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SPECIFICATIONS

AS A CONSTANT VOLTAGE SOURCE

RANGE OUTPUT COMPLIANCE (Source or Sink)
ACCURACY* ACCURACY

MAXI- RESO- (1 YEAR} MAXI- RESO- {1 YEAR}

MUM LUTION  18°-28°C MUM  LUTION 18°-28°C

100V £101.0V 100mV £(0.1% 401 V) £1010 A ImA %£(0.1%+ 4mA)
+0.1010A 100 pA £{0.1% +400 pA)

10V 10,10V 10mV £{0.1%+ 10mV) $10.10 A 10mA +(0.5%+ 40mA)
1010 A  1mA =0.1%+ 4mA)

+£0.1010A 100 pA F(0.1% +400 pA)

imV £{0.1%-+1.0mV) $10.10 A 10mA $(0.5%+ 40mA)
#1010 A 1mA :{0.1%+ 4mA)

$0.1010A 100 A £(0.1% +400 xA)

1V o&1.010V

*Above 0.4% range.

TEMPERATURE COEFFICIENT {0°-18°C & 28°-30°Ch: (0.1 Xapplic-
able accuracy specification)/°C.

NOISE: RANGE 0.1-300Hz 0.1-300kH= 0.1-20MHz
100V 5.0mV p-p 15mV p-p 256V p-p typ.
10V 2.0mV p-p 15mV p-p 250V p-p yp.
v 0.7mV pp 15mV p-p 2V p-p typ.

QUTPUT RESISTANCE {max.}: 100V Range: 10mQ. 10V Range: 100 xQl.
1V Range: 100 Q.

OUTPUT INDUCTANCE: 100pH typical.

SENSING: Rear panel switch selectable REMOTE and LOCAL sensing.

REMOTE SENSING: Corrects for up to 0.5V drop per output lead. Max-
imum 58 per sense lead for rated accuracy. Maximum 0.5 per sense lead
for rated output resistance,

AS A CONSTANT CURRENT SOURCE

RANGE OUTPUT (3 YR.. 18°-28°C} COMPLIANCE (Source or Sink)
ACCURACY" ACCURACY

MAXI-  RESO- {1 YEAR} MAX]- RESO- (1 YEAR)

MUM LUTION  18°.28°C MUM  LUTION 18°.28°C

10 A £10.10 A 10mA +({0.3%+ W0mA) 1010V  I0mV 2(0.1%+ 40mV)
$+1.010V  ImV 2{0.1%+ 4mV)
ImA £{0.1% +1.0mA} £101.0V 100mV ${0.1% +400mV)
+10.10V  10mV +{0.1%+ 40mV)

I A ®I010A

£1.010Y  1mV 2(01%+ 4mV)

0.1A £0.1010A 100 yA £{0.1%+0.1mA) =101.0V 100mV *({0.1% +400mV)
+10.10V  10mV 2{10.1% 4+ 40mV)
+1.010V  ImV %£{0.1%+ dmV)

"Above 0.4% of range.

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

+{0.1 X applic-
able accuracy specification}/ °C.

NOISE: RANGE 0.1-300Hz 0.1-300kHz 0.1-20MHz
10 A 25 mA p-p 25mA p-p 25mA pp typ.

1A 5 mA p-p SmA p-p  1mA pp typ.

0.1A 0.5mA p-p 2mA p-p 3mA p-p typ.

QUTPUT RESISTANCE (min.): 10A Range: 10¢Q. 1A Range: 10°0. 0.1IA
Range: 10%4.

QUTPUT CAPACITANCE: 0.2u4F typical.

QUTPUT LOAD: Must be non-inductive.

CURRENT MONITOR OUTPUT
SCALE FACTOR: 1V = 100% of range.
ACCURACY: Same as constant current mode.
BANDWIDTH: 5kHz typical.

OUTPUT RESISTANCE: 10k(.

