructions on how to reactivate or replace the
desiccant paper. When closed, the input slide cover
protects the sapphire-insulated input connector from
contamination and the resulting degradation of its
insulating qualities in all but excessively humid or
dusty atmospheres. These conditions should be

2-5
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CONTACT NOTES:
1.

2.

FINISH:

MATERIAL:

.250 +.002 Brass Rod
or Copper Alloy NO. 360.

TO EXPERIMENT

o

Customer Supplied DIA.
as Required

L.

Nickel Plate .000100
Gold Plate .000030/50

R

.200 Min.

.093
v

1.678 Min.
.385
.15/.16 To — i
ontact Surface .
-~ \\
v
~
-~ | ~

//
BREAK SHARP EDGE NO
CHAMFER PERMISSIBLE

1.060 DIA.
118°

+5°

FIGURE 2-4.

Required Dimensions for Model 642

Input Connector
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strictly avoided since measurements (especially high
impedance) would be adversely affected. In
addition, the input slide cover shields the
insulated gate of the MOSFET from RF pulses and
Tight, and reduces the effect of background
radiation. Care should be taken when connecting a
source to insure that the fingers do #ot come in
contact with the sapphire-insulated input connector
or that portion of tha input adapter which will come
in contact with it.

2-32. Radioactivity and High Energy Fields.

2-33. Operating the Model 642 in areas having a
high background radiation level will dincrease its
background noise. Shielding of external circuitry
will normally be required if the Model 642 is to be
operated in the presence of large electric or mag-
netic fields. For electric fields, the shield of
the measurement circuit and Tleads should be con-
nected together to ground at only one point. This
provides a tree configuration, which minimizes
ground loops. For magnetic fields, the magnetic
shielding should enclose the measuring circuit, the
lead wires, and the Model 642 itself.

2-34. GENERAL MEASUREMENT CONSIDERATIONS.

2-35. The following descriptions and instructions
are common to all measurements. Standard operating
practices are described. Safety precautions are
included that describe how to avoid conditions which
could result in personal injury or damage to the
Model 642. This information should be carefully
read and understood before making measurements to
insure the safest, most effective use of the Model
642.

2-36. Use of Zero Check.

2-37. The ZERQ CHECK pushbutton and ZERO ADJUST
knob (shown in Figure 2-1) are located on the main-
frame front panel. Momentary or locking action of
the ZERO CHECK pushbutton can be obtained, depending
on how far the button is pressed. Pressing the
pushbutton to IN position shorts the preamplifier
feedback elements 1in current or charge mode and
shorts the preamplifier input 1in voltage mode.
During zero check in the voltage function, the input
impedance is reduced from 10*°2 to 100Kq.
With the Model 642 in zero check, an input offset
will be displayed and can be compensated using the
ZERQ ADJUST knob. 1In general, the instrument should
be in zero check except when actually making a mea-
surement. It is especially important that the
instrument be in zero check when turning power on or
changing functions. It is normal to have to re-
adjust zero when changing functions.

2-38. Settling Time.

2-39. Applying power to the Model §42 or subjecting
it to other conditions such as an input overload can
cause significant charge transfer in the input cir-
cuitry and result in higher input bias current and
input offset voltage. As a result, depending upon
the sensitivity of the required measurement, time

OPERATION

may have to be allowed for the input current to
decay and the input circuitry to stabilize. As a
worst case example, on the oarder of 24 hours
settling time may be required to obtain measurements
near the maximum specified sensitivity after an
input overload. A list of conditions requiring
settling time is given below.

a. Power application or momentary loss of line
power.

b. Switching from volts to current or charge
function or back again.

c. An input overload.

d. Light, radiation, or RF pulses striking the
input circuitry (can be minimized by keeping the
input slide cover closed).

e. Making connections at the “odel £42 input.
(Disturbances caused by making input connections can
be nminimized by having the instrument in ZERD
CHECK.)

2-40. Input Overload and Overrange.

2-41. As previously described, input overloads
should be avoided. Ar input overload can be defined
as the condition that exists whenever the preampli-
fier output in the remote head exceeds approximately
12 volts. These points are the maximum voltage
swing 1imits of the nreamplifier in the remote head.
Any further increase in the input signal when these
limits are reached will result in a difference in
potential between the input node of the MOSFET and
the GUARD RING shown in Figure 2-2. As a result, a
charge will be injected into all imsulators between
these two points, dependent on the severity of the
input overload. Tt is the subsequent discharge of
these insulators which accounts for long input bias
current settling times after severe input overloads.
Thus, it can be seen that it is important to detect
input overloads in order to limit their duration or
severity. One way of detecting an input overload is
to monitor the FEEDBACK BNC connector on the remote
head. Another way is that an input overload will
cause an overrange indication. However, an
overrange indication does not necessarily mean that
the input is overloaded. An overrange indication
will be displayed whenever the range of the A/D
converter in the mainframe 1is exceeded, 19,999
counts for the 0.1 and 1.0 ranges and 10,999 counts
for the 10 range. Table 2-3 gives a correlation
between the preamplifier output voltage and the
overrange indication. The output voltage values
listed are the minimums at which an overrange
indication would occur. As a further explanation,
the following sequence of events would occur when a
positive ramping voltage was applied to the Model
642 with 10 range and voltage function selected. An
overrange indication will be displayed when the
voltage reaches 11 volts. An input overload will
exist when the voltage reaches 12 volts. In
summary, you can avoid or detect input overloads by
either monitoring the feedback output or considering
that an input overload may exist whenever an
overrange is indicated.

2-7
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TABLE 2-3

Correlation of Preamplifier Output to Overrange Indication.

MAINFRAME OVERRANGE HEAD
RANGE | FUNCTION INDICATION OuTPUT

0.1 Volts or | Flashing .00000 | +200mV
Current

0.1 Charge Flashing .00000 | +100mV

1 Voits or ! Flashing .0000 =2V
Current
1 Charge Flashing .0000 =1V

10 Volts or| Flashing 88.888 | =+11V
Current

10 Charge Flashing 88.888 | =*5.5V

(2.0000 x 10712 coul)

(2.0000 x 10-11 coul)

(1.1000 x 10-10 coul)

NOTE

An Operational Checkout Procedure is pro-
vided in Section 3 of this manual. Upon
receipt and set-up of the Model 642, this
procedure can be used as an initial check-
out procedure to verify that the instru-
ment responds on all ranges and functions,
and that all front panel controls operate
properly. It can also be wused as a
periodic confidence test of Model 642
operation. Since Model 642 accuracy is
not checked by this procedure, only a
minimum amount of commercially available
equipment is required.

2-42. MEASUREMENT INSTRUCTIONS.

2-43. The remainder of this section provides meas-
urement instructions and important considerations
necessary for using the Model 642 to make sensitivie
measurements.

2-44, Voltage Measurements.

2-45. Mith voltage function selected, the Model 642
has 101® ohms input resistance and will measure
voltages from 10 microvolts/digit to #10.999 volts.
The specified accuracies for voltage measurement
assume the proper accuation of ZERQO CHECK and ZERO
adjustment. Guarding must be employed to achieve
minimum settling times when making measurements from
very high source impedances. This means that the
Model 6426 Sapphire-Insulated Test Box, or an equiv-
alent, must be used. Overrange indications are
given in Table 2-3. Use the Model 642 to measure
voltage as follows:

a. Interconnect the Model 642 Mainframe and
Remote Head as directed in Paragraph 2-7.

b. Configure the Model 642 for Line Power

Operation (Paragraph 2-9) or Battery Power Operation
(Paragraph 2-11).

2-8
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c. Set up Mainframe Controls. Refer to Figure
2-1 and proceed as follows:

1. Depress ZERQ CHECK pushbutton to the Tlatch
position. The instrument should be left in ZERO
CHECK except during the actual measurement. A 100
kilohm resistor is connected across the elec-
trometer input in ZERQ CHECK.

2. Depress POWER pushbutton to ON position.
3. Select volts function and desired range.
NOTE

Zero in voltage function can be adjusted
on any range, for that particular range,
as long as the idnstrument dis 1in ZERO
CHECK. Also, a ZERO adjustment made on a
lower range (more sensitive range) will be
valid when the dinstrument {is upranged.
However, Zero will have to be readjusted
when the instrument is downranged due to
the increasing voltage resolution.

d. Grounding Considerations. INPUT L0 is to be
connected to a ground which is within 30V RMS of the
642 power line ground. This may be done by means of
the tink connecting INPUT LC and GND on the remote
head, or at a ground point external to the 642. If
the connection to power line ground is made at a
point other than the 642, disconnect the 1link
hetween INPUT L0 and GND terminals on the front of
the remote head, and connect the INPUT LY terminal
to the external ground.

§ WARNING

A Shock Hazard is created if "INPUT LO" is
connected to a potential of greater than
30V with respect to exposed ground con-
nections of nearby equipment.

e. Installation of the Input Adapter. Open the
input slide cover and install the input adapter or
sapphire-insulated test box on the remote head.
Take care not to touch the sapphire insulator with
the fingers or anything that. can cause contamina-
tion.

f. Connect Source to Electrometer Input.
g. Adjust zero for selected range.
h. Release zero check.

i. Make the measurement by applying the voltage
to be measured and reading the number on the dis-
play. Since the function in this case is 1V, the
measured voltage is read directly on the display.
The polarity of the measured dinput voltage is
automatically displayed by the Model 642.

2-46. Current Measurements.
2-47. With a current function selected, the Model

642 preamplifer operates as a feedback current-to-
voltage converter. As shown in Figure 2-1, four
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current function pushbuttons provide selection of
four current sensitivities, while the three range
pushbuttons provide three different resolutions of
the selected current function.

2-48. Since the Model 642 uses a feedback ammeter
for current measurements, it has a low input voltage
burden. Assuming proper adjustment of zero, typical
fullscale input voltage burdens are 30uV on the 0.1
range, 150uV on the 1 range and 1.5mV on the 10

range. Overrange indications are given in Table
2-3.

2-49. Use the Model 642 to measure current as
follows:

a. Interconnect Model 642 mainframe and remote
head as described in Paragraph 2-7.

b. Configure the Model 642 for Line Power
Operation (Paragraph 2-9) or Battery Power Operation
(Paragraph 2-11).

c. Set-up of Mainframe Controls (refer to Figure
2-1).

1. Depress ZERO CHECK to latch position.
2. Depress POWER pushbutton to ON position.
3. Selected desired current function and range.

4. Select MIN or VAR damping. Maximum damping
is obtained by pressing the DAMPING pushbutton to
VAR and adjusting the DAMPING LEVEL control on the
remote head fully clockwise. Conversely, minimum
settling time (fastest response) 1is obtained by
releasing the DAMPING pushbutton to the MIN posi-
tion. In variable damping, the DAMPING control
covers a wide range of noise/bandwidth tradeoffs.
Typically, the time constanis can be adjusted
w1th1n a 1.5:1 span_on 107°A function, within

O 1 span on 10-104 A, within a 25:1 span on
10‘ , and within a 100:1 span on 10~

d. Open the INPUT slide cover and install the
input adapter or sapphire-insulated test box on the
remote head.

NOTE

In _ general, currents from 1077a  to
107 15A should be measured wusing the
Cur{gnt functwn1 Currents from

to 107154 may be mea-
sured using either the Current function or
the gharge function. For currents below
10-1 best performance can be
obtained using the Charge function. See
Ultra Low Current Measurements in this
section for instructions on using the
Charge function to measure current.

e. Connect the source to the input adapter.
f. Adjust zero for the selected range.

g. Release ZERO CHECK.

OPERATION

h. Apply the signal and make the measurement by
reading the number and decimal point on the display.
The current is read directly in un1ts ges1gnated 8y
the selecte function 1071 .
10-11 or 107 ampere). The po1ar1ty of
the measured current is automatically displayed by
the Model 642.

NOTE

Specified accuracies for current measure-
ment assume proper actuation of ZERO CHECK
and zero adjustment. The instrument
should be in zero check when changing cur-
rent sensitivities. Adjustment of zero
should be accomplished after changing
current sensitivity or selecting a lower
range (i.e., from 10 to 1 or 1 to 0.1).
Specifiad noise is measured at the 1V/10K
count ANAh?C OUTPUT with the Model 642 set
to current function, 0.1
range and maximum damping.

2-50. Charge Measurements.

2-51. In charge function, the Model 642 Preampli-
fier operates as a charge to voltage converter,
1ntegrat1qo the input current with an air capacitor.
The Charge  function pushbutton and
three range pushbuttons allow the Model 642 to
meaig and digitally display charge from

c/digit  to  10.999 x 107}l coulombs.
Use the Model 642 to measure charge as follows:

a. Connect Model 642 Mainframe and Remote Head as
described in Paragraph 2-7.

b. Set up the Model 642 for Line Power Operation
(Paragraph 2-9) or Battery Power Operation (Para-
graph 2-11).

¢c. Set up Mainframe controls (refer to Figure
2-1).

1. Depress ZERO CHECK to Latch position.
2. Depress POWER pushbutton to ON position.

3. Depress 10-1lg pushbutton and select
the desired range.

d. Open the input slide cover and install the
input adapter or sapphire-insulated test box on the
remote head.

e. Connect the source to the input adapter.
f. Adjust ZERO for selected range.
NOTE
If a lower range is selected later during
the measurement, place the instrument in
zero check and readjust zero for the lower
range.
g. Release ZERO CHECK and record the reading of
the digital display. This displayed reading is the

small amount of charge error introduced by releasing
the ZERQ CHECK pushbutton.

2-9



OPERATION

h. Apply the signal and make the measurement by
reading the number, decimal point and polarity sign
on the d1spTay The %?g1ta1 display reads directly
in units (i.e., coulombs). For the most
accurate measurement, subtract the zero check charge
error that was recorded in Step g.

NOTE

Specified accuracy for charge measurements
assumes proper actuation of ZERQ CHECK and
ZERDO adjustment. The stated input bias
current is obtainable after a 12 to 24
hour stabilization time (with no recent
history of an input overload). Specified
noise is measured at the 1V/10k count
ANALOG QUTPUT in the 0.1 range.

2-52. Ultra Low Current Measurements.

2-53. The charge funcﬁ}on can be used for measuring
currents from to 107 The
measurement is done by observing the change in
charge over a known period of time and calculating
the current as follows:

coulombs
I (Amperes) = AT seconds

Either the display or a chart recorder can be used
to observe the change in charge. Use the chart
recorder to determine input bias current and correct
for alpha jonization. Separate procedures are given
below.

NOTE

For ultra low current measurements, the
Model 6426, or an equ1va1ent mﬂft be used
for currents less than The
Model 6425, or equ1v?%ent, can be used for
currents down to 10°

MODEL 642

a. Using the digital display.

1. Perform steps a through g of the Charge Mea-
surement procedure.

2. Using a stop watch or other suitable timer,
apply the signal to be measured for a known number
of seconds. Record the displayed reading at the
beginning and end of the time period. The differ-
ence between these readings is the change in
charge (AQ). Calculate the current: I = aQ = aT.

b. Using a chart recorder (refer to Figure 2-5).

1. Perform steps a through f of the Charge
Measurement procedure.

2. Connect chart recorder to 1V/10k counts
analog output on the mainframe rear panel. Set
recorder, span and speed as appropriate for the
measurement. Turn on the recorder.

3. With no signal applied, release ZERQ CHECK
and allow sufficient time to determine the slope
of the integrated input bias current on the chart.
Calculate current, Iy = (807 - aQg)/aTy,
subtracting the effects of alpha ionization, AQq.

NOTE

Alpha ianization (aQq, AQg) will
result in a charge transition similar to
that which occurs at release of Z-C.

4. PLoply the signal for the desired duration of
the measurement. Remove the signal and subtract
the effects of alpha ionization aQg then calcu-
late current: 1p = (aAQ2 - aQ5)/aTo.

5. Let the recorder continue to run to deter-
mine the input bias current as in step ¢. Calcu-
Tate the current: I3 = aQ3 + AT3.

6. With I equal to I3, then: Igyp = Ip - Ig.
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QPERATION
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FIGURE 2-5. Current Measurements Using Charge Function and Chart Recorder
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PERFORMANCE VERIFICATION

SECTION 3. PERFORMANCE VERIFICATION.

3-1. GENERAL.

3-2. The Qperational Checkout and Performance
Verification procedures may be performed wupon
receipt of the instrument to insure that no damage
or misadjustment has occurred during transit. It is
suggested that the Operational Checkout be performed
first since no lengthy settling time is necessary.
The Performance Verification may also be performed
whenever there is question of the dinstrument's
accuracy and following calibration, if desired.

NOTE

For instruments that are still under war-
ranty (less than 12 months since date of
shipment), if the instrument's performance
falls outside specifications at any point,
contact your Keithley representative or
the factory immediately.

3-3. OPERATIONAL CHECKOUT.

3-4, The purpose of this checkout is to verify that
the instrument responds on all ranges and functions
and that all front panel controls operate properly.
This procedure can be performed upon receipt of the
instrument before doing the more complex and time
consuming Performance Verification.

3-5. Recommended Test Equipment.
3-6. The following equipment is recommended for the
Operational Checkout of the Model 642; however,
alternate test equipment may be used.

a. Keithley Model 261 Picoampere Source.

b. Keithley Model 6424 BNC Input Adapter.

c. Keithley Model 260 Nanovolt Source.
3-7. Environmental Conditions.
3-8. The Operational Checkout should be performed

in the normal operating environment of the 542 which
is 20°C to 30°C and up to 70% relative humidity.

3-9. Desiccant Indicator.
3-10. Verify that the desiccant indicator, Tlocated

on the bottom of the remote head, reads less than
40% relative humidity.

3-11. ZERO CHECK and ZERO ADJUST Operational
Check.

a. IERD CHECK the 642 and set to the 1X RANGE,
and VOLTS function.

h. Rotate the ZERO ADJUST knob fully clockwise
and note the reading on the display. Now turn the
ZERO  ADJUST knobh fully counterclockwise. The
display should go from a positive offset through
zero to a negative offset approximately 100 digits
from the noted reading (approximately 10mv).

c. With ZERO CHECK still IN, zero the display
with the ZERC ADJUST.

d. DPush ZERO CHECK IN and OUT several times and
make sure the display returns to zero.

3-12. RANGE Selectors Operational Check.

a. ZERQ CHECK the 642 and set to the VOLTS func-
tion.

h. On the 0.1X RANGE there should be a decimal
point followed by five digits.

c. On the 1X RANGE there should be a decimal
point followed by four digits.

d. On the 10X RANGE there should be a decimal
point followed by three digits.

3-13. VOLTS Operational Check.

2. ZERQO CHECK the 642 and set to the 1X RANGE,
and VOLTS function.

h. Zero the display using ZERO ADJUST.

¢c. Using a Keithley Model 260 Manovolt Source,
apply +1 volt to the input of the 642.

d. Release ZERO CHECK and verify a display
reading of nominally +1.0000.

e. Repeat the check using negative voltage.
3-14. CURRENT Operational Check.

a. 7ZERO CHECK the 642 and set to the 1X RANGE,
and 10-8 CURRENT function.

b. Using a Keithley Model 261 Picoammeter Source
apply 107° amperes to the input of the 642.

c. Release ZFRO CHECK and verify a display
reading of nominally 1.0000.

d. Repeat the above procedure for the
1010, 10-11 and 10-12 current ranges.

3-1
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3-15. CHARGE Operational Check.

3-16.  The operation of the CHG function can be

checked by integrating the input bias current of the °

input MOSFET as follows.

a. ZERO CHECK and ZERO ADJUST the 642 and set to
thg 0.1X RANGE, and CHG function. Make sure the
s]xger cover on the input is closed, as no input is
used.

b. Release ZERC CHECK and observe the charge
error that 1is generated, which is typically 1less
than 100 digits on the display.

c. By observing the display for a couple of
minutes a small rate of charge change should be
realized, indicating that the leakage current of the
input MOSFET is being integrated.

3-17. DAMPING Operational Check.

a. ZERO CHECK the 642 and set to th . .
and CHG function. e 0.1X RANGE,

b. Using a Keithley Model 261 apply 10-11
amperes to the input of the 642,

€. Release ZERD CHECK and observe how quickly the
display responds to the input. Also, note how noisy
the least two significant digits are.

TABLE 3-1

MODEL 642

d. ZERC CHECK the 642 and set to VAR DAMPING.
Turn the DAMPING LEVEL adjustment located on the
remote head fully clockwise. The 642 is now set for
maximum damping.

e. Release ZERO CHECK and it should be observed
that the rise time is now much slower. Also, the
noise level should be much guieter.

3-18. EXTERNAL FEEDBACK Operational Check.
3-19. Depressing EXTERNAL FEEDBACK should release
the VOLTS, CHG, and CURRENT pushbuttons, thus

allowing the use of the FEEDBACK BNC connector,
Tocated on the remote head, for external feedback
circuitry.

3-20. PERFORMANCE VERIFICATION PROCEDURE.

3-21. After it is determined that the 642 is
operating properly, the accuracy of the instrument
can be verified with the following procedures.

3-22. Recommended Test Equipment.

3-223. Recommended test equipment for performance
verification is listed in Table 3-1. Alternate test
equipment may be used. However, if the accuracy of
the alternate test equipment is not at least 5
times better than the instrument specifications,
additional allowance must be made in the readings
obtained.

Recommended Test Equipment : for Performance Verification

ITEM | DESCRIPTION MFR. MODEL

A Sapphire Test Box Keithley | 6426
B 100pF Air Capacitor, 0.1% Gen Rad 14038
C 1000pF Air Capacitor, 0.1% Gen Rad 1403A
D Strip Chart Recorder H-P 7132A

E DC Calibrator Fluke 341A

F BNC to Airline Cable Gen Rad 776-9702
G BNC Input Adaptor Keithley | 6424
H Airline Input Adaptor Keithley { 6425
1 100KQ Resistor, 0.1% (Built into a shielded

test fixture) - -

J 10MQ Resistor, 0.1% - -
K Oscilloscope with Differential Amplifier Tektronix | 7623A
w/TA22

L Ramp Generator (Build to specifications
contained in Paragraph 6-16) - -

3-2
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3-24. 1Initial Conditions.
3-25. Before beginning the verification procedures,
the instrument must meet the following conditions:

a. Check the desiccant
the relative humidity
<40%.

indicator and make sure
inside the remote head is

b. If the instrument has been subjected to a
more extreme temperature, allow sufficient time for
internal temperatures to reach normal operating
environmental conditions. Typically, it takes one
hour to stabilize a unit that is 10°C (18°F) out of
the specified temperature range.

¢c. Turn on and ZERO CHECK the Model 642, and
allow it to stabilize for four hours.
3-26. DC Voltage Accuracy Verification.

a. Environmental Conditions: 20-30°C, <70%

(External) relative humidity.

b. ZERO CHECK the 642 and set for the 10X RANGE,
and VOLTS function.

PERFORMANCE VERIFICATION

g. Set the DC Calibrator to +1.9000V and release
the ZERO CHECK. The 642 display should read +1.9000
+11 digits.

h. ZERO CHECK the 642 and set to the 0.1X RANGE.
Set the DC Calibrator to -0- and ZERO ADJUST the 642
display.

i. Set the DC Calibrator to +0.19000V and release
the ZERO CHECK. The display should read +.19000 #13

digits.

J. Repeat the above procedures using negative
voltage.
3-27. DC Current Accuracy Verification.

3-28. In order to accurately verify the accuracy of
the 642 current ranges, a current source with an
accuracy of 0.2% or better is necessary. Equipment
with this level of accuracy is not readily available
on the commercial market and may have to be built.
Paragraphs 6-12 thru 6-17 in Section 6, detail
suggested methods for generating the necessary cur-
rent levels. If a current source that is not at
least 0.2% accurate s to be used, additional
allowance must be made in the readings obtained.

c. Connect the DC Calibrator (Item E, Table 3-1) a. Environmental Conditions:  25°C £1°C, <50%
to the 642 via the Model 6424 BNC Input Adaptor relative humidity.

Item G).

( ) b. ZERO CHECK the 642 and set to the 10X RANGE

d. Set the DC Calibrator to -0- and ZERD ADJUST and the 1078 CURRENT function.

the 642 display for a .000 reading.
pray s c. Apply 1077A to the INPUT of the 642, and

e. Set the DC Calibrator to +10.000V and release ZERO ADJUST the display.

the ZERO CHECK. The display should read +10.000 %5
digits. d. Release the ZERO CHECK.
read 10.000 =90 digits.

The display should

f. ZERO CHECK the 642 and set to the 1X RANGE.
Set the DC Calibrator to -0- and ZERO ADJUST the €.
642 display. for the
current ranges.

Referring to _Table 2-2, repeat steps a thru_d
10-10a, 107114 and 10-12a

TABLE 3-2
Current Checkout Using 0.2% Current Source

642 Settings* Applied 642 Display
Current Range Damping Current Reading
1078 10X MIN 107A 10.000 +90d
10710 10X MIN 107%A 10.000 +80d
107! 10X vaRe* | 10710 10.000 +110d
10712 10X vaR=s | 107Ha 10.000 +130d

*ZERQ CHECK AND ZERO ADJUST the 642 display prior to
making readings on each current range.

**See Step 4 of Paragraph 2-49c.

3-3



PERFORMANCE VERIFICATION
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FIGURE 3-1. Circuit for Coulombs Accuracy Verification
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3-4

FIGURE 3-2. Using a Scope with a Differential Amplifier to
Measure 1% Settling Time
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101?\V (1%)

te—— 38 msec
(1% Settling Time}

TRIGGER POINT}Y

FIGURE 3-3. Typical Scope Dispiay for 1% Settling Time on the 10-8a Range

3-29. Coulombs Accuracy Verification.

a. Environmental Condition: 25°C =1°C, <50%
relative humidity.

b. ZERO CHECK the 642 and set to the 10X RANGE
and CHG function.

c. Set up the circuit shown in Figure 3-1 using
the equipment listed in Table 3-1.

d. With the DC Calibrator (E) set to -0- volts,
ZERO ADJUST the display for a .000 reading.

e. Release the ZERO CHECK and record the 642
display reading, which is the zero check hop.

f. Step the DC Calibrator to a +1.0000V output
and record the 642 display reading.

g. Compute the difference between the two
readings, which should be +10.000 %25 digits.

3-30. 1% Settling Time Accuracy Verification.
3-31. The 1% Settling Time can be checked by using

an oscilloscope which has a differential amplifier.
Input (such as tektronix 7A22 in a 7000 Series
Mainframe).

a. ZFRO CHECK the 642 and set to the 10X RANGE,
108 CURRENT function and MIN DAMPING.

b. Connect the Oscilloscope (K) to the 1V/10000
COUNT ANALOG OUTPUT of the 642 and to the DC
Calibrator (E) as shown in Figure 3-2.

c. Set the Differential Amplifier of the Scope
for_a gain of 10mv/div, and 10ms/div, and supply
10-7A to the INPUT of the 642.

d. With 10~7A supplied to the input release ZERO
CHECK and adjust the Joscillescope trigger level such
that the trace starts at the beginning of the
risetime response.

e. Adjust horizontal position control so that
beginning of trace aligns with left edge of the
display graticule.

f. Use the DC Calibrator to "Offset" the display

to permit viewing of the settling of the response to
its final value.
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TABLE 3-3
1% Settling Time

MODEL 642

642 SETTINGS Applied "0* SCOPE SETTINGS | 1% SETTLING
Range | Current Damping Current Volts/Div] Time/Div TIME
10X 10-8 MIN 10774 10mv 10ms <40ms
10X 10-10 MIN 10-%A 10mv 20ms <100ms
10X 10-11 MIN 10-104 10my 100ms <400ms
10X 10-12 MIN 10-11a 10mv 200ms <lsec

g. Release the ZERO CHECK and verify that the
19 Settling Time on the scope is <40ms (see Figure

3-3).

h. Repeat steps a thru g for 10710a, 10-1lla,

and 10-12p current ranges using Table 3-3 as a
quide.
3-32. Input Bias Current Verification.

3-33. Perform the following procedures to verify the

Tow input bias
MOSFET.

a. Environmental

current

integrity of the

Conditions:

input

Ambient temper-

e. Connect the Strip Chart Recorder (D) to the
1V/10,000 COUNT ANALOG OUTPUT and set the recorder
to provide 10min/inch and ImV/inch sensitivity.

f. Release the ZERO CHECK and allow the 642 to
self-integrate its own bias current for 30 minutes

to one hou

re.

g. Compute the input current using data taken
from the strip chart, using the following formula:

I:é_o.
AT
where: 1 = Input bias current in amperes
AQ = Measured charge

ature 25° £1°C, ambient relative humidity <50% and
internal remote head relative humidity <40%, as
displayed by the desiccant indicator.

b. ZERO CHECK the 642 and set to the 1X RANGE,
CHARGE function and MIN DAMPING.

c. Remove the connector from the 642 INPUT and
close the slider cover, as no inputs are used.

d. Allow the 642 to settle for a 24-hour time
period. Make sure that the 642 controls are not
tampered with, or that power to the instrument is
not interrupted during this settling period.

3-6

10,000 counts = 1x10~11 coul
1mV {=1 inch)= 10-1% coul
AT = Change in time in seconds

n. The computed input bias current should be <5 x
1017 amperes. A higher current would indicate
input MOSFET damage or contamination within the
remote head.

NOTE
The zero check hop and any o« pulse ioni-

zation should not be considered in AQ.
See Section 2-49.
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SECTION 4.

4-1. GENERAL.

4-2. This section describes the various accessories
and options for use with the Model 642 Electrometer.

4-3. MODEL 6421 DESICCANT PAPER REFILL.
4-4, This is a refill desiccant paper pack. One

piece at a time may be installed in the remote head
as needed. Each of the three pieces is individually

packaged in its own moisture resistant bag. The
desiccant paper helps to hold down humidity in the
remote head. See Section 6 of this manual for

desiccant paper replacement instructions.
4-5. MODEL 6422 ISOLATED BCD OUTPUT.

4-6. The Model 6422 Isolated BCD Output converts
the displayed reading to an electrically isolated,
latched, and buffered parallel BCN format.  Addi-
tional data lines include Sign, Overrange, and
Busy. To install and/or operate the Model 6422,
refer to the Instruction Manual, Model 1792/6422
Isolated BCD Output (Keithley Part Mo. 30155).

NOTE

Models 6422, 6423, and 6428 are mutually
exclusive. The use of one precludes the
use of the others.

4-7. MODEL 6423 ISOLATED IEEE-488 QUTPUT.

4-8. MODEL 6423 provides the logic and control
functions necessary to interface the Model 642 to an
[EEE Standard 488-1978 Bus. The Model 6423 is
compatible with the Model 642 Electrometer, Serial
Mumber 53400 and above.

To install and/or operate the Model 6423, refer to
the Instruction Manual, Model 1793/6423 IEEE
Standard 488 Qutput (Keithley Part Mo. 30535).

4-9. MODEL 6424 BNC INPUT ADAPTER (FIGURE 4-1).

4-10. The Model 6424 adapts the Model 642 input for
use with a coaxial cable having a male BNC con-
nector. ihen used with low noise coaxial cable such
as Keithley part number SC-9, the Model 6424 can be

used for rmeasurerments down to 10-12 amperes.
The Model 6424 can also be used for unquarded
voltage measurements.

To Use: Ensure that ZERO CHECK is IN if power
is applied to the Model 642. Pull back the input
slide cover and insert the Model 6424 into the
adapter cavity on the remote head. Take care not
to touch the sapphire insulator with the finqgers
or with anything that can cause contamination.
Release the input slide cover gently until it
rmakes contact with the Model 6424. Connect the
source to be measured to the female BNC connector
on the Model 6424.

ACCESSORIES

Specificatigns: Insulation resistance 1is greater
than 1012 ohms.  Use of the Model 6424 i
suitable for dinput currents down to 10-1
amperes.

4-11. MODEL 6425 GENRAD GR874®  AIRLINE INPUT
ADAPTER (FIGURE 4-1).

4-12. This accessory adapts the Model 642 input for
use with General Radio 874® series coaxial acces-
sories. The Model 6425 can be used for currents
down to 10-15 ampere and for unguarded voltage
measurements.

To Use: Install the Model 6425 in the same man-
ner as the Model 6424. C(Connect the source to be
measured to the Air Line connector on the Model
6425.

Specificatigns: Insulation resistance is greater
than 101% ohms.  Use of the Model 6425 is
suitable for currents down to 1015 amperes.

4-13. MODEL 6426 SAPPHIRE-INSULATED TEST BOX.

4-14. The Model 6426, shown in Figure 4-1, provides
the means for making input connections to the Model
642, _and permits its use to the full sensitivity of
10‘i7 amperes. It has a sapphire-insulated
INPUT  terminal to maintain a 10 input
impedance, and has provisions for shielding the
source, guarding, and connecting both feedback
etements and an external source. The Model 6426 is
useful for testing semiconductor leakage and high
resistance measurements of small geometry parts.
The following paragraphs provide the performance
specifications and instructions for using the Model
6426.

4-15. Installation of the Model 6426.

4-16. Ensure that ZERO CHECK is IM if power 1is
applied to Model 642. Open the INPUT slide cover
and install the Model 6426 on the remote head. Take
care not to touch either sapphire insulator with the
fingers or anything which could contaminate them.
Connect the black wire to the INPUT LO binding post
on the remote head. It is important to note that
the cover should be kept closed on the Model 6426
except when making connections to the circuit to be
tested. This is necessary to prevent contamination
of the sapphire insulator and to prevent light,
radiation, etc. from striking the input circuitry.

4-17. Connections for Voltage Measurements.

4-18. Uith the Model 642 in Zero Check, connect the
source to the Model 6426 as follows:

a. Connect source high to the sapphire-insulated
IMPUT post on the Model 6426.

b. Connect source Tow to IMPUT LO binding post on
the Model 6426.

4-1
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c. Employ guarding by connecting the short-
ing link between the GUARD and FEEDBACK binding
posts. Connect the supplied BNC-to-BNC coaxial
cable between the FEEDBACK connectors on the
Model 6426 and the remote head.

4-19. Connections for Current/Charge Measure-
ments.

4-20. With the Model 642 in Zero Check, connect
the source tc the Model 6426 as follows:

a. Connect source high to the sapphire-insu-
lated INPUT post on the Model 6426.

b. Connect source low to the INPUT LO binding
post.

c. Connect link between GUARD and INPUT 1O
binding post.

4-21. Connections for using External Feedback
Components.

4-22.With the Model 642 in Zero Check, cconnect a
user supplied external feedback component and
the source to the Model 6426 as follows:

a. Connect the external capacitor or feed-
back resistor between the FEEDBACK binding post
and the sapphire-insulated INPUT post on the
Model 6426.

b. Connect source high to the sapphire-insu~-
lated INPUT post.

c. Connect source low to INPUT LO binding
post.

d. Connect the supplied BNC to BNC coaxial
cable between the FEEDBACK connectors on the
Model 6426 and the remote head.

4-23. Performance Specifications of Model 6426.

a. Insulation Resistance. The input node in-
sulation resistance will be in excess of 10%

ohms.

b. Input Current Suitability. The 6426 sap-—
phire test box will permit use of the 642 elec-
trometer to its full sensitivity of 107 amperes.

c. External Source Capabilities. The 6426
sapphire test box external source connections

can be used with voltage sources up to 42V peak
and current sources of up to 1 amp. Note that
voltage potentials in excess of 10V can cause air
ionization which could be detected by the in-
strument as an input current.

4-24 . MODEL 6427-10. 10-FOOT INTERCONNECT CABLE.

4-25. The Model 6427-10 is a 10-foot interconnect
cable. This connects the mainframe to the remote
head in applications requiring their separation
up to 10 feet.

4-26. MODEL 6427-50. 50~-FOOT INTERCONNECT CABLE
WITH REMOTE SUPPLY.

ACCESSORIES

4-27. The Model 6427-50 is a 50-foot interconnect
cable with a Remote Supply. The Remote Supply
delivers the necessary power to the Remote Head
regardless of the voltage drop across the long
cable. The Remote Supply is powered from a 115V
or 230V AC line. Operating instructions for the
Model 6427-50 are included in the packing list
that accompanies the Model 6427-50. The Remote
Supply powers the +6 volt supply to make sure it
has adequate power to drive the relay circuitry.

4-28. MODEL 6427-150. 150-FOOT INTERCONNECT
CABLE WITH REMOTE SUPPLY.

4-29. The Model 6427-150 is the same as the Model
6427-50 except that the 6427-150 has a 150-foot
cable instead of a 50~-foot cable. It has a Remote
Supply and operates the same as the Model
6427-50.

4-30. MODEL 6428 BATTERY ADAPTER.

4-31.The optional Model 6428 Battery Adapter
permits operation of the Model 642 from an exter-—
nal 12 volt lead acid battery. The battery
adapter provides high and low voltage cutouts
and reverse polarity protection. The following
paragraphs provide installation instructions
for the battery adapter and describe important
considerations for operating the Model 642 on
battery power.

NOTE
Models 6422, 6423 and 6428 are mutually
exclusive. The use of one precludes the
use of the others.

2. Battervy Adapter TInstallation. The bat-
tery adapter components are mounted on a plate
which fits on the rear panel of the mainframe.
With the plate installed, the input protection
fuse and the two 5~way binding posts for connect-
ing the battery are accessible from the rear
panel of the mainframe. Electrical connections
to the Model 642 are made by a plug which mates
with a receptacle on the mainframe mother board.
Refer to Figure 4-2 and install the battery
adapter as follows.

WARNING
Disconnect the line cord before remov-
ing the mainframe top cover

1. Turn off the power and disconnect the line
cord.

2. Remove the four attaching screws and re-
move the top cover.

3. Remove the two screws and remove the plate
on the rear panel of the mainframe.

4. Insert the battery adapter circuit board
into the opening on the rear panel and install
the spacer with the 6-32 X 2-1/4” slot-head screw
furnished.

5. Attach the mounting plate to the rear
panel with the two 6-32 X 1/4” Phillips HKead
screws provided.
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6-32 x 2-1/4"
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FIGURE 4-2.

6. Connect plug J1011 to P1011 on the mother
board.

7. Reinstall mainframe top cover.

8. This completes the installation of the bat-
tery adapter. Select battery capacity and operate
in accordance with the following instructions.

9. NOTE:
input cormon.

The NEGATIVE battery connection is

b. Selection of Battery and Uiring. The wiring
used from the external battery to the battery
adapter should be AWG 16 gauge or greater current
capacity. AWG 16 is suitable for runs up to six
feet. The maximum input current to the Model 6428
is 1-1/4 amperes and the minimum recommended battery
capacity is 10 ampere hours, which will provide
approximately 8 hours of operation. The actual
selection of battery capacity is left to the user as
it will depend on whether the Model 642 is to be
operated on battery only or whether a battery
charging system will be used. Battery charging is
not furnished by Keithley but recommendations are
included in the Set-Up to Provide Stand-by Power
discussion (Paragraph d).

4-4
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c. Voltage Cutouts and Reverse Polarity Protec-
tion. High and low voltage cutouts are incorporated
into the Model 6428 in order to limit power dissipa-
tion of the 642 mainframe at one extreme and to
prevent erratic operation on the other. Normal
operation can be expected as long as the input
voltage is between 10.5 volts and 15 volts. Uhen a
voltage outside of this range is applied shut-down
of power to the Model 642 can be expected. The
specified 1imits where power shutdown is assured are
9 volts minimum and 17 volts maximum. Reverse input
polarity protection is provided by a high current
capacity diode which is connected across the input
terminals of the battery adapter such that it is
normally reversed biased. If the input leads to the

battery adapter are inadvertantly reversed, the
diode will be forward biased and the input pro-
tection fuse will open.

d. Set-Up to Provide Stand-by Power. As

described in the General Measurement Considerations
(Section 2), up to 24 hours settling time may be
required after power turn on tco obtain measurements
to the maximum sensitivity specified. This same
settling time would also be required for a momentary
interruption of power to the Model 642. Therefore,
if the experiments to be performed require making
measurements near the sensitivity limits of the
Model 642 and if a 24 hour settlinqg time would be
disruptive, it is recormmended that a stand-by power
system be used to prevent power interruption.
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The recommended configuration to insure continuous
power to the Model 642 consists of the battery
adapter, an external battery and a battery charging
circuit operating from line power. A constant cur-
rent type charger is recommended. A constant cur-
rent source should provide the maximum input current
required for the 642 (1.25A) plus the maximum con-
tinuous charge current recommended by the battery
manufacturer to maintain the battery at full charqe.
Then, if line current is interrupted, the battery
can take the full load of the 642 and prevent inter-
ruption of power for the time defined by its full
rated capacity. The only maintenance required for
this type of installation would be a periodic check
of the fluid level in the battery per the manufac-
turer's instructions.

In summary, the foreqoing configuration with the
Model 642 Tline cord disconnected is the only one
recormended for insuring that power to the Model 642
is not interrupted. A combination using Model 642
line power, the battery adapter, and an external
battery simultaneously is not recommended because it
is not possible to assure that Model 642 power would
be supplied by the line, rather than the battery.

4-32. MODEL 4801 INPUT CABLE.
4-33. The Model 4801 is a 4 foot BNC to BNC Tow
noise input cable.

NOTE

Both the 4801 and 4803 are suitable for
neasurements down to approximately
10-12p as well as unquarded voltage
measuremnents.

4-34. MODEL 4803 LOW NOISE CABLE KIT.
4-35. The Model 4803 Low Noise Cable Kit includes

50 feet of low noise coaxial cable, 10 BNC male con-
nectors and 5 BNC female chassis mount connectors.

ACCESSORIES

NOTE

Both the 4801 and 4803 are suitable for
neasurements down to approximately
10-12p as well as unquarded voltage
measurenents.

4-36. RACK MOUNTING.

4-37. Two rack mounting kits are available to mount
the Model 642 mainframe intc a MEMA standard 19-inch
rack or cabinet. Since the mainframe is half-rack
size, the Model 1007 Dual Rack Mounting Kit permits
nounting it side-by-side with another 3-1/2 inch
half-rack instrument. The Model 2000 Single Rack
Mounting Kit adapts the mainframe for installation
in half the rack and a blank panel is furnished for
the other half. If rack or cabinet mounting is
desired, order the applicable rack mounting kit and
install the mainframe in accordance with the
instructions shipped with the kit.