Specifications subject to change without notice,

EXTERNAL MODULATION
INPUT RESISTANCE: 6.8K1.
SENSITIVITY; —10V increases magnitude of programmed cutput by

100% of full scale; + 10V decreases magnitude of programmed output by
100% of full scale.

ACCURACY: 2% typical, dc to 60Hz, :

MAXIMUM MODULATION: Modulation and programmed setting should
not cause operation exceeding the range of zero to 101 % of full scale.

MODULATION FREQUENCY: 600H:z bandwidth.

IEEE-488 BUS IMPLEMENTATION (IEEE-488-1978)
Mglﬁ'gﬂ.s}% COMMANDS: DCL, LLO, 5DC, GET, GTL, UNT, UNL,
UNILINE COMMANDS: IFC, REN, EOI SRQ, ATN,

INTERFACE FUNCTIONS: SH1, AH1, Ts, TED, L4, LEO, SR1, RL1, PPO,
DC1, DT1, Co, EL.

PROGRAMMABLE PARAMETERS: OQutput {operate or standby), Range,
Voltage, Current, Trigger Mode, Sink, Modulation (Voltage or Current),
Display Mode, Qutput Prefix (data format on readback), SRQ Mask,
EQI, Terminator Characters, Status, Self Test, Memory Location {100
point memory), Dwell Time.

GENERAL

DISPLAY: Dual 3%4-digit LED (0.5 in.) indicate programmed values in
Standby and cutput values in Cperate,

READBACK ACCURACY: Same as output accuracy.

FRONT PANEL PROGRAMS: COPY, SINK, IEEE address, MOD V,
MOD 1, TEST, RESET.

LOAD TRANSIENT RECOVERY TIME: With a resistive load the output
will recover 90% of any load changes within 1ms after end of changes,
provided the changes do not cause transfer to another control mode.

STANDBY: Programs output to 0V, DA without changing ranges or polarity.

LINE REGULATION: Less than 0.01% output change for ac power line
changes within specified limits.

PROGRAM MEMORY (battery backed up): Stores up to 100 output set-
tings. Range of Dwell Times: 20ms to 1000s. Accuracy of Dwell Times:
+{0.05%+ Zms}.

BATTERY BACKUTP: Rechargeable 3.6V nickel-cadmium. 1 month reten-
tion of data with unit turned off.

TRIGGER: IN and OUT TTL-compatible,

RESPONSE TIME: 30ms max. to 99% of programmed change.

MAXIMUM COMMON MODE VOLTAGE (output or cutput common to
chassis}: 100V de.

QUTPUT CONNECTIONS: Quick disconnect card with screw terminals
for output, modulation, current monitor, and external sense. BNC
{chassis isolated) connectors for TRIGGER IN/OUT.

SELF TEST: Analog and digital circuits tested at power-on. Power sup-
plies, temperatures, and output continuously monitored,

WARMUP: 10 minutes to rated accuracy.

POWER: 105-128 or 210-230 V ac (internally switch selectable), 5¢ or
60QHz, 500 VA maximum.

COOLING: internal fan for forced air cooling,

ENVIRONMENT: Operating: 0° to 50°C, less than 80% non-condensing
RE{ below 35°C. Storage: —25° to 70°C.

DIMENSIONS, WEIGHT: 133mm high X 435mun wide X 448mm deep
{S% in. X 17% in. X 17% in.). Net weight 10.9kg (24 Ibs.).

ACCESSORIES AVAILABLE:

Model 2288: Fixed Rack Mounting Kit
Model 2289: Slide Rack Mounting Kit
Model 7008-3: IEEE-488 Cable (3 ft.)
Model 7008-6: IEEE-488 Cable (6 ft.)
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SECTION 1
GENERAL INFORMATION

1.1 INTRODUCTION

The Model 228 Voltage/Current Source is both a constant
voltage and constant current source with front panel and
[EEE operation. The Model 228 can be used as a constant
voltage source or a constant current source. It has four
quadrant operation. This means that the voltage or current
sources can operate as a source or a sink in either positive or
negative polarities. Full power capability of 100W may be ob-
tained in any guadrant.