4-38. MODEL 6900 6-1/2 Digit DMM.

4-39. The Model 6900 extends the measurement capa-
bilities of the Model 64Z by allowing 6-1/2 digit
resolution when monitoring the most accurate output,
the FEEDBACK output of the remote head. The Model
6900 is also systems compatible and can interface
with other instrumentation utilizing the IEEE
Standard Interface Bus. To interface with the IEEE
Standard Interface Bus the Model 63900 neceds two
options. Option 50 Remote Proqrarming and Option 55
GPIB which is the General Purpose Interface Rus.

To Operate: Connect the FEEDBACK output of the
Remote Head to the input of the Model 6900. Use a
BHNC to BANAMA plug cable (not supplied).

For complete operating instructions refer to the

Model 6900 Instruction Manual (Keithley Part Mo.
28603).
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SECTION 5.

5-1. GENERAL.

5-2. This section contains block diagram and cir-
cuit descriptions for the Model 642 Electrometer and
the Model 6428 Battery Adapter. An overall block
diagram is provided in Figure 5-1 in this section.
Circuit descriptions are keyed to the Schematic dia-
grams contained in Section 7.

5-3. BLOCK DIAGRAM ANALYSIS.

5-4. The Model 642 Electrometer is partitioned into
2 remote head, mainframe and interconnect cable as
shown in Figure 5-1.

5-5. Contained in the remote head are the special
Tow input current MOSFET, its buffer amplifier and
the required feedback circuitry necessary to
generate all the instrument measurement functions.
In addition, the remote head contains the high
impedance switching actuators and input offset
voltage compensation circuitry. Operator controls
at the remote head are limited to a damping Tevel
control and two binding posts which permit, with a
shorting link removed, operation with a common mode
input voltage. (Recall that INPUT L0 must be main-
tained within 30 volts RMS of power line ground for
safety). A feedback output, which is the remote head
output signal, is also provided at a BNC connector.
A1l other controls as well as electrical power are
provided from the mainframe via an interconnect
cable. Signal input is via a special slide covered
connector located on top of the remote head. The
remote head is electrically alterable to perform two
basic functions. First, in one configuration it is
an ultra-high input impedance voltage buffer. In
the second arrangement it becomes a current-to-
voltage or charge-to-voltage converter. This output
voltage is then further processed by the mainframe.

5-6. Contained in the mainframe are the power sup-
ply for both the head and mainframe, a scaling
amplifier to provide the 0.1, 1, and 10 ranges and
an analog-to-digital converter along with its
digital LED display. Additionally, front panel
operator controls establish instrument function for
both mainframe and remote head. Analog outputs are
also provided and a power adapter option is avail-
able which will permit operation from an external 12
volt battery in addition to the AC power line. The
mainframe processes the head output signal, pro-
viding three voltage ranges to a 4-1/2 digit, two
volt A/D converter and to an analog output. This
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scaled signal is also fed to the second analog out-
put after being buffered by an amplifier with a gain
of 100.

5-7. Linking both mainframe and remote head is a
four foot interconnect cable. Connection is made
from the mainframe rear panel to the remote head
front panel. In addition to the standard four foot
cable supplied with each Model 642, optional 10
foot, 50 foot and 150 foot interconnect cables are
available. See Models 6427-10, 6427-50 and
6427-150 described in Section 4.

5-8. DETAILED THEORY OF OPERATION

5-9. Detailed circuit descriptions for the Mgde1
642 Electrometer and 6428 Battery Adapter are given
in the following paragraphs. These descriptions
are referenced to the Schematic Diagrams contained
in Section 7. The schematics which apply to the
642 Electrometer are 29653F (mainframe) and 29654E
(remote head). Schematic 29968D describes the
Model 6428. These drawings should be referred to
during the following discussions of circuit opera-
tion. The remote head circuits are treated first,
followed by the mainframe and battery adapter
circuits.

5-10. REMOTE HEAD CIRCUIT DESCRIPTION.
5-11. General.

5-12. As previously mentioned, the remote head
portion of the instrument can be configured as a
high impedance voltage follower or a feedback
amps/coulombs converter.

5-13. The remote head is mechanically partitioned
with most of the electronic components located on a
targe PC board at the bottom of the structure. The
input MOSFET (Q201) and temperature compensating
diode (CR201) are located on a separate board which
mounts to the side of the input guard tube. A1l of
the feedback elements, C101 thru C104 and R122
thru R124, along with zero-check, are mounted
radially around the input guard tube on two levels
above the main printed circuit board. Along with
these elements are the relay actuators, K102 thru
K107, with wiring running down the outside of the
structure to the main PC board. Contact to the
input node is made through holes in the input guard
tube by contact leads which are manipulated by the
relay actuators.
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FIGURE 5-1. Model 642 Electrometer Block Diagram
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5-14. Input MOSFET and Current Sources.

5-15. Q201 s the special low leakage MOSFET pair
which serves as the active input device. The
sources of this MOSFET pair are supplied by con-
stant current sources comprised of Q101, R106
thru R110, CR101, CR105, and VR10O4. VR104 provides
a voltage reference which is scaled by R108 and R109
to drive the bases of Ql0l. The level of the con-
stant current (approximately 500pA) 1is established
by this voltage across R106 and R107. CRIOl and
CR105 compensate the reference voltage to offset the
change, due to temperature, in Q101 base to emitter
voltage drop.

5-16. Input MOSFET Temperature and Offset
Voltage Compensation.

5-17. The 1input MOSFET is driven by the above
current sources through two c¢ircuit blocks which
serve to 1) compensate for offset voltage temper-
ature variations, and 2) cancel out initial offset
voltage. These circuit functions are situated
between Q201 and operational amplifier U101.

5-18. The first consists of CR201, R111 thru RI1l6,

positions 6 thru 10 of S101 and S102. Diode CR201
is positioned along with Q201 on the separate FET PC
board and effectively monitors its environmental
temperature. It is forward biased by one of the
constant current sources and its forward voltage
temperature coefficient used to cancel the voltage
offset temperature variation of Q201. . The diode
T.C. (temperature coefficient) is scaled down by
R111 thru R116. Switch contacts 6 thru 10 of S101
set the Tlevel of this scaling to meet the
compensation requirements of individual MOSFETs.
Since the diode T.C. is always one polarity, $102 is
required to transpose this circuit block between the
two sources of Q201 in order to compensate for
either polarity of compensation required by Q201.

5-19. The second circuit function consisting of

R117 thru R121, R136 and positions 1 thru 5 of S101
serves to cancel out not only the initial offset
voltage of Q201, but also the scaled down forward
voltage of CR201. Voltage Tevels are introduced by
opening a contact (1 thru 5) of Si01. The constant
current supplying the sources of Q201 thus generate
a constant voltage across the unshorted resistors.

5-20. The configuration for both of these compen-
sation circuit blocks will be unique for each MOSFET
{Q201) and will be predetermined by testing the
MOSFET in accordance with the established factory
procedure. The MOSFET and compensation diode
(CR201) are located on a separate PC board from the
balance of the circuitry. Thus, when a particular
MOSFET is dinstalled, S101 and S$S102 dre manually
programmed for it in compliance with the results
from this test procedure.

5-21. Zero Adjust.

5-22. Also included on the MOSFET PC board is
resistor R201 which is driven by a voltage con-
trolled current source comprised of U102, R140 thru
R144, and C108. A "zero adjust" voltage (0 to
approximately 6Vdc) is generated in the mainframe
and supplied to this circuit via the interconnect
cable. The circuitry converts this voltage source
to a current source to drive R201 which in turn

THEORY OF OPERATIONM

converts it back to a voltage which appears as an
offset voltage at Q201. In this manner the main-
frame front panel "zero adjust" control varies the
input offset voltage at Q201 over a small range.
This control is used to adjust out any resijdual
offset voltage missed by the compensation networks
previously mentioned and to permit compensation for
time drift in this parameter. A current source con-
figuration is required since Q201 is "boot-strapped"
in the voltage measurement instrument operation.
C108 provides noise rejection for the voltage con-
trolled current source. R202 prevents the gate of
Q201 from being "uncommitted" prior to installation
in the remote head. After installation it is
effectively shorted by K109.

5-23. Main Amplifier.

5-24. Operational amplifier U101 forms the gain
block of the remote head. Buffered by the MOSFET
pair Q201 and configured with various feedback
circuits, it performs the essential function of the
remote head. The positive power supply to both U101
and U102 is derived from R145, VR101, and Cl05 from
the +24V power supply. +24V is required by the
remote head to provide "head-room” for the current
sources which in turn drive the input MOSFET pair.
R137 thru R139 form an offset voltage nulling cir-
cuit for U101. A shorting socket (pin 1 to pin 2
and pin 3 to pin 4) placed in P1027 will perrnit this
adjustment independently of the MOSFET and its com-
pensation networks. Cl14 and C115 provide frequency
compensation around UI10l. VR102 and VR103 provide a
+16V output voltage clamp on the output of Ul10l.

5-25. Mode Selection.

5-26. As previously mentioned the remote head
operates in two basic modes, a "bootstrapped" vol-
tage buffer and a "feedback" amps/coulombs con-
verter. The circuit is configured into either of
these modes by relay K109. Energized by circuitry
consisting of CR102, Q102, and R149 and a voltage
command from the mainframe, the contacts of K109
orient the circuitry for voltage or current/charge
measurement modes. The apparent duplication of con-
tacts K109C and K1C98 are required to insure that
the drains of MOSFET Q201 are connected to analog
power ground while R201 and the MOSFET gate are con-
nected to signal common. The connection between
these is made at the mainframe. Also since K1098
contacts carry only the “zero adjust" current (50uA
max.} no extra offset voltage will be generated by
the total drain current (approximately 1mA) acting
on the contact resistance.

5-27. Feedback Network.

5-28. Feedback elements used in the current/charge
mode consist of air capacitor Cl0l and high meg
resistors R122 thru R125. The resistances convert
an input current to a voltage level while the air
capacitor time integrates the input current pro-
viding an output voltage proportional to charge.
€102 thru C104 serve to slow the response time and
to stabilize the circuit on the top three current
ranges (R122 thru R124). (€103 and Cl104 are scaled
down in effective capacitance by divider network
consisting of R132 thru R134. The feedback elements
are calibrated by potentiometers R126 thru R130.
The range of adjustment is limited by R131 to

5-3
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approximately 22%. Potentiometer R135 provides a
response adjustment for R125. The wiper of R135 fis
connected to the mounting clip for RI125. The
capacitance from the clip to R125 permits R135 to
adjust for a critically .damped response. C101, in
addition to being used to measure charge, can also
be used to add extra damping on the current ranges.
This is accomplished by -a "damping” command from the
mainframe through K108. The level of this addi-
tional damping can be adjusted from the remote head
front panel via potentiometer R148.

5-29. Feedback and Zero-Check Selection.

5-30. Relay actuators K102 and K107 are energized
under command from the mainframe by U104. These
actuators 1in turn switch in the various feedback
elements and actuate "zero check". Zero check
shorts the feedback elements in current/charge mode
and shorts the input in voltage mode. It is impor-
tant to note that a custom feedback element can be
connected from the FEEDBACK BNC to the Model 642
INPUT and selected by depressing EXT FDBK on the
mainframe front panel. Depressing EXT FDBK, places
K109 in the charge/current mode and disconnects the
internal feedback elements by de-energizing relays
K102 thru K106.

5-31. Zero-Check Hop Compensation.

5-32. One result of deactuating zero-check is the
injection of a small amount of charge (approximately
1014 coulombs). In volts and current this
would create only a transient response. However in
charge, this will result in a step output ("zero-
check hop") as the charge is collected on (C101.
This charge injection is compensated by a circuit
which consists of R101 thru R105, R150, R151, K101,
CR103, CR104, (€110, and U105. Function of the
“zero-check hop" compensator proceeds as follows:
During actuation of zero check, K101 is energized,
placing a small voltage across R105. This voltage
is also impressed across (113 which consists of a
small dnsulated conductor placed near the 1input
node. The Tlevel of this voltage is adjusted by
potentiometer R151. The range of adjustment is
Timited by R101 thru R104. Upon deactuation of
zero-check, a delay 1in de-energizing K101 is
developed by U105, R150, (€110, and CR104. After
K101 de-energizes the charge on Cl13 is dissipated
by R105. This charge ltevel on (113 is made equal
and opposite (by adjusting the voltage through the
use of R151) to the charge injection by the zero-
check contact opening, thus nulling its effect. It
is important that the action of the zero-check con-
tact occur prior to the compensation charge
injection.

5-33. Input Protection.

5-34. Input overload protection is provided by R152
and CR105. CR105 consists of gallium phosphide
diodes. These devices provide a low leakage path at
small input voltage burdens while clamping the
maximum voltage during input overloads. R152 serves
as a current limiting device durina overload.

5-35. Filtering and Decoupling of Remote
Head/Mainframe Interconnect Lines.

5-36. Cl06 and C107 are used as filters on the
+24V, -15V power supply Tines, insuring a low
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dynamic impedance for op-amps U101 and U102. RI146
and R147 serve as decoupling impedances between the
active circuitry of the head and mainframe and feed-
back (J1014) outputs. Capacitors Ci111, €112, and
C116 thru (127 provide decoupling on all signal
l1ines leaving or entering the remote head via inter-
connect cable plug P1015. J1027 and J1028 are
Tocated on the remote head front panel and permit
the ungrounding of the instrument for operation with
cormon mode input signals or to prevent ground loop
situations.

5-37. MAINFRAME CIRCUIT DESCRIPTIONS.

5-38. The 642 mainframe serves four basic purposes:
(1) function control, (2) scaling amplifier, (3)
analog-to-digital converter, and (4) power supply.
These four major circuit blocks and their associated
subcircuits are described below.

5-39. Function Control.

5-40. As previously mentioned, voltage commands
from the mainframe are applied to Q102 and U104 1in
the remote head to select the mode of operation,
feedback elements, damping and zero check. Main-
frame front panel switches S303, S304 and S305
supply these commands. With the exception of the
voltage mode cormmand (which is connected to digital
common when voltage mode is selected) +6V is used as
the command to select each function. It should be
noted that depressing one of the S303 switch
pushbuttons selects the desired function and
mechanically rejects the previously selected S303
pushbutton. This rejection feature is how the EXT
FDBK pushbutton works. With all other S303
pushbuttons out, the head 1is placed in the
current/charge mode without a feedback element being
selected. This allows a user supplied element to
be used as previously described. There are also
provisions provided for remote sensing of the
selected function and range. Each of the switches
S302 thru S305 connect digital common to a pin on
J1015 when selected. J1015 is a pad pattern where
the wuser can install a 14-Pin DIP connector and
custom wiring to remotely sense the selected
function and range of the 642. The connector and
wiring provisions are left to the user.

5-41. Additional control circuitry in the mainframe
can be described as follows: U301 along with R301,
R302, C301, and front panel potentiometer R404 pro-
vide the zero adjust voltage which in turn regulates
the voltage controlled current source in the remote
head. The voltage reference circuit which includes
U304, R325 thru R330, R335, and reference diode
VR305. R325 calibrates TP-6 to 1.00000V DC which is
the reference for the analog-to-digital converter.

5-42. Scaling Amplifier.

5-43. The scaling amplifier is a circuit block
comprising R303, R305 thru R118, U302, Q301, Q302,
VR301, VR302, VR310, VR311l, (€302, and C303. The
three feedback networks around U302 provide gains of
0.1, 1, 10 which are used in the 10, 1 and 0.1
ranges respectively. Potentiometers R309, R312, and
R314 calibrate these three ranges. S303B switches
in R305 and R307 during the "coulombs" function thus
doubling each of the gains. This compensates for
the fact that the remote head feedback capacitor is
20pF and enables the circuit to read coulombs
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directly. Potentiometer R305 calibrates this gain
doubling. R316 thru R318 comprise a network which
permits the cancellation of the input offset voltage
of U302. €302 provides a level of input noise
rejection. Feedback capacitor (303 sets the
response time for the three range selections.
VR310 and VR311l 1imit the input voltage during the
"coulombs” function. This s required by the
special overrange circuit during operation in the
"10" range. This point will be discussed with the
special overrange circuitry later in this section.
Q301 and Q302 provide input overload protection for
U302. VR301 and VR302 protect the output of U302
from excess voltage applied at the 1 vol1t/10,000
count analog output. R319 serves as a current
Timiting device. These two diodes also protect the
A/D converter from input overloads. (320 filters
noise eminating from the A/D converter input.

5-44. An additional analog output, 1V/100 counts,
is provided by U303, R320 thru R324, R346, (319,
VYR303, and VR304. R320 is used to null the input
offset voltage of U303. C319 serves the same func-
tion as (320. VR303 and VR304 protect U303 from
excessive voltage at the analog output with R324
providing current limiting. R333 serves as a fuse
in the event that a voltage is applied to the analog
output common with respect to circuit common.

5-45. Analog-To-Digital Converter.

5-46. The next major circuit block s the
analog-to-digital converter. This circuitry con-
sists of U305, U306, CR305 thru CR308, €314 thru
€316, and R336 thru R338. This is a dual slope
technique providing a 4-1/2 digit multiplexed BCD
output and a 21.9999 volt input voltage span. The
A/D timing sequences are controlled by a 100kHz
clock circuit consisting of U3078, R331, R332, Y301,
and C304. The clock also provides a timing signal
for the battery adapter.

5-47. The multiplexed A/D output is used to drive
the display circuitry consisting of U313, U401,
U402, R401 thru R403, Q401, and DS401 thru DS406.
U402 decodes the BCD to seven segment and drives the
LED display segments through R402. The digit sig-
nals are buffered by U313 and applied to the digit
driver U401. This combination of circuitry
effectively decodes and displays the A/D output.

5-48. Q401 and R403 provide drive to the "+"
display while U401 and R401 to the "-" display.
0303, R342, and R343 comprise an inverter which is
placed in the polarity signal line from the A/D con-
verter. This is switched in on the "volts" function
to compensate for the scaling amplifier polarity
inversion. It is not needed for current or coulombs
since the remote head also provides a cancelling in-
version on these functions. The appropriate decimal
point indication is provided through R344 via range
switches S302A thru C.

5-49. Between the A/D converter and the display is
a block of circuitry consisting of U307, U309 thru
U312, R339, R341, CR309, and C317. This circuitry
provides leading zero suppression on the display and
generates a special overrange display on the 10X
range. Normal overrange occurs at 19,999 counts on
the A/D and results in a flashing "0000" display.
The special overrange on "10X" occurs at 10.999
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counts and results in a- flashing "88.888" display.
During the use of the special overrange the normal
overrange must not be activated. This is the reason
that VR310 and VR311 are vused to Tlimit the
“coulombs” input signal.

5-50. Power Supply.

5-51. Both the remote head and mainframe receive
power from a power supply located in the mainframe.
This circuitry consists of F301, S306, S307, T301,
CR301 thru CR303, €305, C307 thru C313, €318, and
VR306 thru VR3092. The supply can be configured, via
$306 and $307, to function from four ac 1ine voltage
ranges to provide four regulated dc output voltages,
+6Vdc, +24Vdc, and £15Vdc. In addition, the supply
will interface via P1011 to the 6428 battery adapter
which will power the instrument from a 12Vdc exter-
nal battery. The power switch, $301, is located on
the low voltage side of T30l to eliminate both the
necessity of a 250Vac rating for $301, and the run-
ning of 250Vac printed circuit wiring from the back
to the front of the instrument. F301 provides pro-
tection for instrument malfunctions resulting in
excessive power supply currents.

5-52. MODEL 6428 BATTERY ADAPTER

5-53. The Model 6428 is an optional accessory that
provides for operation of the Model 642 Electrometer
from a 12Vdc automotive battery. The Model 6428
consists of a single printed circuit board that con-
tains two major circuit blocks, a +6V input supply
and a dc-to-dc converter. These circuits are des-
cribed below and are shown in Schematic 299680 con-
tained in Section 7.

5-54. +6V Regulator Input Supply.

5-55. Power for the 6-volt regulator in the 642 is
supplied to Pin 8 of J1011 direct from the battery
{J101) through Q101 and CR101. Thus, as Tong as the
applied battery voltage is between 10.5V and 15V
{guaranteed operating range of 6428) the voltage
supplied to Pin 8 will follow the voltage applied to
J101 less the forward voltage drop of CR101 and the
saturation voltage of Q101. Using the specified
worst case for these devices, the voltage supplied to
pin 8 would be -2.5V below battery voltage.