Parameter entry is done in one of two ways, Either using the
data keypad to enter the desired value into the display or us-
ing the display modify function. The display modify function
allows the user to modify either display by selecting a digit of
the display and incrementing or decrementing that digit with
the appropriate keys. With the carry, borrow and autorepeat
capability, front panel cperation is flexible and easy to pro-
gram. The user selects the range with the decimal point.

The Model 228 has a 100 point data memory that aliows the
user to store up to 100 unique values of current, voitage and
dwell time for future use. Once a particular level is stored in
the data memory, the user need not reprogram that level,

The output terminals are located on a guick disconnect board
that inserts into the rear panel of the mainframe. The output
is disconnected from the quick disconnect board when it is
removed from the mainframe.

1.2 FEATURES

The Model 228 includes the following features:

e Six ranges that allow a wide variety of voltage/current
values.

e Seven front panel programs. The programs include:
Program 1 Copy for duplicating memory location informa-
tion.

Program 2 Sink for sink only operation.

Program 3 IEEE for changing IEEE primary address,
Program 4 MOD V for modulating output voltage.
Program 5 MOD | for modulating cutput current.
Program 6 Test for Model 228 seif test.

Program 9 Reset for resetting the Model 228 to factory set
values. See paragraph 3.13.7

® Dual displays for easy reference of the instrument’s status.
The left display has two display modes (voltage and mem-
ory step). The right display also has twe display modes
amps and seconds),

Two methods of modifying the source or sink value: Data
entry from the data keypad, and increment or decrement of
displayed valued using the decade keys.

100 point data memory to store up to 100 unique values of
voltage, current and dweli time, Each location also includes:
sink mode status and voltage current modulation status,
All information stored in a memory location is battery
backed up. This means that if the instrument is powered
down, the stored informatien (voltage, current and dwell
time parameters) remains in a particular location until
changed by the user.
OPERATE/STANDBY switch that places the output in
either the operate mode (dispiayed value is present at out-
put} or in the standby mode {output is programmed to ap-
proximately zero).
Compliance status is easy to read on the front panel com-
pliance graph. The graph shows the user at a glance how the
Model 228 is operating (source or sink polarity and voltage
or current compliance),
IEEE-488 bus operation is standard. This enables the Mode]
228 to be incorporated into a system that uses programmed
control over the IEZE-488 bus.
Single step, single cycle and continuous memory modes
control the sequence between data points in the 100 point
data memory. The program mode may be contrelled in one
of three ways; using the front panel START/STCP key, the
external trigger pulse or by commands over the [EEE-488
bus.
e QOutput terminals are located on the quick disconnect board
for optimum safety. The output terminals, the sense ter-
minals, current monitor terminals and the external modula-
tion terminals are also located on the guick disconnect
board. Several quick disconnect boards may be wired with
their own unique wiring configuration. When one configur-
ation is required, simply insert into the mainframe. In this
way, cumbersome rewiring of one board is avoided.
* Remote and Local Sensing. This allows the user to sense at
the output terminals or at the load or source. Remote sens-
ing compensates for the effects of the I[#R lead drop by
maintaining regulation at the load instead of at the outpus
terminals of the Model 228.
Four Quadrant Operation. This means that the voltage or
current outputs can operate as a source or a load in either
positive or negative polarities. The front panel compliance
graph shows the user where the Model 228 is operating
{source or sink).

1-1



» Output Modulation. This feature allows the cutput signal
to be modulated from an external AC signal source. Voltage
or current may be modulated.

* Bipclar Qutput. This means that the polarity of the output
may be reversed by using front panel controls instead of
reversing the wires,

¢ Most of the front panel keys autorepeat if heid in.

1.3 USING THE INSTRUCTION MANUAL

This manual contains information necessary for operating,
programming and servicing the Model 228 Voltage/Current
Source and is divided into the following sections:

1. Section 2 contains safety instructions and a general
operating procedure.

2. Section 3 contains front and rear panel descriptions, a
general operating procedure and specific operating ex-
amples showing how to use the Model 228,

3. Section 4 contains information pertaining to the IEEE-488
bus, including primary address selection, device-
dependent command programming, bus connection and
several sample programs.