5-56. In order te 1limit power dissipation in the
642 mainframe at one extreme and to prevent erratic
operation on the other, it is necessary that this +6
volt regulator supply cut out. below a preset "low
cutout" value and above a preset "high cutout”
value. These specified values for the 6428 are 9V
as the "low cutout" minimum and 17V as the "high
cutout” maximum. The cutout circuit consists of two
micro-power voltage comparators (U101 and U102),
transistor Q102 and associated resistors (R120, R122
and R102 thru R109). The circuit is arranged so
that Q101 cuts off when Q102 conducts. Q102, in
turn, is turned on by U101 (high cutout) and U102
{Tow cutout). Since the 6428 1is guaranteed to
operate between 10.5 and 15V, a 0.4 volt hysteresis
margin has been incorporated into the design to
assure that erratic operation does not occur near
cutout. Thus, the low cutout can vary from 9 to
10.1V and the high cutout from 15.4 to 17V. Reverse
polarity protection is provided through CR103 and
F101. F101 will open if power 1is improperly
applied, or if current is excessive due to a circuit
malfunction.

5-5
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5-57. DC-to-DC Inverter.

5-58. A dc-dc power converter supplies +19V and
+30V. Input voltage to the inverter is regulated by
Q103 and Q104. (Reference for the regulator is the
current from the regulated +6Vdc through R112).
Feedback is accomplished through CR115, R123, VR1O1,
and €C110. Capacitor C103 and resistor R110 quaran-
tee dynamic stability. The -19V supply serves as
the sense voltage for the regulator. The power con-
verter is. a driven-type oscillator operating from
the 642 A/D clock, supplied at pin 1. This signal, a
100kHz square wave of approximately 6V p-p amplitude
(CMOS source), is divided by 4_to obtain a 25kHz
square wave by Ul03. The O and Q outputs each drive

5-6
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a complementary pair of predriver transistors, Q105
and 106, and Q107 and 108. These predrivers provide
current gain and supply base drive for the oscil-
Tators Q109 and Q110. Capacitive coupling assures a
reverse bias for Ql09 and Q110 to facilitate
switching. CR104 and CR105 clamp this reverse bias
to -.7V. Q109 and Q110 drive T101 which supplies
all necessary output voltages, rectified by
CR106-113. The converter circuit will only operate
when +6 volts is applied to pin 3. This 6 volts
supplies bias to regulator transistor Q104 as well
as power to U103 and the predriver transistors.
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SECTION 6.

6-1. GENERAL.

6-2. Because of special hangling, expertise, and
equipment that is not readily available on the com-
mercial market, it is strongly recommended that the
642 be sent back to the factory for service and/or
calibration. The calibration cycle of the 642 is 6
months.

6-3. This section contains information that is
needed to calibrate, troubleshoot and replace parts
that are considered replaceable outside of the
factory.

6-4. CALIBRATION PROCEDURE.

6-5. Because of the interactiog between the various
circuit blocks in the 642, the calibration procedure
can be divided into four sections.

a. Zero Calibration.

b. Voltage Calibration.
c. Current Calibration
d. Charge Calibration.

Perform the following procedures and make the
adjustments indicated to calibrate the Model 642
Electrometer. The "300" series cal pots are located
in the mainframe and the "100" series cal pots are
lTocated in the remote head.

6-6. Calibration Covers.

6-7. In order to calibrate the 642, calibration
covers are needed for both the mainframe and the
remote head. The covers are necessary in order to
maintain proper internal temperatures while making
the calibration adjustments. The calibration covers
are not available as an option from Keithley and
must be built. Figures 6-4 and 6-5 provide the
information necessary to build the Cal Covers.

6-8. Environmental Conditions.

6-9. Calibration should be performed under labora-
tory conditions, in a clean room environment, having
an ambient temperature of 25°C x1°C and a relative
humidity <40%.

6-10. Initial Conditions.
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6-11. With the calibration covers installed, turn
on the 642 and allow it to thermally stabilize for
four hours 1in the clean room environment.  Make
certain that the remote head is placed bottom side
down on a clean surface during warm-up.

6-12. 10-7A Current Source.

6-13. The following is a sgggested method for
generating an accurate 107/A current source
required to calibrate the 10-8a current range of
the 642,

a. Mount the Model 6426 Sapphire Test Box (Item A
Table 6-1) on to the 642 remote head. Connect the
10M2, 0.1% resistor (Item J) from the EXTERNAL
SOURCE HI binding post to the INPUT binding post,
and connect a wire from the EXTERNAL SOURCE LO
binding post to the INPUT LO binding post. Connect
the black wire that is attached to the test box, to
the INPUT LO binding post on the remote head. (See
Figure 6-1.) Close the 1id of the test box.

b. Apply +1.0000V to the EXTERNAL SOURCE input of
the Sapphire Test Box using the DC Calibrator (E).

. This setup will supply the 642 with an accu-
rate 107/A input.

6-14. 10-9A, 10-10a, and 10-11A Current Sources.

6-15. The following is a_ suggested _method for
generating accurate 1077, 10‘10, and 107=A currTTt
sources Eequired to calibrate the lO'lOA, 107+4A
and 107125 current ranges. A ramp generator, when
used with precision 100pF and 1000pF capacitors
(Items 3 and C), will supply the necessary pre-
cise current levels.

6-16. Ramp Generator Characteristics.

a. The ramp generator must provide two ramps,
#0.1V/sec and #1V/sec.

b. The ramp should change polarity at approxi-
mately plus and minus 11V.

¢. The ramp duration on the 0.1V/sec range is
approximately 3.6 minutes, and the ramp duration on
the 1V/sec range is approximately 20 seconds.

d. The ramp generator must have a total accuracy
of 0.1% or better.

6-1
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TABLE 6-1
Recommended Test Equipment for Calibration

ITEM | DESCRIPTION MFR. MODEL
A Sapphire Test Box Keithley | 6426
B 100pF Air Capacitor, 0.01%* Gen Rad 14038
C 1000pF Air Capacitor, 0.01%* Gen Rad 1403A
D DMM, 5-1/2 Digit, 0.01% Keithley | 191
E DC Calibrator Fluke 341A
F BNC to Airline Cable Gen Rad 776-9702
G BNC Input Adaptor Keithley | 6424
H Airline Input Adaptor Keithley | 6425
1 100Ke Resistor, 0.1% (Built into a shielded

test fixture) - -
J 10MQ Resistor, 0.1% - -
K Oscilloscope (General purpose type with

0.2V/div and 100ms/div ranges) - -
L Ramp Generator (Build to specifications

contained in Paragraph 6-16)

*The basic accuracy of the Gen Rad caps is 0.1%. These capacitors will
have to be trimmed to .01% for calibrating the current ranges.

MODEL 642
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FIGURE 6-1. 10-7A Current Source Using Model 6426 Sapphire Test Box
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§-17. Current Source Circuitry.

2. The two precision capacitors, when combined
with the ramp generator, will provide the currents
Tisted in Table 6-2.

b. Figure 6-2 shows how the ramp generator and
capacitors should be connected to the 642.

c. The current generated can be calculated by
applying the formula:
I = C dv/dt where
Current
Capacitance
change in voltage/second

Y —

<

dv/dt

For example:

= 100pf, dv{gt = .1V/sec ;
= 100 x 107%%F x .1v/s = 10 x 10-12yF/s

Since charge (Q) is equal to CV and I = dQ/dt

Than I = 10 x 10-12yF/s = 10-114

MAINTENANCE

TABLE 6-2
10-9A, 10~104 and 10-11A Current Sources

Ramp Generator
C Qutput I Time
100pF 0.1V/Sec 10-114 | 3.6 min
1000pF 0.1V/Sec 10-104 | 3.6 min
1000pF 1V/Sec 10792 | 3.6 min

6-18. Recommended Test Equipment.

6-19. Recommended test equipment for calibration is
Tisted in Table 6-1. Alternate test equipment may
be used. However, the accuracy of the alternate
test equipment must be at least 5 times better than
the Model 542 specifications.

6-20. Zero Calibration.

a. Connect the OMM (Item D) to the FEEDBACK
connector on the remote head and set the DMM for
2Vdc.

b. Remove the remote head cal-cover, and short
the U101 test connector (P1027) pins 1 to 2 and 3 to
4.

O— { } -O Input
Ramp Gen. 642 Gen Rad
o- O to Air Cap
1403
100pF or 1000pF
(8,C)
Ramp
Generator (L) (F) U Airline
0.1V/sec BNC to Airline Cable ——1— Input Adaptor
or 1V/sec (H)
642

Remote Head

FIGURE 6-2. 1079, 1010, and 10-11A Current Sources Circuitry

6-3



MAINTENANCE

¢. Adjust R138 for a DMM reading of .0Q000V
+10UV.

d. Leaving the jumper wires connected, rein-
stazll the cal-cover on the remote head.

e. ZERQO CHECK the 642 and set the 0.1X RANGE,
and VOLTS function.

£. Adjust R317 for a .00000 #1 digit reading
on the 642 display.

g. Connect the DMM to the 1V/100 COUNTS ANA-
LOG OUTPUT. Adjust R320 for a DMM reading of
0.000V £2mv.

h. Remove the jumper wires from inside the
remote head and reinstall the calibration cover.

6-21. Voltage Calibration.

a. ZEROC CHECK the 642 and set to the 0.1X
RANGE and VOLTS function.

b. With the calibration cover installed on
the mainframe, monitor TP-6 with respect to IN-
2UT LO, using the DMM (D).

c. Adjust R325 to achieve a +1.0000V £100uV
reading on the DMM.

d. Remove the DMM from the circuit.

e. Use the front panel ZERO ADJUST knob to
zero the 642 display and apply +.19000V to the
INPUT of the 642 using the DC Calibratoxr (E).

f. Release ZERO CHECK and adjust R314 to
achieve a 642 display reading of +.19000f1
digit.

g. ZERO CHECK the 642 and set to the 1X
RANGE.

h. Apply +1.8000V to the INPUT of the 642 us-
the DC Calibrator. ZERO ADJUST the 642 dis-
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i. Release ZERO CHECK and adjust R312 to
achieve a 642 display reading of +1.8000V #1
digit.

j. ZERO CHECK the 642 and set to the 10X
RANGE.

k. Apply +10.000V to the INPUT of the 642 us-
ing the DC Calibrator. ZERO ADJUST the 642 dis-
play.

1. Release ZERO CHECK and adjust R308 to
achieve a 642 display reading of +10.000 =1
digit.

6-22. Current Calibration.

6-23. To calibrate the Model 642 current sources
of 1077A, 107°a, 107*A and 10772, that are at least
.2% accurate, are necessary. Because current
sources with this high level of accuracy are not
readily available on the commercial market, spe-
cial equipment and circuits may have to be built.
Paragraphs 6-12 thru 6-17 detail suggested
equipment and circuitry that can be used to gen-
erate the necessary precise current levels.

a. ZERO CHECK the 642 and set to the 10X
RANGE and 107°A CURRENT function.

b. Apply 1072 to the INPUT of the 642 and
ZERO ADJUST the display-

c. Release the ZERO CHECK and adjust R127 to
achieve a 642 display reading of 10.000 £10 dig-
its.

d. ZERO CHECK the 642 and set to the 1072
CURRENT function.

e. Apply 107°A to the INPUT of the 642 and
ZERO ADJUST the display.

£. Release the ZERO CHECK and adjust R128 to
achieve a 642 display reading of 10.000 £10 dig-
its.

g. Repeat the above steps for the 10792, and
107*°2 CURRENT functions referring to Table 6-3.

TABLE 6-3
Current Calibration

642 Settings Applied | Adjustment | 642 Display

Range | Current |Damping | Current Point Reading
10X 107%a MIN R127 10.000%104a
10X 107 MIN R128 10.000x104
10X 1072 VAR 1072 R129 10.000%108
10X 107 VAR 107A R130 10.000£1048
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6-24. Charge Calibration.

a. ZERO CHECK and ZERQO ADJUST the 642, and set to
the 10X RANGE and CHG function.

b. Set up the circuit shown in Figure 6-3, and
set the DC Calibrator (E) to OV.

c. While monitoring the FEEDBACK output with the
DMM (D), release the ZERQO CHECK and step the DC
Calibrator to +1.0000V.

d. Adjust R305 for a 642 display reading of -2
times the DMM display reading within 1 digit.

e. ZERO CHECK and ZERQO ADJUST the 642, and set
the DC Calibrator to OV.

f. Release the ZERQ CHECK and record the 642
display reading (zero check hop).

g. Step the DC (Calibrator to +1.0000V and adjust
R126 for the following computed 642 display reading:

{+10.000) + (recorded zero check hop) equals the
desired 642 display reading 210 digits.

txample: Zero check hop of -.003
(+10.000) + (-.003) = +9.997 =10d

Adjust R126 for a 642 display reading of +9.997 104

MAINTENANCE

h. Repeat steps e thru g to confirm calibration.
Readjust R126 if necessary.

6-25. 1% Settling Time Adjust.

6-26. The 1% Settling Time can be adjusted using an
oscilloscope that has a differential amplifier.

ai ZERQO CHECK the 642 and set to the 10X RANGE,
10-125 CURRENT function, and MIN DAMPING.

b. Connect the Oscilloscope (Item K) to the
1V/10000 COUNTS ANALOG OUTPUT of the 642 and to the
DC Calibrator (E) as shown in Figure 3-2
(Performance Verification).

c. Set the Differential Amplifier of the scope
for a gain of 10mv/div and 20ms/div.

d. Apply 107114 to the INPUT of the 642.

e. Release the ZERO CHECK and adjust R135 for a
1% settling time of 0.75 seconds.

6-27. Zero Check Hop Adjust.
a. ZERO CHECK and ZERO ADJUST the 642, and set to

the 1X RANGE, CHG function and INPUT open (slider
cover closed).

Gen Rad
Air Cap
14038
100pF
(B)

Airline Input

Adapt H
b 100K BNC to Airline I I //////// aptor (H)
Calibrator r:;
(E) (D Cable (F)
642
Shield Remote Head
e T T T T 1
l [ Feedback
L 00— ANVWNA—] Input
' l |=—o0 Inpu db
by SR
Calibrator : 642
— 0= —5 o Lo
DMM
(D)

FIGURE 6-3. Charge Calibration Circuit
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Table 6-4

MODEL 642

Mainframe Test Point Data

ITEM

REQUIRED CONDITION

REMARKS

-1

TP-2

TP-3

P-4

TP-5

TP-6

TP-7

TP-11
TP-12

TP-13
TP-14
TP-15

TP-16

=23V z10%

Read Display

+23V £10%

+13V  £10%

10.0V DC +5%

1.0000V
6.26V MIN 6.44V MAX

OV to 6.4V (Zener Voltage)

1volt/10,000 counts

Stored Auto Zero Voltage
+35V  £10%

100KHz

Pulse "ON" and "OFF" for
display to pulse 88.888

Input volitage to the -15V
regulator

Output of the X100 Analog
output

Input voltage to the +15V
regulator

Input voltage to the +6V
reguiator

Output of U304 in the
voltage reference circuit

1 volt reference voltage

The zener voltage in the
voltage reference circuit

Zero Control output Spans
from Zero volts to the
zener voltage

Remote Head Analog Qutput

Comparator Input Integra-
tor OQutput

Stored Auto Zero Voltage

Input voltage to the +24V
regulator

Clock Output
Buffer Input to U305

Lamp Test for U401 which

is the BCD to seven segment
latch decoder driver. This
provides overrange in the
X10 range.

Blanking Input for U401.
This input is used for
Teading zero suppression
and during X10 range over-
range.

b. Release ZERO CHECK and note the zero check hop
(a sudden change in reading followed by a slow drift

in either polarity).

c. Adjust R151 so that

check hop is

repeatedly less than 5 digits on the 642 display.

6-28. TROUBLESHOOTING.

6-29. The troubleshooting instructions contained in
this section are intended for qualified personnel
having a basic understanding of analog and digital
electronic principles and components used in preci-
sion electronic test instruments. Instructions have
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been written to assist in isolating the defective
circuit. Isolation of the defective component has

been left to the troubleshooter.

Paragraph 6-47

defines which components are replaceable in the
field. Instruments with defective non-replaceable
parts should be sent back to the factory for

servicing.

6-30. Power Supplies.

6-31. In general, start troubleshooting by checking
that the proper voltage levels are being supplied to
the electronic components. Voltage test pad loca-
tions are indicated on the mainframe and remote head
PC-Boards. The +6 volt, +15 volt, -15 volt and +24
volt supplies should be accurate to #5%. Reference

voltage measurements to Input Lo.

6-32. Line Power. If line power is being used, and

a problem exists with the supplies,

following:

check the

a. Check 1ine fuse (F301l) for continuity.

b. Make sure the line switches (S306 and $307)
are set to the correct incoming Tine voltage.

c. Check TP1, TP3, TP4, and TP12 per Table 6-4
for correct voltage levels. These are the input

voltages to the power supply regulators.

6-33. Battery Adapter. If problems exist with the
battery adaptor circuitry, troubleshoot utilizing

the technical information provided

in Section 5,

Theory of Operation, Paragraphs 5-52 thru 5-58.
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6-34. Isolating Defective Circuitry.

6-35. Defective circuitry can be isolated by
checking signal Tevels at strategic locations in the
642. An incorrect signal level present at the FEED-
BACK connector would indicate that the problem lies
in the remote head. An incorrect signal level pre-
sent at the 1V/10,000 COUNTS ANALOG OUTPUT suggests
that the problem Ties within the Scaling Amplifier
circuitry (U302). If the signal levels present at
these two locations check out good, the problem Ties
in the A/D Converter or Display circuitry. Utilize
the Test Point Data in Table 6-4 and 6-5 to further
identify faulty components/circuitry.

6-36. Zero Check Does Not Function.

a. Mainframe. Check pin B of J/P1003 for 6V
while the instrument is in ZERO CHECK and OV when
not in Zero Check.

b. Remote Head. Check pin 6 of Ul04 for the
same conditions as Step a.

¢. Remote Head. Check pin 2 referenced to pin 3
of J/P1021 for 6V while the 642 is in ZERQ CHECK and
OV when not in ZERO CHECK.

d. Proper responses for a thru ¢ would indicate a
faulty ZERO CHECK actuator assembly.

6-37. Lack of Zero Control Adjust.
a. Mainframe. In the “Zero Control" circuit,

check TP-8 for a swing of 0 to 6.4 volts with the
ZERO ADJUST control.

Table 6-5
Remote Head Test Point Data

ITEM

REQUIRED CONDITION

REMARKS

TP-1
REFERENCED
To
TP-3

24y
REFERENCED
To
TP-2

TP-4

TP-5

TP-7
REFERENCED
To
TP-6

0.55V to 0.65V

3.1V =0.2v

A delayed zero check
signal

75mV MAX (If remote head
is not in overrange)

TC MOSFET compensation
diode

Emitter bias voltage for
constant current sources
0101, R106, and R107

Output of Zero Check Hop
Compensator

It is the reset of U105.
It is also Zero Check.

MOSFET aVgs

(Vos) (differential gate
to source voltage). Q201
(TG-134).

6-7
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b. Remote Head. Check the ZERQ test point for 0
to 6.4 volts.

C. Remote Head. In the "Zero Adjust Voltage To
Current Converter" circuit, check pins 3 to 4 of
J/P1026 for a swing of approximately 0 to 10mV with
the ZERQ ADJUST control.

d. Proper responses for Steps a thru c would
indicate that the problem is in the balance of the
instrument circuitry.

6-38. Excessive Zero Check Hop.

6-39. If zero check hop cannot be properly adjusted
with R151, check the operation of U501 and the
associated "Zero Check Hop Compensator” circuitry.
Continued improper operation would indicate faulty
operation of the Zero Check Actuator.

6-40. Specific Range Does Not Function.

6-41. If zero check is 0K, but the instrument over-
ranges for inputs on the CHARGE and CURRENT func-
tions, troubleshoot by following the command signals
from the mainframe to the appropriate relay actuator
in the remote head.

6-42. Instrument Overranges Regardless of Control
Settings.

6-43. Verify that the problem is in the remote
head, by checking that the voltage level at FEEDBACK
is greater than 11 volts, and check the following
components and related circuitry.

a. U101 - Main Amplifier.

b. K109 - Volts function relay.

C. S102 - Temperature Compensation polarity
switch (set at factory or when replacing FET card).

d. Q201 - Input MOSFET.

e. CR105 - Protection Diodes for Q201.

f. Q101 - Current Source circuitry.

g. Feedback element relay actuators
6-44. Current Source (Q101) Checkout.

a. The voltage drop across R106 should be equal
to the voltage drop across R107 and should be
approximately 3.17V.

b. Measure TP-1 referenced to TP-2 for approxi-
mately 0.55 to 0.65V.

Cc. Measure TP-6 referenced to TP-7 for <75mV.

6-8
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d. If step ¢ is > 75mV the MOSFET assembly will
have to be replaced.

NOTE

Tests in Steps ¢ and d are valid only if
the remote head output is not overranged.
Should this not be the case, place
instrument din "External Feedback” and
ground input and make this measurement.
Should the constant current source,
temperature and offset networks and K109
be operating properly, then the MOSFET
assembly requires replacement.

6-45. Protection Diode (CR105) Checkout.

a. Remove CR105 from the remote head as explained
in Paragraph 6-50.

b. Using a Current Source, apply ImA accross the
diode, with the compliance voltage set for 20V.

c. Using an electrometer voltmeter (Zin>10109)
and verify that the voltage drop across the diode is
between 5 to 13V.

d. Reverse the polarity of the 261 and repeat
steps b and c.

6-46. NON-REPLACEABLE PARTS.