4. Section 3 inciudes a procedure to verify the performance
of the Model 228.

5. Section 6 contains theory of operation with detailed
schematics and block diagrams. This section facilitates
understanding of the individual circuits of the Model 228.

6. Section 7 contains servicing information for the Model
228. Calibration, troubleshooting, line voltage selection,
fuse replacement and static sensitive device information is
contained in this section,

7. Section 8 gives replaceable parts information.

1.4 WARRANTY INFORMATION

Warranty information may be found inside the front cover of
this manual, Should it become necessary to exercise the war-
ranty, contact your nearest Keithley representative or the fac-
tory to determine the course of action. Keithley Instruments
maintains service facilities in the United States, United
Kingdom and throughout Europe. Addresses of these facilities
may be found inside the front cover of this manual. Informa-
tion concerning the application, operation or service of your
instrument may be directed to the application engineer at any
of these locations.

1.5 MANUAL ADDENDA

Infermation concerning improvements or changes to the in-
strument which occur after the printing of this manual may
be found on an addendum sheet included with this manual,
Be sure to review these changes before attempting to operate
the instrument.

if an additional manual is required, order the manual package
{Keithley Part Number 228-201-00). The manual package in-
cludes an instruction manual and all pertinent addenda.

1.6 SAFETY SYMBOLS AND TERMS

The following safety symbols and terms are used in this
manual or found on the Model 228:

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

The symbol Mn the instrument indicates that a lethal
potential may be present at the output terminals. Standard
safety practices should be observed when such potentials are
encountered.

The WARNING heading used in this manual explains dangers
that could result in personal injury or death.

The CAUTION heading used in this manual explains hazards
that could damage the instrument,

1.7 SPECIFICATIONS

Detailed Model 228 specifications may be found immediately
preceding this section of the manual.

1.8 UNPACKING AND INSPECTION

The Model 228 Voltage/Current Source was carefully in-
spected, both electrically and mechanically before shipment.
Upon receiving the Model 228, carefully unpack all items
from the shipping containers and check for any obvicus signs
for physical damage that may have occurred during ship-



ment. Report any damage to the shipping agent immediately.
Retain the criginal packing materials in case reshipment
becomes necessary. The following items are included with
every Model 228 crder:

Model 228 Voltage/Current Source

Model 228 Instruction Manual, Reference and Program In-
structions and the Instruction Label.

Quick Disconnect Board
Additional accessories as ordered,

1.9 ACCESSORIES

Quick Disconnect Board—The quick disconnect board con-
tains output, sense, external modulation and current monitor
terminals. The quick disconnect board inserts into the rear
panel of the Model 228 rainframe. When the board is in
place, the terminals are connected to the actual potentials (if
in the operate mode}. Removing the board from the main-
frame disconnects the terminals from the output. This is a
safety feature designed so the user should not have to come
into contact with a dangerous potential.

With all of the terminals on the board, many configurations
could be wired. Te avoid cumbersome and time consuming

rewiring for each configuration, several quick disconnect
boards could be wired for each unique configuration. The
Keithley part number of the quick disconnect board is
228-160. One quick disconnect board is supplied with each
Model 228. :

Model 2288 Fixed Rack Mount— The Model 2288 is a fixed or
stationary rack mounting kit that mounts the Model 228 in a
standard 19 inch rack.

Model 2289 Slide Rack Mount— The Mode! 2289 is a sliding

rack mount kit. It enables one Model 228 to be rack mounted
with the added feature of sliding the instrument for fast ac-
Cess.

Model 7008-3—The Model 7008-3 is a 1 meter (3 feet)
JEEE-488 cable. The cable has 24 stranded wire conductors
and is terminated on each end with standard IEEE-488 con-
neclors,

Model 7008-6— The Model 7008-6 is a 2 meter {6 feet)
IEEE-488 cable. The cable has 24 stranded wire conductors
and is terminated on each end with standard IEEE-488 con-
nectors,
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SECTION 2
SAFETY AND GENERAL OPERATION

2.1 SAFETY PRECAUTIONS

Safety information such as warnings and cautions are located
throughout this manual. The information is placed in the ap-
propriate places in the manual where a hazard may exist. The
warnings refer to a potentially dangerous situation where per-
sonal injury or even death may occur. The cautions refer to a
potentially hazardous situation where the instrument may be
damaged. Take the time to read and most of all understand
these warnings and cautions.

The following safety information is provided as a general
safety practice before, during and after operation of the
Model 228.

1. Do not operate the instrument with the top cover and/or
bottom cover removed. Lethal potentials are present
throughout the mainframe. The covers must also be in
place to allow proper air flow through the instrument,
Proper air flow is required to cool the instrument during
operation. If proper cooling is impeded the instrument
may overheat,

2, Never assume the output is at a safe potential while the
AC line is connected.

3. The Model 228 is capable of producing several times its
current rating for short periods of time (msec). Keep this
in rmind when choosing a load. Brief bursts of high current
are still enough to damage other instrumentation and
cause serious injury.

4. Using the Model 228 to sink power from an external
source requires some precautions that are outlined as
follows:

A. A temporary loss of line voltage resets the Model 228
output to a high impedance state. Therefore, a user
supplied voltage limiting circuit may be required to
control the external source. A zener dicde placed
across the output is recommended.

B. When the voltage polarity of an external source op-
poses the programmed polarity of the Model 228,
voltage has priority.
where:

Vg = Source Voltage {(Vsource)
Ig = Source Current {source
R; = Load Resistance
when:
Ry is greater than the current setting of the
Model 228.

The standby mode programs the Model 228 for ap-
proximately 0.0V, 0.0A,

VS+V223=V5‘“§“{}
Ry RL

Therefore, lg = Vg/Rp up to the limits of the cutput
fuse. The output fuse is factory rated at 20A. In some
circuit applications it may be necessary to limit the
current with a resistor or select a lower rated output
fuse. The output fuse must have a minimum voltage
rating of 250V,

C. When the voltage polarity of an external source mai-
ches the programmed polarity of the Model 228, cur-
rent has priority.
when: :

Vg—IgR; is greater than the voltage setting of
Model 228.

5, Before operation, ground the instrument through a pro-
perly earth grounded receptacle. Failure to ground the in-
strument may result in severe injury or even death in the
event of a short circuit or malfunction.

6. After extensive use of the Model 228, set the instrument to
standby and allow it to cool down for a few minutes
before turning off the power to the instrument.

7. Never come into contact with the output connections
while the instrument is turned on.

8. Observe proper polarity when operating in the sink
mode. A reversed polarity may allow the instrument to
operate at a current limit of the cutput fuse.

9, Use cabies for the output that have appropriate current .
and insulation rating. For example, if 10V at 10A is to be
produced or dissipated then the cables must be rated for
that amount. Alse, use insulated lugs for connections on
the quick disconnect board.

10. Do not leave the instrument unattended when it is in the
operate mode. Always place the instrument in standby
after the measurement or test is completed.

11. Always set up the test circuit while the power is turned
off. Do not come into contact with any part of the test cir-
cuit while power is on,

is greater than zero.

2.2 GENERAL OPERATING PROCEDURE

This is a general operating procedure to familiarize the user
with fron: panel operation of the Model 228. There are
several operating parameters involved with Model 228 opera-
tion. These parameters are taken into account in this pro-
cedure. Of course, every detail of Model 228 operation is not
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covered in the general procedure. Section 3 includes several
specific examples of Model 228 operation.

NOTE
Most of the front pane!l keys autcrepeat if held
in. Refer to the operation notes at the end of this
procedure.

1. Turn on the Model 228 and allow 10 minutes for warm up.

NOTE
To achieve rated accuracy, run Program 6 immedi-
ately after the 10-minute warm-up period.