6-47. The following parts are not replaceable out-
side of the factory because of special handling
requirements, special expertise in replacing and
adjusting critical assemblies, and special parameter
matching that can only be done at Keithley.

a. Individual components of the MOSFET card and
cable assembly.

b. Feedback elements, their relay actuators, and
metal work in the head.

6-48. REPLACEABLE PARTS.
6-49. The following are replaceable parts:

a. Fully tested MOSFET card and Protection
Diode.

b. A1l "normal" electronic components on PC
boards or chassis panels in the head and mainframe.

¢. The 4-foot interconnect cable and its component
parts.

d. Desiccant Paper.
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6-50. MOSFET Card and Protection Diode
Replacement.

NOTE

The remote head must be opened in a clean
room environment with <40% relative humi-
dity to prevent contamination. Special
care must be taken not to touch the compo-
nents on the MOSFET card, the sapphire
insulator, the Protection Diode insulator,
and parts in and around the input tube
assembly.

a. Disconnect all cabling and input adapters fronm
the 642 remote head.

b. Place the remote head upside down and remove
the four screws from the bottom. Remove the plas-
tic base and bottom cover from the remote head.

c. Disconnect all the cable connections on the
remote head PC-board (note where each connector
belongs for reinstallation).

d. Loosen the four screws securing the PC-hoard
to the head assembly. These screws are held to the
bC-board by rubber "0" rings. There is a green
Tugged ground wire positioned under one of the
screws which will have to be moved out of the way.

e. Remove the PC-board from the remote head.

f. Turn the remote head right side up and remove
the four screws securing the side panel to the
remote head.

g. Remove the four allen screws holding the Input
Stider Cover Assembly and remove it from the remote

head.
1{:}; CAUTION

The sapphire insulator is now exposed.
DO NOT TOUCH.

h. Remove the panel assembly from the remote
head.

i. Turn the remote head upside down and remove
the Input Tube Cover that is secured by three
screws.

NOTE

Provide support so that input connector
spring is not disturbed.

j. Remove the two screws securing the MOSFET card
to the side of the Input Tube. Gently pull the card
outward to disengage the MOSFET lead from the Input
Node.

k. The Protection Diode (CR105) is secured to the
Input Tube by the Diode Retainer plate. Remove the
two screws holding the retainer plate to the Input
tube and remove it from the head. Gently pull the
diode outward to disengage the diode lead from the
Input Node.

MAINTENANCE

1. The new MOSFET card assembly comes with
instructions for setting the voltage and temperature
compensation switches, located on the remote head
PC-board (S101 and S102). Set these switches before
reinstalling the bottom cover.

m. Reverse the above procedures to put the remote
head back together.

NOTE

Proper alignment is essential when rein-
stalling the Input Siider Cover Assembly.
Attach the assembly Joosely onto the head
using the four allen screws. Pull back
the slider and install ar Input Adapter
Connector. Press .down firmly on the
adapter until it seats properly into the
head casting. Release the slider making
sure it engages into the Adapter body.
Tighten down the four retaining screws.

6-51. Interconnect Cable.

6-52. The 1individual components of the 4-foot
interconnect cable can be found in the cable
assembly drawing (29815C) located in Section 7,
Replaceable Parts.

6-53. Remote Head PC-Board Removal.

6-54. The PC board in the remote head can be
removed for servicing by following the instructions
in Paragraph 6-50, Steps a thru e.

6-55. Desiccant Paper Replacement/Reactivation.

6-56. When the desiccant indicator approaches 40%,
the desiccant paper should be replaced or reacti-
vated if the instrument is required to operate at
its rated input bias current. The remote head
should only be opened in an environment with <40%
relative humidity.

&. Disconnect all cabling and input adapters from
the 642 remote head.

b. Place the remote head upside down and remove
the four screws from the bottom. Remove the
plastic base and bottom cover from the remote head.

c. The desiccant paper is secured to the bottom
panel by the indicator assembly. Remove the large
hex nut and washer to remove the desiccant paper.

d. If replacing the paper, install one new sheet
onto the bottom cover. To reactivate the old paper,
place in an oven at 121°C (250°F) for 15 minutes,
and reinstall onto the bottom cover.

NOTE ~
When placing in oven, be sure that desic-
cant is supported in such a manner as to
provide air circulation around both
sides.

e. Reinstall the bottom cover and base plate onto
the remote head.

6-9
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MAINTENANCE
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SECTION 7.

7-1. GENERAL.

7-2. This section contains information for ordering
replacement parts. The Replaceable Parts Lists are

arranged 1in alphabetical order of the circuit
designations of their components. Table 7-1 lists
the components of the 642 mainframe. The remote

head components are listed in Table 7-2 and Table
7-3 1ists the components of the Model 6428 Battery
Adapter. A cross- reference list of manufacturers,
including their addresses, is given in Table 7-4.

7-3. ORDERING INFORMATION.
7-4. To place an order or to obtain information
concerning replacement parts contact your Keithley
Representative or the factory. See the inside front
cover for addresses. When ordering, include the
following information:

a. Instrument Model Number

b. Instrument Serial Number

c. Part Description

d. Circuit Designation (if applicable)

e. Keithley Part Number
7-5. FACTORY SERVICE.

7-6. If the instrument is to be returned to the
factory for service, please photocopy and complete

REPLACEABLE PARTS

REPLACEABLE PARTS

TABLE 7-1

the Service Form which follows this section and
return it with the instrument.

7-7. SCHEMATICS.

a. The Model 642 mainframe circuits are shown in
Schematic 29653E, Page 7-15.

b. The Model 642 remote head circuits are shownin
Schematic 29654E, Page 7-17.

c. The Model 6428 battery adapter circuits are
shown in Schematic 29968D, Page 7-19.

d. The Model 6426 Sapphire Insulated Test Box
circuits are shown in Schematic 30105C, Page 7-23.
7-8. COMPONENT LAYOUTS.

a. Model 642 Mainframe, PC-481, Component Layout
Number 29718D, Page 7-16.

b. Model 642 Remote Input Head, PC-480, Component
Layout Number 29793D, Page 7-18.

c. Model 6428 Battery Adapter, PC-494, Component
Layout Number 29971D, Page 7-20.

d. Model 642 Display Board,
Layout Number 29708C, Page 7-21.

PC-482, Component

e. Model 642 FET Board, PC-479, Component Layout
Number 29797A, Page 7-22.

f£. Model 642 Interconnect Cable, Number 29815C,
Page 7-24.

Replaceable Parts List
PC-481 - Schematic 29653E

Circuit Schematic PC-Board Mfr. | Mfr. Keithley
Desig. Description Location Item No./lLocation | Code | Desig. Part No.
€301 .01uF, 18V, CerD C1 2/01 CLB UK16-103 C-232-.01
€302 L01uF, 16V, CerD ce 2/02 CLB UK16-103 €-238-.01
€303 SuF, 100V, Pcly F 01 4/01 P8 43098505K C-294-5
€304 100pF, 100QV, CerD 63 5/C2 CLR DD-101 €-64-100p
€305 2200uF, 16Y, ETT F4 6/33 CAL £SD220016-1 €-290-2200
€306 ilot Used
£307 22uF, 10V, Tant 04 8/82 SIE N2202310M €-180-22
£308 470uF, 35v, ETT F5 9/33 NIc 35ELALT0 C-289-470
2309 10uF, 20V, ETT G5 10/C3 7T TAPAIOQLFK20 C-179-10
{
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TABLE 7-1
Replaceable Parts List
PC-481 - Schematic 29653E
(Continued)

Circuit Schematic PC-Board Mfr. Mfr. Keithley

Desig. Description Location Item No./Location| Code Desig. Part No.
€310 470uF, 35V, ETT F6 11/83 fHIc 35ELALT0 C-289-470
€311 10uF, 20V, ETT 6 12/C3 7T TAPALOLFK20 C-178-10
c312 470ufF, 50V, ETT G7 13/C4 MNIC S50ELA470 C-292-470
€313 10uF, 35V, Tant G7 14/C3 SIE D10GS2C35M C-170-10
€314 4ufF, 100V, Poly F K1 15/C3 PB 43098504K C-294-4
C315 .22uf, 50V, Poly P L1 16/C3 LUES 32MPL C-269-.22
C316 1uF, 100V, Poly F K2 17/C3 P B 4309C105 C-294-1
€317 -.01uF, 16V, CerD 14 18/05 CL8 UK16-103 €-238-.01
€318 4.7uF, 35V, AL Fé 19/83 ITT TAPA4 . 7uFK20 C-179-4.7
€319 .01pF, 18V, CerD F2 20/82 CLR UK16-103 C-238-.01
€320 -01uF, 16V, CerD Gl 21/81 CLB UK16-103 C-238-.01
CR301 Bridge Rectifier, 100V, 2A Fa4 23/84 EDI PD10 RF-36
CR302 8ridge Rectifier, 400V, 1A F5 24/84 £0I PF40 RF-46
CR303 Bridge Rectifier, 400V, 1A F6 25/84 EDI PF4Q RF-46
CR304 ﬂot Used
CR305 Rectifier, 75mA, 75V Ll 27/D3 T-1 114148 RF-28
CR306 Rectifier, 75mA, 75V Ll 29/D3 T-1 114148 RF-28
CR307 Rectifier, 75mA, 75V L2 30/03 T-1 114148 RF-28
CR308 Rectifier, 75mA, 75V L2 31/n3 T-1 144148 RF-23
CR309 Rectifier, 75mA, 75V M5 32/05 T-1 1114148 RF-28
0s401 Digital Display =1 K8 5/82 G-1 MANB690 0D-21
DS402 7 Segment Digital Display K8 6/82 G-1 MANG690 N0-20
0S403 7 Segment Digital Display K8 7/82 G-1 MATIS690 nN-20
DS404 7 Segment Digital Display K8 8/C2 G-1 HAN6630 DD-20
DS405 7 Segment Digital Display L8 g/C2 (-1 MATNE690 No-20
05406 7 Seqment Digital Display L8 10/02 6-1 MANGE90 nn-20
F301 Fuse, SLO-BLO, 1/4A/250V/3AG ng -- L-F 313.250 FU-17
F301 Fuse, SLO-BLO, 1/8A/250\.//3AG ne -- L-F 313.125 Fy-20
J1001 ilot Used
J1002 4 pin housing B1 -- BRG 65039 CS-371-4
J1003 8 pin housing B3 - 8RG 55039 €sS-310
J1004 5 pin housing 85 - MOL 2139-5 (5-287-5
J1005 3 pin housing Ci -- BRG 65039-034 Cs-270
J1006 3 pin housing 07 - MOL 2139-2 €S-287-3
J1o07 3 pin housing G1 -- BRG $5039-034 €s-270
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TABLE 7-1
Replaceable Parts List
PC-481 - Schematic 29653E

(Continued)
Circuit ] Schematic PC-Board MPr ] Mfr. Keithley |
Desig. Description Location Item No./Location ! Code Desig. Part No.
J1008 B8inding Post, Red Gl -- HHS 1517 BP-11-2
J100¢% B3inding Post, Black 61 -- HHS 1517 8P-11-0
51010 3inding Post, Red 4 -- HHS 1517 3p-11-2
J1I011 ot Used
Ji0i2 20 pin Connector J7, J8 22/E4 M 34213000 C$-297-20
J10%3 14 Pin DIP Connector P2 49/D4 - -- S0-70
JiliE ‘ot Provided P7 -/D4 - -
P1001 19 pin, Non-Hermetic B1 -- CAN MS-3102£22-14P- | CS-370-1
A105
P1002 4 pin, Connector 81 36/D2 BRG £5507-136 £S-339-4
P1003 8 pin, Connector B3 37/p1 BRG 65507-136 £S-339-8
p1004 5 pin, Molex Connector 85 38/83 MOL A-2391-5A CS-288-5
P1005 3 pin, Connector C1 39/01 BRG 65507-136 CS$-339-3
P1006 3 pin, Molex Connector D7 40/A4 MOL A-2391-3A €$-288-3
P1007 3 pin, Connector Gl 41/81 BRG 65507-136 £S-339-3
P1008 Not Used
P1009 Mot Used
P1010 Mot Used
P1011 7 pin, Modified CS-288-8 H3 45/C4 K-I -- 30109
P1012 20 pin J7, J8 46/E4 MMM 3492-2002 C$-368-20
P1013 ot Used
P1014 AC Receptacle D8 - TOu Cs-254 CS-254
0301 N-Chan, JFET c2 51/02 INT 1TE4392 TG-77
Q302 M-Chan, JFET €2 52/02 INT 1TE4392 TG-77
Q303 HPN Switch Js 53/03 MOT 2N3904 TG-47
R301 12Ke, 5%, 1/44, Carb F B1 57/D2 MEP CR25* R-76-12K
R302 100e, 5%, 1/44, Carb F 81 58/D2 MEP CR25* R-76-100
R303 8660, 1%, 1/84, MtF B2 59/D2 PRP *x R-88-866
R304 flot Used
R305 50, 10%, Cermet Trimmer c2 61/E2 BRM 3386F-1-500 RP-97-50
R306 8.09Ke, .1%, 1/10W, MtF c2 62/02 TRU MAR-5* R-263-9.09K
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TABLE 7-1
Replaceable Parts List
PC-481 - Schematic 29653F

MODEL 642

(Continued)
Circuit Schematic PC-Board Mfr.  Mfr. Keithley
Desig. Description Location Item No./Location | Code Desig. Part No.
R307 7.39KQ, 1%, 1/10W, MtF c2 63/02 TRW MAR-5* R-263-7.39K
R308 270K, 5%, 1/4W, Carb F 01 64/D2 MEP CR25* R-76-270K
R309 50K, 10%, 1/10W, MtF D1 65/03 BRM 3386F-1-503 RP-97-50K
R310 1.002Ke, .1%, 1/10W, MtF D2 66/D2 TRY MAR-5* R-263-1.002K
R311 9.98Ke, .1%, 1/104, MtF D2 67/D2 TRY MAR-5* R-263-9.98K
R312 50Q, 10%, Cermet Trimmer 02 68/E2 BRN 3386F-1-500 RP-97-50
R313 99.8Ke, .1%, 1/10UW, MtF 02 69/D2 TRW MAR-5* R-263-99.8K
R314 5009, 10%, Cermet Trimmer D2 70/E2 BRN 3386F-1-501 RP-97-500
R315 1.2k, 5%, 1/44, Carb F 03 71/D3 MEP CR25* R-76-1.2K
R316 Mo, 1%, 1/8U, MtF D3 72/D3 PRP *x R-88-1M
R317 100Ke, 10%, Cermet Trimmer D3 73/03 BRN 3386F-1-104 RP-97-100K
R318 209, 1%, 1/8U, MtF D3 74/D3 PRP ** R-88-20
R319 iKe, 1%, 1/2W, MtF Gl 75/C2 DLE MFE* R-84-1K
R320 100Ke, 10%, Cermet Trimmer g2 77/C1 BRN 3386F-1-104 RP-97-100K
R321 1.2Ke, 5%, 1/44, Carb F F2 78/C2 MEP CR25* R-76-1.2K
R322 9.9Ke, .1%, 1/84, MtF F2 79/C2 DLE MFF* R-168-9.9K
R323 100, .1%, 1/8W, MtF F2 80/C2 DLE MFF* R-168-100
R324 1Ke, 1%, 1/24, MtF G2 81/C2 DLE MFF* R-94-1K
R325 508, 10%, Cermet Trimmer H1 82/D1 BRN 3386F-1-500 RP-97-50
R326 Selected Resistor H1 83/C2 K-1 -- 27699
R327 402e, 1%, 1/10W, MtF H1 84/D2 TRY MAR-5%* R-263-402
R328 8060, 1%, 1/8U, MtF H1 85/C2 PRP *x R-88-806
R329 3.65Ke, 1%, 1/8W, MtF Jl 86/C2 PRP *%* R-88-3.65K
R330 6.49Ke, 1%, 1/8W, MtF Jl 87/C2 PRP ** R-88-6.49K
R331 22Me, 10%, 1/44, Carb F G3 88/C3 MEP CR25* R-76-22M
R332 47k, 5%, 1/4U4, Carb F G3 89/C3 MEP CR25* R-76-47K
R333 100, 5%, 1/4W, Carb F Gl 90/81 MEP CR25* R-76-100
R334 Mot Used
R335 2.15Ke, .1%, 1/10W, MtF H1 92/92 TRY MAR-5* R-263-2.15K
R336 100Ke, 5%, 1/44, Carb F L1 93/D3 MEP CR25* R-76-100K
R337 33Ke, 5%, 1/4W, Carb F L2 94/D3 MEP CR25* R-76-33K
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TABLE 7-1
Replaceable Parts List
PC-481 - Schematic 29653E
{Continued)

Circuit Schematic PC-Board Mfr. | Mfr. Keithley
Desig. Description Location Item No./Location | Code | Desig. Part No.
R338 270Ke, 5%, 1/44, Carb F L2 95/D3 MEP CR25* R-76-270K
R339 68Ke, 5%, 1/4W, Carb F M4 96/05 MEP CR25* R-76-68K
R340 100Ke, 5%, 1/4W, Carb F M5 87/D5 MEP CR25* R-76-100K
R341 100Ke, 5%, 1/4l, Carb F L7 98/C5 MEP CR25* R-76-100K
R342 1Ko, 5%, 1/44, Carb F Jé 39/03 MEP CR25* R-76-1K
R343 10Ke, 5%, 1/44, Carb f J5 100/D03 MEP CR25* R-76-10K
R344 1209, 5%, 1/4u, Carb F J8 101/03 MEP CR25* R-76-120
R345 tot Used
R346 649K, 1%, 1/8U, MtF £2 103/C1 PRP ** R-88-649K
U301 Op-Amp, 8-pin DIP Cl 117/02 F-1 UgT7741393 1C-42
U302 Ultra-Low Offset Voltage

Op-Amp D3 118/03 PMI 0p-07t£P 1C-207
U303 Frequency Compensated

Op-Amp F2 119/C1 INT 1756423 1C-97
U304 Op-Amp, 8-pin DIP Jl 120/01 F-1 U9T7741393 1C-42
U305 4-1/2 Digit Analog Processor L1 121/03 INT 80524 LSI-12
U306 4-1/2 Digit Logic Processor L3 122/C4 INT T103 LSI-11-1 or

LSI-11-3

U307 Dual D-Type Flip-Fiop

14-pin DIP M5, M6 123/D4 RCA CD4013A3 1C-103
U308 flot Used
U309 Dual 4-Input MNOR Several 125/D4 T-1 TP4002 IC-105
U310 4011 CMOS UnBuffered Several 126/D4 MOT MC1l4011cp 1C-102
u3ll Triple 3 Input 1IOR Several 127/04 MOT MC140258P 1C-208
U3iz Quad 2-Input AND,

14-pin DIP Several 128/p4 RCA CD4081BE 1C-138
U313 Hex Buffer J7 129/D4 MOT MC14050CP I1C-107
u3la Quad 2-Input MNOR,

14-pin DIP N3 130/D3 RCA CD4001AE 1€-108
U401 Segment Drive M8 18/E2 MOT 4511 IC-168
U402 Digit Driver J7 18/€2 T-1 75492 1C-169
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TABLE 7-1
Replaceable Parts List
PC-481 - Schematic 29653E

MODEL 642

(Continued)

Circuit Schematic pPC-Board Mfr. | Mfr. Keithley
Desig. Description Location Item No./Location | Code | Desig. Part No.
VR301 Diode, Zener E3 132/03 MOT 1N751 DZ-59
VR302 Diode, Zener E3 133/03 MOT 1N751 DZ-59
VR303 Diode, Zener G2 134/C2 MOT 1751 DZ-59
VR304 Diode, Zener G2 135/C2 MOT IN751 DZ-59
VR305 Diode, Zener H1 136/C2 MOT 1N4577 DZ-58
VR306 3-Term Positive Voltage

Regulator G4 137/82 F-I nA7806KC IC-211
VR307 3-Term Positive Voltage

Regulator G5 138/C3 MOT MC-7815CP 1C-96
VR308 +15V, 3-Term, LO-Power G6 139/C3 MOT MC7915CT 1C-174
VR309 +24V, Positive Voltage

Regulator G7 140/C3 Ftl wA78M24C 1€-210
VR310 Diode, Zener c2 141/E3 DIC IN754A DZ-50
VR311 Diode, Zener 74 142/E3 DIC 1M754A DZ-50

Replaceable Parts List
PC-482 - Schematic 29653t

Q401 MNPN Switch J7 12/A2 MOT 2N3904 1G-47
R401 120@, 5%, 1/4W, Carb F J7 14/83 MEP CR25* R-76-120
R402 . Thick Film M8 15/02 K-1 -- TF-89
R403 120@, 5%, 1/4W, Carb F J7 16/A2 MEP CR25* R-76-120
R404 50K, 5%, 24, Pot Cl 17/F2 BRN * RP-115-50K

*Manufacturers Designation Includes Part Description (e.g. CR25, 12K, 5%, 1/4i, Comp. for R301)

**Manufacturers Designation is GP 1/4, 1%, +100, Resistance Value
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TABLE 7-2
Replaceable Parts List
PC-480 - Schematic 29654E
Circuit Schematic PC-Board Mfr. | Mfr. Keithley
Desig. Description Location Item No./Location | €ode | Desig. Part No.
ci0l Air Capacitor, 20pf A6 * - -- 29765
cio2 33pF, 500V, Polystyrene 36 il CLB CPR-33p C-138-33p
€103 5pF, 200V, Polystyrene c6 x% MAL SX-550 C-31-5p
C104 gpF, 200V, Polystyrene coé ** MAL SX-550 C-31-5p
€105 10pF, 20v, ETT J3 7/C5 ITT TAPATOuFK20 ¢-179-10
€106 10uF, 35V, Tant J2 8/C4 SIE 010652C35M C-178-10
C107 10uF, 20V, ETT K4 9/84 ITT TAPA1OLFK20 C-179-10
c108 1uF, 50V, Cer Ja 10/83 ERI 8131M050 €-237-1
€109 33pF, 15V, Tant M5 11/85 NCI DNS336B015KR C-228-33
€110 .05pF, 50V, Polycarbd L8 12/83 ECI 6258145034 C-201-.05
Clil 1500pF, 250V, Mono, Cer,
Network Several 13/84 ACI 02320 C-302-1500p
Cllz 1500pF, 250V, Mono, Cer,
Network Several 14/84 ACI 02320 C-302-1500p
Ci13 Not Used
C114 01uF, 16V, CerD H2 16/84 CL8 UK16-103 C-238-.01
€115 .01yF, 16V, CerD H3 17/84 cL3 UK16-103 €-238-.01

*C101 is fastened to the capacitor
**(C102, €103, C104 are shunting the

s 1011 ¢ respectively.

bracket which is fastened to the top plate of the remote input head.
Hi Meg Resistors 10¢, 10!