2. Select the desired memory location. There are two
methods for selecting memory locations, This procedure
covers both methods.

MOTE
The unit powers up to memory location 1. This
need not be changed if memory control is not be-
ing used.

Method 1: Select Memory Location

A, Press the VOLTS/MEMORY STEP key if not in the
memory step display. The present memory location is
displayed on the left display.

B. Press the SELECT key to select the display to be
meodified (left or right). The selected display is indicated
by the flashing bright digit.

C. Press the left or right key {indicated by the left and
right arrows) to select the digit that is to be modified.
The selected digit is indicated by the flashing bright
digit.

D). Press the increment or decrement keys (indicated by the
up and down arrows) to modify the selected digit for
the desired memory location.

Method 2: Select Memory Location

A. Press the VOLTS/MEMORY key to select MEMORY
STEP. The present memory location is displayed on the
left display.

B. Press the SELECT key to select the left display. The
selected display is indicated by the flashing bright digit.

C. Enter the desired memory location number using the
DATA keys,

D. Press ENTER.

. Program the desired source. There are two methods for
programming the source. The source may be voltage or
current,

Method 1: Program the Source

A. Press either the VOLTS/MEMORY STEP key to
display the source voltage on the left display, or the
AMPS/DWELL TIME key to display the source cur-
rent on the right display.

B. Press the SELECT key to select the display to be
modified. The left display is for voltage and the right

display is for current. The selected display is indicated
by the flashing bright digit.

C. Press the left or right key to select which digit is to be
modified. The selected digit is indicated by the flashing
bright digit.

D. Press the increment or decrement key to modify the
selected digit and source value. The output value is up-
dated continuously along with the display when using
the increment or decrement keys.

Method 2: Program the Source ]

A. Press the VOLTS/MEMORY STEP key to display the
source voltage, or the AMPS/DWELL TIME key to
display the source current.

B. Press the SELECT key to select the left display; the left
display for voltage or the right display for current. The
selected display is indicated by the flashing bright digit.

C. Enter the desired source value on the display using the
DATA key.

D. Press ENTER.

. Program the desired dwell time, This may. be done by oné

of two methods.

Method 1: Program Dwell Time

A. Press the AMPS/DWELL TIME key if dwell time is not
displayed. The present dwell time is displayed on the
right display.

B. Press the SELECT key to select the left display. The
selected display is indicated by the flashing bright digit.

C. Press the left or right key to select the digit to be
medified. The selected digit is indicated by the flashing
bright digit.

D. Press the increment or decrement key (indicated by the
up and down arrows} to modify the selected digit and
dwell time. The value is updated continuously along
with the display when using the increment or decre-
ment keys,

Method 2: Program Dwell Time

A. Press the AMPS/DWELL TIME key if not in the dwel]
time mode. The present dwell time is displayed on the
right display.

B. Press the SELECT key to select the left display. The
selected digit is indicated by the flashing bright digit.

C. Enter the desired dwell time using the DATA keys.

D. Press ENTER.

. Select the desired memory control mode {single step, single

cycle or centinuous).

. Connect appropriate load.
. Select remote or local sensing (rear panel switch),
. Program the instrument to the operate mode by pressing

the OPERATE/STANDBY key.

. If applicable, press the START/STOP key to start the

selected memory control mode.



Notes .
1. Using the increment or decrement keys to either exceed

10.

11.

1Z.

13.

14.

the maximum value for that range or change sign, briefly
displays an error message and the last key pressed is ig-
nored. Refer to Tables 3-4, 3-5 and 3-6 for front panel

messages,

. Using the increment and decrement keys to adjust the

most significant digit does not change the range. The
range error message is displayed for about one second
and the instrument remains at the previous setting,

. During the edit mode, if no activity has happened on the

front panel for approximately 20 seconds or if the ENTER
key is pressed, the edit mode is cancelled and the display
returns to normal intensity.

. For the current function the output load must be, in

general, non-inductive. A small amount of inductance in
the load can be tolerated if the inductive reactive voltage
L -;‘.‘—i is limnited to the maximum compliance voitage of the
range. Table 3-9 lists the maximum inductive reaction
voltage for each current range. Refer to paragraph 3.12.3

. Operation of the Model 228 as a power sink produces

heat. The Model 228 employs a fan for forced air cooling.
Do not block the airflow of the fan. The instrument may
overheat and go into the thermal shut down mode.

. When using the DATA keypad to modify the displayed

data, the actual value is not entered until the ENTER but-
ton is pressed.

. In the operate mode (OPERATE LED on), the actual
voltage and current are monitored and displayed. For ex-.

ample, if 3V, 5A are programmed and the load is drawing
2.3A, then 5V, 2.3A is displayed.

. All of the front panel keys (except PROGRAM,

CANCEL, OPERATE and LOCAL) autorepeat if heid in.

. In the immediate mode {which uses DECADE keys and

output is updated along with the display), the ENTER key
need not be pressed. After approximately 20 seconds the
Model 228 cancels the edit mode and retums to the
previous operating mode. The new data remains,

The STANDBY LED is of amber color to distinguish it
from the OPERATE LED which is red.

If the internal operating temperature reaches over 100°C,
the Model 228 displays an error message as shown in
Tables 3-4, 3-5 and 3-6. At this point the instrument locks
up and displays the error message. The Model 228 must
be turned off and allowed to cool down before continuing
operation.

The Model 228 when First turned on, goes through a
power up sequence that is described in Section 3.

The Model 228 has a bipolar output. This means that the
polarity of the output may be reversed without having to
reverse the output leads.

Al of the information programmed into the memory
jocations is battery backed up. This means that if the in-
strument is powered down, the information programmed
in the memory locations is not lost. The information re-
mains in the memory location until changed by the user,

15. Tables 3-4, 3-5 and 3-6 contain a complete list of front

16.

17.

18.

19.

20.

21.

parel messages and their definition. Included are error
and instrument status messages.

The user selects the range with the absolute location of
the decimal point. 1,000V selects the 1V range, 1V out-
put. 1.00V selects the 10V range, 1V output. 001.V selects
the 100V range, 1V output.

Increment and decrement keys do not change the range or
polarity. These functions increase/decrease the
magnitude of both positive and negative limits.

After power on, the current range select relays remain
open until the operate key is pressed the first time. This
effectively open-circuits the output and may cause tran-
sients on the output during auto cal and the first time
operate is selected.

CAUTION
The MONITOR and MODULATION terminals re-
main connected to the Model 228’s internal cir-
cuitry; therefore, large voitages or currents may
exist between OUT+ and these terminals dur-
ing calibration.

While in the standby mode, the output remains pro-
grammed the same as when first programmed to standby.
Therefore range changes, source/sink status, (etc.} take
affect when operate is selected.

The front pane! compliance graph may show multiple
LEDs. As an example; when current is zero, +0 and —0
are approximately the same magnitude so two LEDs will
show.

If the measured output current exceeds 200% of range,
the output is disconnected and the Model 228 is placed in
the standby mode. Normal operation returns by pressing
the OPERATE key.

2.3 GENERAL OPERATION NOTES

1.

Using the increment or decrement keys to either exceed
the maximum value for that range or change sign, causes
the Model 228 to briefly display an error message. The
last key pressed is ignored. Refer to Tables 3-4, 3-5 and
3-6 for front panel messages.

. Using the increment or decrement key to adjust the most
significant digit does not change the range. The range er-
ror message is displayed for about one second; and the in-
strument rernains at the maximum display for that range
or zero, whichever is programmed.

. During the edit mode, if no activity has happened on the
front panel for approximately 20 seconds, or if the
ENTER key is pressed. the edi: mode is cancefled. The
display returns to normal intensity.

. For the current function, the output load must be, in
general non-inductive. A small amount of inductance in
the load can be tolerated if the inductive reactive voltage,
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10.

i1,

12,

13.

14.

15.