CR101
CR102
CR103
CR104

CR106

Rectifier, 75mA, 75V
Rectifier, 75mA, 75V
Rectifier, 75mA, 75V
Rectifier, 75mA, 75V
Rectifier, 75mA, 75V
BNC

22 pin housing

Mini PV

1 pin Socket

1 pin Socket

3 pin housing

3 pin housing

4 pin housing

4 pin housing

4 pin housing

Fl
K5
K8
M8
F1
p3
Ml
c4
£5
£6
Several
Several
Several
Several

Several

19/C4
20/85
21/83
22/83
23/C4
-/B&
-/C3

T-1

T-1

AMP
BRG
BRG
BRG
BRG
BRG
BRG
BRG
BRG
BRG

1N4148
114148
1N4148
1N4148
1N4148
31-221
€S-335-22
75691-5
75315-001
75315-001
65039-034
65039-034
65039-089
65039-089
65039-089

RF-28
RF-28
RF-28
RF-28
RF-28
€s-15
(S-335-22
CS-236
S0-85
S0-85
€s-270
€s-270
Cs-371-4
Cs-371-4
CsS-371-4




REPLACEABLE PARTS MODEL 642
TABLE 7-2
Replaceable Parts List
PC-480 - Schematic 29654E
(Continued)

Circuit Schematic PC-Board Mfr. | Mfr. Keithley
Desig. Description Location Item No./Location | Code | Desig. Part No.
J1025 4 pin housing Several -- BRG 65039-089 Cs-371-4
J1026 8 pin housing G5 -- 8RG 65039C Cs-310
J1027 Binding Post, Black M2 -- HHS 15178L BP-11-0
J1028 Binding Post, Green M2 - HHS 1517GR 8pP-11-5
P1015 19 pin, Hermetic, MS-3102E

flot Provided Several -- CAN -22-14P-ATV5 €s-370-2
P1016 11 nin, Right Angle {1 26, 27/84 BRG 65532-136 CS-362-11
P1017 1 pin, Right Angle ca 28/C3 BRG 65532-136 Cs-362-1
P1018 Not Used
Pi019 Not Used
P1020 6 pin, Right Angle Several 31/83 BRG 65532-136 CS-362-6
p1021 6 pin, Right Angle Several 32/83 BRG 65532-136 CS-362-6
Pl022 8 pin, Right Angle Several 33/D3 BRG 65532-136 £s-362-8
p1023 8 pin, Right Angle Several 35/D5 BRG 65532-136 CS-362-8
p1024 8 pin, Right Angle Several 36/C5 BRG 65532-136 CS-362-8
P1025 8 pin, Right Angle Several 34/03 BRG 65532-136 CS-362-8
P1026 8 pin, Right Angle Several 37/C5 BRG 65532-136 CS-362-8
P1027 4 pin, Connector He 38/84 BRG 65507-136 CS-379-4
Q101 Monolithic PNP, Dual El 49/C4 A-D AD820 TG-121
Q102 PNP, Silicon K5 50/A5 G-E 2M3906 TG-84
R101 39.2Ke, 1%, 1/84, MtF 83 53/C3 PRP ** R-88-39.2K
R102 7.15K@, 1%, 1/84, MtF 83 54/C3 PRP *x R-88-7.15K
R103 100K, 1%, 1/8u, MtF C3 55/C3 PRP *x R-88-100K
R104 4.75Ke, 1%, 1/8U, MtF c3 56/C3 PRP *x R-88-4.75K
R105 Me, 1%, 1/84, MtF B4 57/B3 PRP ** R-88-1M
R106 6.336Ke, .1%, 1/8i, MtF El 58/D4 DLE MFEF* R-168-6.336K
R107 6.336Ke, .1%, 1/8U, MtF El 59/D4 DLE MFE™* R-168-6.336K
R108 4.99Ke, .1%, 1/84, MtF Fl 60/D4 DLE MFF* R-176-4.99K
R109 4.99Ke, .1%, 1/8W, MtF Fl 61/04 DLE MFF* R-176-4.98K
R110 7.15Kq, 1%, 1/8W, MtF F2 62/05 PRP *x R-88-7.15K
R111 32.4Ke, 1%, 1/84, MtF D2 63/D4 DLE MFF* R~168-32.4K

7-8



REPLACEABLE PARTS

MODEL 642
TABLE 7-2
Replaceable Parts List
PC-480 - Schematic 29654f
(Continued)

Circuit Schematic PC-Board Mfr. | Mfr. Keithley
Desig. Description Location Item No./Location | Code | Desig. Part No.
R112 1.62Ke, 1%, 1/84, Mtf 02 64/D4 DLE | MFF* R-177-1.62K
R113 8062, 1%, 1/8U, Mtf D2 65/D4 DLE | MFE* R-177-806
R114 4020, 1%, 1/84, Mtf 02 66/D4 DLE | mMFF* R-177-402
R115 2009, 1%, 1/84, MtF 03 67/04 nLE | MEF¥ R-177-200
R116 100Q, 1%, 1/84, MtF 03 68/D3 pRP *x R-88-100
R117 1620, 1%, 1/84, MtF D4 69/D3 DLE | MFF* R-177-162
R118 80.60, 1%, 1/8l, MtF Da 70/03 OLE | MFF* R-177-80.5
R119 40.29, 1%, 1/84, MtF D4 71/03 DLE | MFF* R-177-40.2
R120 200, 1%, 1/8U, MF 05 72/03 PRP o R-88-20
R121 20, 10%, Cermet Trimmer D5 73/C3 BRN | 3386F-1-200 RP-97-20
R122 108a, +0, -20%, 1/24, Filn 86 - DLE | MB1* R-270-108
R123 1019, +0, -20%, 1/24, Film c6 -- DLE | Mms1* R-270-1010
R124 1011g, +0, -20%, 1/24, Film D6 -- oLE | ms1* R-270-1011
R125 1012, +0, -20%, 1/24, Film 06 -- DLE | ms1* R-270-1012
R125 200Ke, 10%, Cermet Trimmer 87 77/D3 BRN | 3386F-1-204 RP-97-200K
R127 200Ke, 10%, Cermet Trimmer 87 78/D4 BRN | 3386F-1-204 RP-97-200K
R128 200Ke, 10%, Cermet Trimmer c7 79/D4 BRN | 3386F-1-204 RP-97-200K
R129 200Ke, 10%, Cermet Trimmer 07 80/D4 BRN | 3386F-1-204 RP-97-200K
R130 200Ka, 10%, Cermet Trirmer 07 81/D3 BRN | 3386F-1-204 RP-97-200K
R131 140K, 1%, 1/84, MtF 88 82/¢c3 PRP *ox R-88-140K
R132 28.7KQ, 1%, 1/8W, MtF £7 83/c4 PRP o R-88-28.7K
R133 9.09Ke, 1%, 1/8M, MtF £8 84/ca PRP *x R-88-9.09K
R134 6.04Ke, 1%, 1/8M, MtF £8 85/C4 PRP o R-88-6.04K
R135 200Ke, 10%, Cermet Trimmer 07 86/C3 BRIL | 3386F-1-204 RP-97-200K
R136 301q, 1%, 1/84, MtF £a 87/03 DLE | MFF* R-177-301
R137 9.09Ka, 1%, 1/8M, Mtf J2 88/c4 pRP o R-88-9.09K
R138 5K, 10%, Cermet Trimmer 33 89/C5 BEC | sgp+ RP-89-5K
R139 9.09Ke, 1%, 1/8U, MtF J3 90/C4 PRP *ox R-88-9.09K
R140 7.32ke, .1%, 1/8u, MtF K4 91/84 DLE | MFF* R-168-7.32K
R141 1279, .1%, 1/8i, MtF Ha 92/84 DLE | MFF* R-168-127K
R142 7.32ke, .1%, 1/84, MtF H5 93/83 DLE | MFF* R-168-7.32K




REPLACEABLE PARTS MODEL 642
TABLE 7-2
Replaceable Parts List
PC-480 - Schematic 29654E
(Continued)

Circuit Schematic PC-Board Mfr. | Mfr. Keithley
Desig. Description Location Item No./Location | Code | Desig. Part No.
R143 118kKe, .1%, 1/84, MtF H5 94/83 DLE MFF* R-168-118K
R144 9.09Ke, 1%, 1/84, MtF J5 ’ 95/83 PRP kel R-88-9.09K
R145 330@, 10%, 1/24, Comp K2 96/C5 A-B EB* R-1-330
R146 49.9¢q, 1%, 1/84, MtF L3 97/C4 PRP b R-88-49.9
R147 1Ke, 1%, 1/8W, MtF L3 98/C4 PRP el R-88-1K
R148 100Ke, 20%, 3/44, Variable CUSLAYSB104A-

Carb Cer P4 CTS 100K RP-118-100K
R149 470Q, 5%, 1/44, CarbF L5 100/85 MEP CR25* R-76-470
R150 2.2Me, 10%, 1/4U, CarbF L8 101/83 MEP CR25* R-76-2.2M
R151 200Ke, 10%, Cermet Trimmer B3 102/C3 BRN 3386F-1-204 RP-97-200K
R152 100Ke, 1%, 1/2W, MtF c5 DLE MFF* R-94-100K
*Manufacturers Designation Includes Part Description (e.g. MFF, 6.336K 1/84 MF, for R107).
**Manufacturers Designation is GP1/4, 1%, T100, Resistance Value.
Uiol Op-Amp, Monolithic JFET H3 124/85 NAT LF-356A 1C-209
uio2 Integrated Circuit Op-Amp H4 125/84 F-I LM307N 1C-61
y103 Not Used
U104 High Voltage, High Current

Transistor Array Several 127/84 SIG ULN2003A IC-206
U105 Timing Logic, 8-pin DIP K8 128/83 SIG NE555U 1C-71
VR101 Silicon Voltage Regulator

Diode J3 129/C5 Dic 1IN967A Dz-35
VR102 Diode, Zener J3 130/84 TEL IN718 Dz-18
VR103 Diode, Zener J3 131/84 TEL 1N718 DZ-18
VR104 Diode, Zener Fl 132/D4 MOT 1N4577 DZ-58

Replaceable Parts List
PC-479 - Schematic 29654t

CrR201 Rectifier, 75mA, 75V F5 7/- T-1 1N4148 RF-28
PC-479 Input FET Card -- -- K-I PC-479 30845
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REPLACEABLE PARTS

MODEL 642
TABLE 7-3
Replaceable Parts List
PC-494 - Schematic 29968D

Circuit Schematic PC-Board Mfr. Mfr. Keithley
Desig. Description Location Item No./Location | Code Desig. Part No.
€101 1pF, 50V, Cer D2 4/05 ERI 8131M50 C-237-1.0
CiOZ 22uF, 35V, EAL £1 5/D5 7T TAPA/22uFK20 C-179-22
€103 1.2ufF, 35V, EAL E2 6/C5 17T TAPA/1.2uFK20 C-179-1.2
c104 4.7ufF, 35V, EAL D4 7/D4 7T TAPA/4 .7TuFK20 C-179-4.7
€105 4.7uF, 35V, EAL DS 8/DA 17T TAPA/4.7uFK20 C-179-4.7
C106 10uF, 35V, TANT g4 9/t4 SIE D10GS/2C35M C-170-10
cio7 10uF, 35V, TANT £5 10/e4 SIE D10GS/2C35M €-170-10
cio8 10uF, 35V, TANT £S 11/E4 SIE D10GS/2C35M C-170-10
€109 22pF, 35V, EAL D4 12/04 77 TAPA/22uFK20 C-179-22
C110 4.7uF, 35V, EAL E3 13/E4 ITT TAPA/4 . 7TuFK20 C-179-4.7
Cil1 1uF, 50V, Cer B2 14/E5 ERI 8131M50 €-237-1.0
CR101 Rectifier, 1A, 800V Al 17/E5 MOT 1N4006 RF-38
CR102 Rectifier, 1A, 800V E2 18/D5 MOT 1N4006 RF-38
CR103 Rectifier, 3A, 50V F2 19/C4 MOT MR-501 RF-34
CR104 Rectifier, 75mA, 75V D4 20/D4 T-1 1N&148 RF-28
CR105 Rectifier, 75mA, 75V D4 21/D4 T-1 1M4148 RF-28
CR106 Rectifier, 75mA, 75V £4 22/D4 T-1 1N4148 RF-28
CR107 Rectifier, 75mA, 75V £4 23/E4 T-1 1N4148 RF-28
CR108 Rectifier, 75nmA, 75V g4 24/E4 T-1 1N4148 RF-28
CR109 Rectifier, 75mA, 75V £E4 25/E4 T-1 1N4148 RF-28
CR110 Rectifier, 75mA, 75V £4 26/E4 T-1 1N4148 RF-28
CR111 Rectifier, 75mA, 75V Ed 27/E4 T-1 1N4148 RF-28
CR112 Rectifier, 75mA, 75V £S 28/E4 T-1 1N4148 Rf-28
CR113 Rectifier, 75mA, 75V £S5 29E4 T-1 1N4148 RF-~28
CR114 Rectifier, 75mA, 75V D3 30/D5 T-1 1N4148 RF-28
F101 Fuse, 1.5A, 250V, 3AG Fl 35/84 L-F 31201.5 FU-8

J101 Binding Post, Red Fl 37/C5 HHS 1517 BP-11-2

(Color)
3102 Binding Post, Black F2 38/C4 HHS 1517 8P-11-0
(Color)

J1011 3 Pin Housing Al 41/G3 MOL 2139-8 CsS-287-8
Qiol pNP, Darlington Al 44/E5 MOT MPS-U95 TG-133
Q102 PP, Switch B2 45/E5 MOT 2N3906 TG-84
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REPLACEABLE PARTS MODEL 642
TABLE 7-3
Replaceable Parts List
PC-494 - Schematic 299680
(Continued)
Circuit Schematic PC-Board Mfr. | Mfr. Keithley
Desig. Description Location Item No./Location | Code | Desig. Part No.
Q103 PMNP, Darlington E2 46/C5 GE D45E] 1G-127
Q104 NPN, Amplifier D3 47/05 T-1 | 2N3904 TG-47
0105 NPN, Switch C4 48/04 T-1I 2N3904 TG-47
Q106 PNP, Switch ¢4 49/D4 MOT 2N3906 TG-84
Q107 PNP, Switch o 50/D4 MOT 2N3906 TG-84
Q108 NPN, Switch C5 51/D4 T-1 2N3904 TG-47
Q109 MPHN, Switch D4 52/C4 MOT MJES21 TG-124
Q110 NPN, Swtich D5 53/C4 MOT MJES21 TG-124
R101 10Ke, 5%, 1/4W, Carb F B2 57/E5 MEP CR25* R-76-10K
R102 10Ke, 5%, 1/4W, Carb F B2 58/€5 MEP CR25* R-76-10K
R103 10K, 5%, 1/4u, Carb F B2 59/E5 MEP CR25* R-76-10K
R104 10Ke, 5%, 1/44, Carb F c2 60/E5 MEP CR25* R-76-10K
R105 44.2ke, 1%, 1/84, MtF [pr4 61/D5 PRP ** R-88-44.2K
R106 3.16Ke, 1%, 1/84, MtF c2 62/D5 PRP ** R-88-3.16K
R107 4.53Kka, 1%, 1/8\, MtF 03 63/05 PRP ** R-88-4.53K
R108 820K, 5%, 1/4W, Carb F c2 64/D5 MEP CR25* R-76-820K
R109 1.8Ma, 5%, 1/44, Carb F C3 65/D5 MEP CR25* R-76-1.8M
R110 10k, 5%, 1/4W, Carb F D2 66/C5 MEP CR25* R-76-10K
R111 10K, 5%, 1/44, Carb F D2 67/D5 MEP CR25* R-76-10K
R112 10Ke, 5%, 1/44, Carb F c3 68/05 MEP CR25* R-76-10K
R113 10K, 5%, 1/44, Carb F D3 69/D5 MEP CR25* R-76-10K
R114 NOT USED
R115 33@, 5%, 1/4W, Carb F D4 71/b4 MEP CR25* R-76-33
R116 33, 5%, 1/44, Carb F D5 72/D4 MEP CR25* R-76-33
R117 10e, 5%, 1/44 Carb F F4 73/E4 MEP CR25* R-76-10
R118 10q, 5%, 1/44, Carb F F5 74/E4 MEP CR25* R-76-10
R119 10q, 5%, 1/4W, Carb F F5 75/E4 MEP CR25* R-76-10
R120 15K, 1%, 1/8W, MtF D2 76/D5 PRP *x R-88-15K
R121 1Ke, 5%, 1/44, Carb F 03 77/95 MEP CR25* R-76-1K
R122 1K@, 5%, 1/4W, Carb F Cl 78/E5 MEP CR25* R-76-1K
R123 1.5Ke, 5%, 1/4U, Carb F E3 79/E5 MEP CR25* R-76-1.5K
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MODEL 642 REPLACEABLE PARTS

TABLE 7-3
Replaceable Parts List
PC-494 - Schematic 29968D

(Continued)
Circuit Schematic PC-Board Mfr. | Mfr. Keithley
Desig. Description Location Item No./Location | Code | Desig. Part No.
T101 Transformer, Inverter ES 80/D4 K-1 -- TR-172
U101 1.1V Micro-Power Detector c2 82/05 K-1 -- 1C-177
Selected ICL8211CPA
U102 1.1V Micrc-Power Detector c3 83/E4 K-TI -- 1C-177
Selected ICL8211CPA
U103 Dual D-type Flip-Flop, BS 84/D4 RCA CDAJ13A3 1€-103
14 Pin DIP
VR101 Diode, Zener 20V, 5% E3 87/E5 SIE 1H4747A ‘ DZ-25

*Manufacturers Designation Includes Part Description (e.g. CR25, 10K, 5%, 1/44W, Comp. for R101.)

**Manufacturers Designation is GP 1/4, 1%, +100, Resistance Value.



REPLACEABLE PARTS

MODEL 642

TABLE 7-4
Cross Reference of Manufacturers
MFR. FEDERAL MFR. FEDERAL
CODE | NAME AND ADDRESS SUPPLY CODE CODE { NAME AND ADDRESS SUPPLY CODE
A-B Allen-Bradley Corp. ITT ITT Semiconductor
Milwaukee, WI 53204 01121 Lawrance, MA 01841 15238
A-D Analog Devices, Inc. K-1 Keithley Instruments, Inc.
Norwood, MA 02026 24355 Cleveland, OH 44139 80164
ACI American Components, Inc. L-F Little Fuse, Inc.
Conshohocken, PA 19423 14298 Des Plaines, IL 60016 75915
AMP Amphenol MAL Mallory
Broadview, IL 60153 02660 Indianapolis, IN 46206 80201
BEC Beckman Instruments, Inc. MEP Mepco, Inc.
Fullerton, CA 92634 73188 Morristown, NJ 07960 80031
BRG Berg Electronic, Inc. MMM 34 Company
New Cumberland, PA 17070 22526 St. Paul, MN 55101
BRM Bourns, Inc. MOL Molex
Riverside,CA 92507 80294 Downers Grove, IL 60515 27264
CAL Callins Ind. MOT Motorola Semi Products, Inc.
Greenfield, TN 38230 05844 Phoenix, AZ 85008 04713
CAN Cannon NAT National Semi. Corp.
Woodbury, TN 31746 Santa Clara, CA 94086 18324
CLB Centralab Division NCI Mational Components Inc.
Milwaukee, WI 53201 71590 West Palm Beach, FL
CTI Circuit Technology Inc. NIC Nichicon Corp
Farmingdale, NY 11735 32116 Chicago, IL 60645
CTS CTS Corporation b B Potter and Brumfiecld
Elkhart, IN 46514 71450 Princeton, IN 47670 77342
DIC Dickson PMI PMI Corp.
Scotsdale, AZ 85008 04713 Sacramento, CA 95813 31148
DLE Dale Electronics PRP Precision Resistive Products
Columbus, NE 68601 91637 Mediapolis, IA 53237
ECI Etectro-Cube, Inc. RCA RCA Corporation
San Gabriel, CA 91776 14752 Moorestown, MNJ 08050 02734
EDI Electronic Devices Inc. SIE Siemens Corp.
Yonkers, MY 10710 83701 Iselin, NJ 08830 25088
ERI Erie Technological Prod. SIG Signetics Corp.
Erie, PA 16512 72982 Sunnyvale, CA 94086 18324
G-E General Electric Co. T-1 Texas Instruments, Inc.
Syracuse, NY 13201 03508 Dallas, TX 75231 01295
G-I General Instrument Corp. TEL Teledyne
Newark, NJ 07104 72699 Mountain View, CA 94040 15818
HHS H.H. Smith TOu Tower Mfg. Corp.
Brooklyn, NY 11207 83330 Providence, RI 02903 87930
INT Intersil, Inc. TRY TR Elect. Components IRC
Cupertino, CA 95014 32293 Boone, NC 28607 11502
WES llesco Electric
Greenfield, MA 01301 12673




sy - - -
d | N L] L Rl | tl | r | H } 9 4 3 | a | 5 y v m
366962 |— T8 v aovmns 0 anw3nnd Ny
Ml ox._l = Oved 00 3 = XXX w m—_w!zabz_wwxx_ J20€s 42008 ¥Z0§S Nﬂ\ *I0MANCD TYNYILNI SILONIC o e
IWVE ANV J3 L FWCH LD, R ] 1= ony Bz . - .
“OILYNIHIS T | s s e oo GBI23NNO> 30N TSON S WA S3LONSVS ®
ozl .
war R NOMDINNOD SISSVHD SILON30 4/ 1 .
\\\\\\\ - = — == SGILVALIY 3HD OYIZ MM ‘ NOLLISOd { TYWHON AL} 39V10A ;
8l 0z 80€n p101d 3HL NI NMOHS 3¥V SLOVANOD HILIMS NOLLNEHSNd 1TV 01 'R
= — - — - —— — ———— - N 5 A+ Sveu | veed | voed | €101 20vn | vOvd | 10v0 | 9ovsa ] v .
_ e o v Sor Oy Sob 2O e 01019 | 6001d_| 800id_|_ioi [} o] | el 150rQY WNHAINI S3LONI0 @) 6
ERIETY P s Sa Sa_<0fs Qyvog r | 100ir | 50£8d | s0£. USHA | cien | Zldl 0EL 2085 | 9ved . @
1 " AVIdSIO a35n 10N <oco | bioia | S0 | joes | 60585 | 0250 ove ¥8/, I0YINGD 1INYd HYAY SILONIO
' [} \ SNOLLYNOIS3A OLLYW3HOS G3SN _SNOLLYNDISIA DJILVA3HOS LS3HOM Aog2/08) “1041NO3 T3Nvd iNONS S110N3Q () %
10€4
— U | T O s R s oy £ S o A A = O L O B v~ N [ Y ity dahy - “INVA 03113738 AYOLIVA S3ILONIQ * ‘9 b—
” 3 2 18 900If/d
....... 4 “NOWNOD AVTdSIa S3LONID 4D %S
(] 1
! b« “NOWHOD Tvuioia s3ioN3a A b ‘,
NV _ | NOWNG) 90TVYNY SILONID Nv © :
£ | {SQyyvIonIa-sd) O z
| DYV SSTINN SOVHVIOUIIN NI 3HY SIATVA HOLDVIY) Y 2
| Sp— SR, (SHHODIN - “SWHOIN =3
3
(O soss % 21019/ | ISIMYIHLO ADNUYA SSIIN SWHO NI 3dy SINTVA HOLSISIY TV I
< ! $SALON
| N QO voss RV * |
— | 68 ¢
HovEQ3dd €N |
2 >4—0 - SISSYHO
YNYILXI k - ‘O 9%08s T*Ws‘ww 1 i IV INIYI R
Y, OF L Vhlm % 4 X
2 [l -1 O dcoss ¥oLavay | !
o Y v Millye | !
dnv, 0 9 Yﬁl.fo 4O ezoss . ¢ Wl_ _jozu HIMOd 90IYNY 9
INZUMND . 4@[9.?
sol 2 1 & __ } . “ h
[ 31v5 QISNNN
O woss <n 2igh i | 9083 A9+ O3 >—L> jaaans 11089+
’ ( § (AO6/51) 1sro12
— O scoss _ | |Hy >m_|?wv."‘lﬂ>V5&:m 108 51—
618
| " g >e~&9|_lﬂvv~,_\1ﬂmv A1ddNS 110A 2+
! (2081/022) *IL|VV..|L¢ NOMNOD IMOJ TWLIOID
{ | vodlde 1%
S>> anvy o
L veots ! b3 S
s ! aeoes [T O bt [
c V500
37085 i I3
O | ' (asn/oez) asoss
P ! HOM v,.0
QO ezoss <y T ANZYEND <
—> .
0 e [ ! i o woes L 0, —
s O weoss _, & aiey : i acoss © fond o2+ §
o [+ 22 1
0MS £ St , 2909+ d1 [ro0z2 X ! B sc08s oo
s 8> i ﬂ 3] 4 _, f * A%+
<
14 > oAt T | 1
LES N T A ( [SOTHA N ) Mv _v " ¥
108 6l I folstr agoes
12 o @ lralzala e “ A%+ [Nw hot i " Q E O |
i N
18 ol ! - I veors TN poe™™e oz >3 300k 30vi100
. ca xsnal el no 430 "% O 5 I oL v
] o |ea va lsa / Bamod 1085 [ D
ve 21 ' voes to —
o e A o1 Llorgn  Nm— A10dNS YIMOd e 11 3ps9ez
CldLe—: A3+ [ ON DILVWIHOS
82085 | Qv3aH 310WN3Y OL
(
2 3
2 22 12 02 @2 92 2 vtz 87 [ 1 i
€ < 2024A voss S ju oz ¢
39NVEYINO © ONIdHYa () o0 |
oun o L1041 |
S3o1v) %007 -~ Ko !
NoIS € S¥IINNOD |
| 91907 T0ULNOD 90N )
| NOWAOD 6 VLL "= 1430 Ss0Md-0¥3Z 060, 1050 W ) —
W i —® by 10" > >N TYNIS
- 5 21 9 ¢l 4 9 R ot 8
@ oA 2 o vomuA PO 14100 90IVNY Gv3H JIOW3Y
g Ag1- 8 oo xee 6%2 3001 19 Y
z T . [ 10d 100 ST TR e
LIS Sy S 90TYNYsies IR z
%0,2 v L T < TN s+ [
A9+ (2] N ——— > 001 1
JUS S —® 1141 roat >—T<< | Vo
i - ) T 300A TN oK [
| [
200, ! o) D3> ONO 043Z 3N
AZ'l- y I ow! 7 —
9 ME ot 7258 o> ¥, oot % ASI+ | ,
M 13Y oz P V|_1A )
7 s0eENn Ion 97¢y GO0 | SRy
a oW 8 . b
6l W ; WLlrW 0y3Z Ny
10’
= >n+”. M T %00 N o5 0% g o o roons
Ol L #— ] —ev 1 £
1 577 TBILOL T 5008 | 67p 9 ) 23 secy Mmow_ >—lce
TRl Wl i Rekeanic] W= W) | 20010 20011/d oKy L
1202 [ o svon o A A3 3020 omen| $829] 3 Py
T ET | 28 STy S 0w T [ 9535] »t
w KSE2) SotH> 1Nd1NO —@8dL
2y YILHIANOD G 90TYNY 001X N— 3y onrvos —— (s
LIAN v o
=l — = 101809 oz =" 29653E
d 1 N " | 1 | 3 | ¢ | H H ] i 4 | 3 | a | B | a | v




e H o _ El I * ' a o) a _ a0SeT WHOS v
12 asizee | - e oo anvaanao
on [ o mpeferows swooox)  sinawouisw ORET 36|~ T-SH | 25 |V - %% 92 €2 _e13] oi-ouio| i
18v—~0d -L3= oy s0% =xx ]y s 19 | Looid| £-6€E-55| iy ca| soewd 92-4d | L2 ¥ | 2182 otb-z62D| £
LO0AY 1 ININOJWOD znu [ 137 31vos [SELEZ 2190 | 2R 58 avnornaras SNIMVEQ St TS LON 00 X »Y | 900ld| €-882-50 | ob - 922 <9 ned ot-sL12| 2
SN oy <a goed |- Lb-oL1 g6 iq S00Id| £-6%£~-5D| &¢ $8 | €0ENWD " s2 <9 Ol D] OLe-6922] I1
e e SN 2a | 26¢® “ %S €9 | ¥ooid| s-88e-59| @¢ »a | ZocW |  _9v-43 | be € | 60€d Or~6£12[ 01
) Aum)om@o : 2a [ 19%® -1 | IS 1a | €ocoid] 8-68€-SO[ L€ va | Tocdd 2t-3y | ¢z €9 | ®0eD| 0Lb-6870| 6
2% o5 2q | 20oid| +-6€e-52] 9¢ k23 29 LocD] zz-08iD] @
PG | €10IC | OL-0Os | 6% S¢ ST w K3 L
[ T T T ] €a —~ oL ~05 201 2% »€ CIEJ [ 19°0-8%2-Df oz A ] $0€2|0022-0622| 9
[ | | | | CF) —~ €9 -05 | sof Ly B3 8I€2| L ¥-6LiD| 6f 2 $Q€D | d001-$922] § B
Yol +3 | 2101d | 02-89€-82 | 2% sa GOLWY i 3 LISD] 10°-982D ] 8! 1Q coed -bé2a| ¥ |V
151 9bey [ Mebo-esy |co/ +0 | lioid| WeOIOE | S+ €a | 8o « 3 21£2 1-be2>| 41 2d | 2069 w__u 3
] 207 v £a | L9%90 i o¢ Sic D] 22 =692 21 1S 10D | (0°-8%29| 2
<d bbed | O2-9LY | 19/ . b | €Q | 2Q€92 g2-=42 |62 18D b-v620 | Sf [E] ONTAYS Gkeezl T |V
MM M.Mmmw XMNHMMN MM\ oz | 0| con wve | wa awoz | 20| con v | wan oz | %30 ON Advd | WALt oz | 30| N e | wau .
- SO lped| « |86 . . - B S N
R S W | bl ST opEy [ 200/-9d | Lo . i L X . S
Sa| _eced| w8229 | %e -
I B ca| BELA [ wor2-2LY | 56 M IL O O . O 1
25 | 10€X RSN EZ] Ca|_2eey | Hee-2LY | ¥6 . = .
Y CO [ TOEM S evl Sd | 9eevw | 3001-929 | 26 - - ; : -
CERRCL w ol Q| Seod |vSe-¢oe8 | 26 ﬂﬂ_ 10€S
€3 | Oe-TBA 0G24 | 1%/ 1o ]
S5 [6oeuA | ©12-57 |o%T T | e | 90199 | 06 || !
€D [ 80N | BL/-3/ |63t £0 | 2ted | Mib-2L¥ [ o8 E /
—] £0 | LogyA 96-21 |8e! € | 1eed| Wez-9L9 | 88 : L ; ? . tiotd . (p D
28 [9208¥A -0 [t |8 22 | OcSY|[Mer2-98d | L8 o
20| socun @s-20_[9%l 25 | becu|Ms9E-88Y | 98 -
20 voGdA W ] 0| Qecy| 208-88Y [ s€ v logtL —
23] cocyA “ Hel 24 L2¢d [ Zob-€92d [ b -
€d | 20EWA " cel 20| _22e”| vee9LC | & = .
€4 | 10£YA bsRd | ze/ \d| szcd| o5-i6-ad]| 2 g 208s ’
v el 291 peey Al-ye8] ¢ -— :
G | BIEN So/=Ds | 08l 20| czed| 99/-8%Y | o8 = g R s
va cign 201 -37 |[e2l 22 ] 22%d | Me'6-820d] 6L Qv o] e
val| zien| @€/~y/ |ewx 20 lzed [¥27-9L9 ] 9L —— i~ i 20014
»a TiEn| 80z - o7 | Lzt 1o | Q2 pooi~Le-39 | ZL . — B - E .
e] oEn 20/7-21 | 221 2L . .
vd| 60tn| sor-o7 |52/ 20| &8s | AI-%6d| Sz — - 21e0
—p vl €a 0R] ©2-88Y | HL - -l .
Lotn| tos97 [%ei €3] f15w iooi-le-a9 | £Z Q v ]
0N Li-is7 |2elPN Q| =tes | wi-889 | 27 ] e:0 e o o
soen| 2/-157 | izl €a| stex Mz i-9L9 | 1L _ ] +001d
votn|  2b-37 |oz/ 23| vic¥| 005-16-d4] OZ D_.v.= g O
<oen| 26-o1 | 6/t R3] CI1e pe6e-£92Y| 69 ]
2o€n| toz-3/ [8// 232 ZIEY | o5-l6-3¥| 89 | . -] - -
e Totn|  ev -0/ | L1/ 2a | uoY [We66-c9239] L9 Dg\ NE
2L 2a O1¢d PW-E22Y [ 99 i GOSN
S9| Joe L L 9L [ s// $Q | 606w | Wos-t6-98] 59 — @ I
vl 2a | 8ocd [Molz-2LY | »2 T
€v| Lots - €I 2Q | ot | M6ei-tr2dl €9 a .- goes @ ﬁ 8023
€V | 906¢S [ Les-msS |2 Q| 920€ [¥e0%-£22¥] 29 =1 e .
13| S0€S | otp-ms | /] 23| 50¢¥ [00(-£6-9¥9| 712 |V - ‘
— 23| $0ts | 906 -S| 0/7 09 DDH 3 [Z0%3A) ,
€5 | £ots | 2 b-MmS [go/ 2Q | <ocY | 998-889 | 65 |-- . -— L
+3 20% S 1ip-ms go/ 2Q 20 | QOI—-DLY [ oS — = N - .
B 10CS | @#0p-mS 1LO] 2aq 108 [ M21-9L3 | Lo 4 2ied ,lo_mm . O ; . . m
91530 91530 . — ) TTegl— . 2080, bOg3 ;
oz |- o8 ON tavd . | W3kl MOZ | s ON luvd | Wil - “loep. A . v
i Q 9 L < —Eg— Q-
=l f %oy LIl wsnon wemor SEa— —{ma— zoote _
o Sonag a3l Ml ERCITER=Y . —— if50%u] @ : —
NMOQ ¥ILNIO ALl —{308u}— . - . .
5931 GN38 IAOWR . A | : : Y o5 | : EEEE 6129
¥3A0 ONIAIZTS Syl (M31A) q1vLi3a - ] -~ . m =1 =8| [&]2 mm
b 359713 (WOLLOE) £0d Dm_y voes s . L] @RS 18] (R[S = ~
; o] P E ¢ v
e S T Gl W {1 - - T1vL3d 335
1201 5w JE1 $¥ <x 930ay] 1Shbb . | .
TR T [ ~Ge)6w)
S3I0R_DNILINNCH j T— - -
182-£{ 40 NQI LYD01 3 H ATH|0Z84] v R €082
|e=dmpiirere b ey - , .E E @_ oz
H§ 18-1-¢looroLog-nod2 (2 WALt avHoi €GO [ S0€S
v FE 7Y ol AT WO ool — -] i $004d —
(R PN apris ey H | - . c00ld . L001d
E Y i LR R e E ) . — o ELEX ] o O
Si/s4] Oc) 4} Gy vl cmday|even] 5 - - O g O it
SLTe QESIATS W09 3 s/ o =
| e ) % FAlzl [e .
1 — > _nmn,< MMN E > . i o Y s
v 29| § > No.
e .| 29718D
H E) 4 3 4 a o) a v




. d ] N | . W _ 1 h X r H .— ‘9, | 4 _ 3 a 2 a v e wor
T —— ] 28 e sovauns —
. 3vs962 | g 8 W_m_uu...._.m__m_.m P SHHOMLAN MOvea3ddd ~
Qv3H 3UON34-811 INOBLDI T A2 ] A8 mea o= omw 207 =xx
51 LYWIHIS EI_E‘N?.E e ey i SE 2o Ore VeI Sl 705 10N 00 6I0Id| sioid| €0IN |
HOLYSNIINOD o &
SHIAING S GOH WIHD 0932 TN SNOILYN9IS3Q DIy W3IHIS vely
HOLYNLOV
” Sovaa33 ~ t 5 S
-~ 33t
9dl »o13 fﬁ 7 <
M o ogie soin —ebdl 2024 | 1020 [ 10253
1
_ ma,_n 49005 ¢ T 1201d| 2J1[vo18A| Goin 2000
NGO YT, _ _ con))f 1064 Z015 | zSid| 2010] 60DI | 9z0IF [S0183 | /112 e L2
T Voﬂ 035N _SNOILYNOISIA
, 1 30 J1IVWIHOS LS3HOIH H00Z So %002 9002 S Y002 Se- %002
| @ 081 @63 | s | ¥ @ 921
. 2
HIFHD QuIZ £ VVH ] .
Z _ 3 [ 1201 oD NOILISOd #2°23 NI NMOHS 201S It G201d/" $201d /1 lczold/r 2201d /T
9 Z AR 2
. 5z T0MLNOD TYNYILNI S2LON3C @01 uv % R z . &
. 4902 €5 £ < LNINLSNNAY TYNYILNI S310NIA @6 o 8 ¢ ] 6ot
: o201 /1 20m Q3LYNLOY %O3HD 0u3IZ-3A0W 26014 26001 5 N 80N
1 L S¢ (TWWHON) 39VLT0A NI NMOHS 3V SAYT38 11v 8 & 2 11 N
: Yo <3 [T 4 1091NO3 13NVd LNOY¥ 3 53LONIC QL | 2019/ 100 & el gt 9018 g 0201d/r\y |
| g201d/M 90 LSNFAY TYNYILNG STOYLNOD GINUYANA 1¥ 9 £ gy veiS £ mo_u._. zen Noc.ﬂ
Vo ‘vwwifritﬁl_ NOWWOO ¥3MOd 1v11910 s31on3e 4 ‘¢ [ 52013
= a !
0 | Y| vediar SOy NOWWOD ¥3MOd 90TYNY SILONIG 4 b _
o lmWJ|~((C|_ NOWWOD WN9IS S3LON3Q 4 ¢
o 3 v SAYYYA0UDIN NI 34V SINTVA YOLIOVAYD 1Tv 2 !
m%.wwmw:u% €201 d/t VOIN (SWHO93IN- W) (SWHOTI-31) oo S osoM o Jsom o fyo
JAVHINVA OF | *3SIMYIHLO QINHYW SSITNN ._v -
= : w A9+ SWHO NI 3¥Y S3MIVA HOLSISIY 17V I 101 1 002 1 . stor
] ! ' - €0 - $S31ON o:o.,_loﬁ_ ) J
| umoom_% " by o _ % ol
Aadns 2085+ &5 < HLN_GMN +]6019 _Wmoom_ B ‘|J_ L sioir eny 26
. (Y4 —_——— _—— e - -
300N 39VL10A . 83921 ¥ILYIANOD (NIHHND OL _ —= - LNdNt
s Ax ; 7 39VIT0A ASNFAY O0¥3Z T N\ T FanL LndNy
2010 G0 %606 gt »es 't '
043z W<y |
. | by [t _ 10242%
onianv ! ; i L
o oskz
— %ot |
avl 0 . '
o't L
o m’ , 80127 13450W LNdNI /_\
NOWNOD 0¥3Z N3 &5 neer
14 | ! N 1v1y
NOWKOD ¥IMOd TWLING 2
AR 67 2d00s1 ' ol W+
) Qzid T, Lo
AlddNS IQASI- x 3 S
|
— u_n_oon_@ >m»_- —
(ON8) %ov8a334 22Ty SOlA o Sl
5 sy
vioir ! ! : ] 2014A ._v of Q60N
1 | 8'6h vl v, *
LNdLNO 90TYNY V3H 310Ky : jon
€ v ¢ B bl ) ERNG H
| “ 490061 NIz 8
! , EETR ol ._». xmm.w L\o
1 3601
, | mo_u+H 10(8A 3
| ' % @ ¢
- 5 w =
| . . Bely 52 £-20s AvZH Agi-
AglY <
o ezt | 72 Loanes g
| £ v 1531 e L __ HOLYSN3dWOD dOH __~
NOWAOD LAdLNO ! oeg oL H 1010 50N LKl M33AHD 0¥3z
z 90T¥NY Q¥3H 310WI< g = Shia (o] !
| i ;
| 4D ONILHOHS , 12014
NOWAOD H3MOd DO TWNY 73" 19003 N w3AA1gwY C0° s
NIYN
| ' 32119
SISSYHD IWVHINIYH : Asts, Avee
N 9 ol olly . (1 \
— | ' 9012 285y
' +
AlddNS JAAPZ+ g G H 601y _ k
oy &
Siold glold/r oAy oo X e
Ap2H ~ 20182
fa 1 - 22-7 LI ANy ATT9 ATy L0 H A
R S e R o o
L | Gdapbiere o1 veos wous zeru oo TP | O 018 ) o
Lo 4] s o e 2 g
k-5r-8l o wodops 91 Ao agowvid 90
M A R RS Te
S P s P 3570 woum ] e [ v ] . ~ 308N0S INIHHND -
i SEeb [ T e : L3500 Lhan =
ave | rorainay 1 b N TR A R A B 29654E
d N 1 u 1 ] | r H 4 9 ] 4 | 3 | a | 2 ] | [




2 M o 2 3 % a - o) _ sz Wl
. T v T P
deeLoe | e e e T
o8b o DT VL (AT S o [T 5w Soreax]  AZTIHLIIN -
LAOAYT LNIANOIWOD 3au [ (1 2 31908 Breg- 9 3rva (OLII38 IUIEIUS SSIND ONIMVA SIHL 3WOS LON 00
NO 0350
Ezmamwiszﬁ So1 €A el [ 9°08-elid [of SQ[ £201d[8-29.-50] S¢
° Yol €Q L0y 29(-tLd | 69 €a | Szold —_— e N
- cof €a EXK) 001-88Y (g9 €d[2z01d] 8-29¢-52[ ¢
ol <D 151 Mooe-Lédd |20/ $a Uy | 00Z2-LillY | LD €d| =014 — Z
9/0» a3 €8 | oS | Wz'z—9td | 1o/ +Q YU | 20b-LLid |99 €9| 9zotd]| H-29e~32] |
AQ)Ow&O ) 59 ¥y oLb-9Ld [eor Ya sl | 908-Lu1Y | 62 o€
a3 & ek vQ | __end [yea -t |49 sz I\
- o | Lvid Ni-8s¥ | 86 +a Ty [ yeE-end €9 @ €2 Lioid | i-29€-87( Q7
vg [$9dA 95-2G | 2] $3 | 9%Id | 66v-893] 46 SA | oty [®sie-889]29 | b9 | 9/0Id | l1-95-S0 | 22
+9 [ e0ig A " 1<l SO | SHid | oti—i-¥ | 9 +d [ o1 n g +9| 910Id]| 11-29¢-50 | 9¢
¥4 | zordn 8/-2d_| oul €8 | b»1J | ¥eo6-883 | s6 540 | gold psoy-auy {09 s2 .
5o | totah| 5%-2Q | 62! €9 €v1d | Moli-g91d | ¥6 Q| tory " “ 65 »2 -
<& _soin -2 ez €9 [ vt Mee2-8919 (€6 +q | 901 PRES-§alY | 85 %3 | 90ra9 . Bl A/
+9 | volN| 902-51 | £zt $9 | 1613 | ML2i-8918] 26 €d| sod | wWi-883] .5 <9 | %0190 " 22
2z fa) Qv1d [M2er-8 Y| i6 SO | pord MSL'y-8S8-N]| 99 €4 | €982 " ic <
P +Q | zoln i9-01 |8/ $5 | 6<ig [Me06-88Y] 06 €3o| fold |»%i-98-4] &g S5 | 21y 7 o2 B .
sS4 orn | 6oz - ol $21 s2} B9 MS-68dY | 68 O 201y [WSVL-88| G I EIER] 823 3l DG
ezl $ 0| lerd | A606-88y | B8 |\/F €O 1oty | VEEE-GEY] €6 El €201d  +20id &l —@@®
€9 [ o¥sz v 22 o | i [ o8- LLN | Zg 25 R o I i Q
$q | Ave+ " izt €0 | s<i¥ [7902-i6-d9 | 2¢ s &) Tlio | 10 -8%2-5] 31 |V 201
*8 | Asi- ” oz/ 55 | Pra [Aorevvd| se Ay sV | 2010 | ¥8-91 | o5 st . @ EnT —EeFlly- 200
+9 AQl+ “ 611 +2 cery [MLOr-8S-Y| p8 Fo) iotd 121 -9 b a3 2112 " bi
€9 | As+ " 81 %0 | zeld [ B 2953 ¢8 T ey = 15 |39G0si-z0s 9] &1 —{ongl- a
€2 LdL " 2 €2 1Sy | Movi-sey | 28 SY | o 29-7y | Ly <9 011 2]|§9 -102-0[ 2I [eo]
€I @al " 2 ca | oera| « 18 20| 8ol 2L9 | 9% S oo wE-szao[ U |\ A 212
£G4 | _sdl P 5] $a] Gzra] - ov - Sy <8 | _Soro| I-Ixid| ol —CED 55 ® WA
Te | bdL P 577 o] serd [ - 3 b %o | tolo] or-el-9| © oI — - 2101d
5 €dL [ < +4] =iy |« A Ty 52| 9019| ot-oLi-2| 8 To o
5 2ot " 2 £d| 2219 [H002-L6ay | 2L 24 S5 | go0io| or-6lid| & g ST
» ) Tdl YorZH2 111 2L [ 2 |El ®©
=22 SZ o% < —eonl- Vi e
%o | 2z0lS bib-MS | €0/ v/ ca 1015 LS-T | &E + lEl 2015
€0 | 7415 | Sk -ms 8o/ €0 | (2l | o7-16-39] =2 9] 4z0ld | b-6%e-50|BE 3 geld I X
cof €4 | Owiw | Oz-8s9 | 2l S5| 9eotd | 9-298-59| 4E 2 s £ 5 e
D07 €4 | 6119 | 2ob-LLiv]| /L S0 | vzo1d. — [%¢ 2q [O8y-2d| 0G6LeZ | 1 |V CIIT) S N
woz | 30 ON tavd | W3l oz | OB ow uwva | awoz | 23| o wve | oz |9 | on wwva | Wan &m =i mmmm_ .
—» - — O]
. LI = Y
& 1Y e 19|
oLy ¥
| stidl— Lo ® 1101d
26| EE o ©  —o
€ ® R @
o »||=|[o]lD
g m 23113112 ons
g s201d @ 2I2le ﬂ_ @ o12)]
- P T 0201g -
22014 | 1201d
_ 80 _ £
- =
[
T/ W O 157 Wl Ip WA Q9K | hSSEIY M
i N
~7r% Y62 4 8 h -
Y64S Wo) £51Y T K7 )
525 | RIA(/ R -
you's way 551y 997 (€976 [ a s
M6vS OL . -
MyO9-vioH 4 8 W3LL QDHD
o1 sioLe oL [SYOLI HIN -
L NEOE WOYS $Q WAL QDHD = N 3
; (101 ) 500/-5F-J SoM| HST| I . g
T K i K 2301 I ; - ’
T3S TAT G toeo] 3 3 )
y Toe~a mwm .
g | D TTeeE PR IO %93 SYM | GEOT]. 3 | 2
E) A YW £
BL & GASYNSA| L0 ¢ NO.
iva o S MRE 29793D
H | ) ] | 3 4 a ) a v




o H 9 E] 3 + a o] a IS8T RHD4 v
a8966<¢ conal 8 xemzovane J—
on o tmTTon]  SiNawnuisw
W3Ldvav, x93Llve A EECIIEITT ey Sosoo]  A3TMLIAN \
9269 TIAOW “ILLYWIHIS swws [ <o 7vos [g7/11,8 34vo | Taes B30 oo s e SNIMYAD SIHL 31938 LON 0T
——T
oo BT
s Toameeey bon %
S/O}é&ww
2 230
wv\w)o
. ;
i
H .
I
| I
SHYD OI0tr NYHL 1001r I
I
a3sn LON _
SNOILVYN9IS3IA DJILVWIHOS >4
|
i
I
1
1
1noir 201t i
o4 | 1o1L [ eoin| nta [
TolA | w1193 o1 | 221y __
g3sn SNOTIV¥NDHIS3Id I Sy o
D1LVYW3HIS 1S3H9IH tioir |
I
|
’ !
1 |
3 eIy, “
N MOl |
[} 1 £
To10 e |
t , ' |
. . |
NOWWO) A1ddNS ¥3MOJ SILONIA | € ﬂ N— . !
(5avuvi0>1d-3d) *ISIMYIHIO AINUYVW SSITNN Y - _ 1
SOVMVAOUIIR NI 38V SINIYA YOLIDIVYD 11V T o gy Nou_u !
3 601y
(SWHO9IW - It ‘SHHOT 1) “3SIMYIHLO o ° N “
QIHUYK SSITINN SWHO NI J¥Y SINTvA HOLSISAY 1TV 7 s, . Aore oty \
1 .
.I. o1 [
*S3LON £01d o7 )
: 501 . I
o L vewy !
gory |
I
|
£010 "
2010 %S| _
20y
£014) 22 A £ © |
2013 1 |
+ 221y |
1014
1010 O—o0M\_o—
Q
A
< =
e T 29968D
H | ) | 4 3 4 a 2 a v




H . 5] 3 A . El F : a _ o) _ a sz Wos v
6w 3ovaun .
iLebzq| . V3 2) 1w o3 v 4
o 24 L0AVT LNINOSWOD = o morood A3THLIAN QNNOGOD 013NIIHVM A1ddY _
s s Sermanio Sen SrmeNa SIIL 3755 10N 0O ~
RO 0550 L - X 1
PR IS AT e
282y ;
° (qo3¥2) \&F 1010
YIHSYM LV ¢
M340S QY3IH Nvd
@pIW2) SANUHA "9 gxOb-b 4
+ -
s ¥ oo o) -
b % O ot
(6] 8
€ 010
& coi0 |(%)
— m S g
. zoIr
= i
G U :
! i /. 3aI$ Idvi
. 3 LR NO TIYLSNI
2] 1= 12| fo
i
mn a2 11| SRS TR
= J €l 014
| o)) .
—— — 3
—>) ) — E *\ T -
. q & € 1
H“”___o__, (3a1s »ov8 Wou4) :
by (0,034 2) M3WDS GY3IH Nvd
: SdiTHMd 91 P4x28-94
e
SILVW3IHOS | AB9266¢2 | 02! 06 s3 wOI3 u 02 | ¥ Sqa [=S1IEE " oc
1 &8 s3 cod " oS |\ v3 NIy " &2
1 S8 s3 2013 u Ss | & va ENER) u 82
1 I3 1OIAA S2-24| 8 S3 101y | AO1-L-3| LS AW »3 e " %3
— ! 28 9S 3 onAd 0 92
! S8 SS v3 650132 " S2
1 vQ €010 €01-21| »8 ¥s &3 SOV “ v2
[ sa | =zon " <8 vo oud W 33 b3 | LOwWD u 2
i El=] 100 LLv-21 | 28 v [X=155) b21-OL | 25 »Q 013D [ 22
(] ¥a S0\O Ly-9L | \S +Q SO " 12
+Q ol 2Li-31] 08 »Q LOVD " oS ¥a HOI¥> 82-33 | 02
k3 601 S3 %213 AS 1 -9-d| 6L @ va DOV »8B-9L| bv 2 SO vE- Iy b1
301 $3 22y " 8L »Q SO " ey SQ 20132 1) 2N
Lot s 121 WL | L SG POI® Lp-9Li] v S3 101> Se-33 | Ll
20! S3 | o2y | S -es3| oL | 55157 __S0'D L2 -9 9% 9 -
sol 3 ond " sL S3 201D v8-2L| Sb S
= v3 EIE v YL 53 IS 2hE 9L by |\F EE] WD [O1-Le2D w
€Ot Y3 Lu Ci=L-al €L i w3 oL Ly -bLl-D]| €I
p— L) n/ &P -OW| =20 *Q 2N " 2L 2% [=e] 601> 22-6L12[ 21
2 <Q 0D/1 [ 1I-VeepL2| 10! ©Q SNy TE-DLA| 1L 2 LWOLL | 8-L82-S2| Ib 3 SO12 W 1
P [T divwsa] 22V 224 00! oL oY 3 LO1> W o
€2 [ Can two oie| 66 SQ BIE m 69 3 v3 So1> | _o1-oL-2| &
€A | duonsh| svmvs ais 86 S Zia " 89 CE) 201L| O-1-ad| 8s vQ Sos w S
S N/ JOOI0E | L6 SaQ W L S2 1OIL 2-1-dg| e vQ vyoi> | LU'v-eui-D| L
SO i/ 986662 96 S G AO\-9L-A] 99 9% EEl TOV Si-bL1-2| 9
L 22 7/ 6L-NM [ S S3s) 603 [W8™T-9L-3 59 mw »a vola S-(Od] S¢ sq 201> || 22-6L->| S
Py =) YA S-~H4| vo Sa VO [AO2-IL-3| v A_H a3 sQ 1012 | ©1-LS2-2| &
. PE7Z SE1-01 SVA (0D [85261] 13| apy £S5 | /1 SHE-So| t6 sa LOVS PEG b ~o8-8] 9 | 3 <
@,_?I S — RN T 2 Ll s5 | ©/L | 912-%5] 26 SQ | 90u N9IE —on3] 29 < Z
. %ﬁxm F TR RSN Muuﬁu&_g = <=3 0/ [2-9Q€-22] 16 sa sova [ATPr-88-3] 19 |\ < |'§ €3 | vobId| 22Ll662 | |
a2y e e oz | M0 | on e | way oz | 2801 con wwve | waw oz | 30| ow e | wa woz | 830 | o wwve | man =
aivo | o o 0osfwi| oz 29971 D
H | B 5 | 3 4 a 2 g v




) ﬁ ; — 1 — 1 — 3 1 ~ ] ~ 1 v
/ U QQN.Q N - ILQE L& xvn3ovans OIHO "ANVTIATTD
‘ON — Iviasw] re/HES Ovad 800" F = XXX SLNIWNULISNI Q/H\
289 -2d Wt/ zmnm- WLY Nua [obF=ony SI0'F = XX A3THLIAY | B Y
LOOANT I.._. NINOAWOD g | [/ 2 3wos _wh.om\wm._.«n_ R L o aann ONIMVHA SIHL ITVDS LON.OQ o3
=Y ) >._Mﬂwl.m.ww‘m$ BELET] 82
v | 3
22
T O QS vV UM VI 22| ST
LD ORI Pl -9 | b2
€9 GO0 | QLTSI | e
[o— 3 IO [OL-L62-SD | 22
ved| — |OGL9-95 | 12
<3 —_ QL-&9%-S5) | o
23 Q%N e@1-2! 6l
23 9% N 291-21 21
e} ‘9 popd | MOSSU-d¥ | LI dw
v covd | o21-9Ly | 9t
2a Zo%¥ €-201-dL | st
ed Toby | OLI-92Ld i
‘gl
Al 190 Ly-ol | 2!
—] t
2d 204 sa " Ol
27| SobsSQ " 3
2D | popsaQ’ " )
22 | €ovsSq n L
4 2Q | 20psQ oge-ad | 2
@ ® 298 | tobsq le-ad | s NV
k4
13
2
> FHEIS IO 209962 |
v 91510 )
2n1d INOZ ‘W3HIS =z 1dvd Wiil
[SERPATTIN
T Nid < Nig )
g Me9/em FINVIOAHM
. B =3 =
Y
—{do%— 1050
. x
90+Sa S0bsa yOvSa ¢0¥Sa 20vsa 10¥SQ
Nov _ov NOQ
N .
o BE-EE] 7 0r & oy Yooy ORIl SE/oN 5
M €8-€2°€[ © oL 3 woua swomry 9oMo| Yoib] £
~pUJ=88172 "6-201-41 01 b3-d1 WOHA &l WAL QOHD| 9968 ] H
L ang )
bes e 2o e cranie-aa o z-0e asm) 1988 | ©
28-27-1p€-0a 0L 1700 Woda S WIL) aBW] g gl I
% B o] 3 orE NI o SRR AN SO S 59| 2
~ BrTe 0% O
il i &
L6'8 Saswa =g Frlol v - NO.
aiva NOISIAZY -on ooafuin]anoz mw.t.mﬁw\v.Om.m_ 1-dd svm LI wansscu] 7] 29708¢C
9 ] o4 ] 3 2 | ] 1 v




* /1 o0 Wy
Y L6LE!? ~ i
—~ N SINIWNYLSNI E
Sl g Wy Txra - - AT THLIIN
“100AV1 LNANOJWOD ,  [T1:7 R N S oo
T 1o 01T ~ros wammey  © 2 30IS NO 'S4 OL YSSL6T WITI0S
h\. LA RIA TJI;V 1 FQMMMA(CGOMWUM..:.UUDQGA\J A QANY A«mm_PMN HLIM ©DNOY
©OMAIOLS AT \\ ™WAT Sl OCO 'Q'72'd 340 HTI-91L VIS
QU LOGOT(102W) 1=asow
TANG, ATRWISSY Aoy \
[ _M ..m |
— L-199S | I @
Ly- [
Slh-Dd| d6e6Lo?l M\\_ @ e V. TVL3a
— vV SeLeL| i —y— ¥V
LVIO | 10-27-)| Ol
0L $ZI1-91 | 6
1 -22- ‘
o 1Q-22-J| 9 9201 1
10232 Q-4 L :
Y, )
1023 [0072-383- S
Oy | O0Vy-9L-3 |
S LD
XACARY O\«-S2 < 9112
NTO\C 0)<2-S2 l
91830 .
L [1)4 ‘WIHIS ON 1dvd :u._.._
sl s i O\+3 SwWIT VI [LUSLH]| 3
L6z A oL WOy TRy oy 39wl 59 9) g /
8L-11-5 By GV - DLELEL SUM ¢lg] 6309 D V 7/vL30 335
—7CICT WOV L Calcs oM = ¢l 4
9L & SERSEIEY ) R K N
LA | SRR P FW?., i >4} N@lﬂ@q >




4 -~ N ] ~ - 1 - I A4 1 < { v
RS e S ] GRIED o
Y08 1531 Q3 IVINONT [P "] i e[ o sowo]  AZHsiax B
um__._&%duﬁﬁxow B A TS SISO S | o svid avos o oa
o EErenessv oen l._anIo.vau.‘@l ,
1002d | 8002F | 20023
— ad3SN SNOILYN9IS3d
JLVIWIHOS 1S3HSIH
=]
., 20020 10028 1NNt avaH
_ 07 LNdNI >—0 O 310WM 29 0L
LNIW
—~34NSYIN/IOUVHD LNIHUND /
"04 NOIL11SOd NOLLISOd Y3HLIZ
NQONﬁ v_z\_._ ONILYOHS
Y (13Nvd) Quvno _
leoozr ;
3 4 WOt 190n Movea334
w 90021 ! _
> Movaa3zs >—o — <
N 002" — zoozr
€ 01 > , < 01
,_<mmmmmm_ _ JOUNOS TYNY3ILX3
- . voozr 10ozr
H. > —<
N
° 20023 _..Illj “\_\oon
o ATAN 1NdNI @v3H J10W3Y
Lndi \/ ~ 2v9 Ol
-
p— P
F —
8
o=t
lq_g ( NO.
— 3lva NOISIAZY -on 003]-uit] anoz WO_OUO
) 4 | 3 | A | a | I




\&' -
*‘lﬁnﬁmmN Iﬁ_ L& xyw3ovans OIHO ‘ANVIIATO
‘ON TviygLvw | Yo/ F= Ovad SO0 F = XXX ‘SANANWNULSNI t/rﬂw
YRaagy .H\BQ.QI e o AFTHLIAN ~
FFYD ANIGWISSY Pt =7 — GWN_QMHM mm.gzm:hwﬁwﬂuw - 1334 Os! ogI=
Tl | SN 3wos N.\S\mm._&o a0 L T NOIERENG ONIMVHA SIHL FTVOS LON 0a - |
NG a3sn — o 1334 08 oG -
o Rl an] % 1351 O o
- 1334 ¢ -
TS OLDINNOD IL.-UZM”._ MMM,MU X -
2le-S> HIOE NO N, Nid oL d3aim = £ /4
; ANy O3I8WOD 39 CL S HOIHM AT IHS
— SEvD DHL Ld3o%3 (SHOLDBNNOD 2 SINSYM [2-L8-YMW| S
Zic-s5 OMI =HL No o3 Lo, oL .o } ABIBIVNS 'BI8VYD[6I-6L-05| ¥
H.L - 7 - L
. (o3 Nww.mu\w& ‘g,oL @ v, oL Y, tdIIIM BF OL IEYD M a§<JWZmuw@M _vaaumU M
~GL-DS - IIN] =
GI-GL-DS =C STOLDNANOD IVNTIAIION 2LON 5 S35 05 HoISSNNoST 3ie 5o
S ALD NOILG1A3DSDA ‘ON _L2Vd|“ON
i ONTO3 SV
~ SRS &
| f v amEvL 33
¥ v
i
; 1
_ | B = e :
. [ ﬁu :
I
z \“
f
/
g
L
ABL. ., < Mmm_ m - NO.
’ H 3iva — NOISIAZM ‘ON oom._.z._.._ 3INOZ N /@m { mm.\
3 | A | a | v

N

4