L4 is limited to the maximum compliance voltage of the
range. Table 3-4 lists the maximum inductive reaction
voltage for each current range,

. Operation of the Model 228 as a power sink produces

heat. The Model 228 employs a fan for forced air cooling.
Do not block the airflow of the fan. The instrument may
overheat and go into the thermal lock up mode.

. When using the DATA keypad to modify the displayed

data, the actual value is not entered until the ENTER but-
ton is pressaed.

. In the operate mode (OPERATE LED on), the actual

voltage and current are monitored and can be displayed.
For example, if 5V, 5A are programmed and the load is
drawing 2.3A, then 5V, 2.3A is displayed,

. All of the front panel keys {except PROGRAM, CAN-

CEL, OPERATE and LOCAL} autorepeat if heid in.

. In the immediate mode {using DECADE keys and the out-

put is updated along with the display) the ENTER key
need not be pressed. After approximately 20 seconds, the
Model 228 cancels the edit mode and returns to the
previous operating mode, The new data remains.

The STANDBY LED is of amber color to distinguish it
from the OPERATE LED which is red.

If the internal operating temperature reaches over 100°C,
the Model 228 displays an error message as shown in
Table 3-4. At this point, the instrument locks up with the
error message displayed. The Model 228 must be turned
off and allowed to cool down before continuing opera-
tion.

The Model 228 goes through an autocalibration cycle
when the instrument is powered on. Refer to the
maintenance section for complete details.

The Model 228 has a bipolar output. This means that the
polarity of the output may be reversed without having to
reverse the output leads.

All of the information programmed into the memory
locations is battery backed up. This means that if the in-
strument is powered down, the information programmed
in the memory locations is not lost. The information re-
mains in the memory locations until changed by the user.
Tables 3-3, 3-6 and 3-7, contain a complete list of front
panel messages and their definition. The messages in-
clude: error messages and instrument status messages.
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2.4 STANDBY MODE NOTES

The following situations depict when the Model 228 output is
electrically disconnected (via internal relays) from the instru-
ment.

1. Power is off,

2. During the auto calibration cycle. Upon power up, until
the end of the calibration cycle and during a portion of
front panel Program 6. _

3. Within a few line cycles for low or missing line voltage. If
the microprocessor is reset, the normal power up sequence
occurs, If the microprocessor is not reset, the next time the
A/D is triggered (approximately six times a second) or
when the output is changed.

In the standby mode the Model 228 output is still active. The

standby mode has the same effect as programming the output

for the following conditions:

1. OV +four counts (on the same voltage range and same
polarity).

2. OA +four counts (on the same current range and same
polarity).

3. MOD V off.

4. MOD 1 off.

The output is NOT disconnected. Programming the output

for the new values, ranges polarity, sink mode or modulation

does NOT change the output until the Mode! 228 is placed in

the operate mode.

Notes

1. Since the output is still active, the quick disconnect card
should be removed from the mainframe BEFORE any wir-
ing changes are to be made.

2. The Model 228 looks like a short or an open circuit to an

external source. This depends on whether the voltage
polarities oppose or match before the Model 228 is placed
in standby. Polarity changes do not affect the output until
the Model 228 is placed in the operate mode.

3. Large reactive loads are not immediately discharged by
placing the Model 228 in the standby mode. This is
because the OV setting does not change the current through
an inductor and the 0A setting does not change the voltage
acress a capacitor. In reality, capacitors and inductors
discharge at approximately 0.4% of range when the Model
228 is in the standby mode.



SECTION 3
FRONT PANEL OPERATION

3.1 INTRODUCTION

Information in this section concerns front panel operation of
the Model 228 and is divided into four categories: operating
instructions, operating examples, front panel programs and
applications. Operating instructions include using the Model
228 to source or sink, voltage or current, in the positive or
negative direction. Operating examples cover many aspects
of Model 228 operation. The front panel programs section
describes each program and gives a few examples of Model
228 uses:

3.2 PREPARATION FOR USE

The foliowing steps must be performed to prepare the Mode]
228 for operation, These steps can be performed quickly and
will ensure proper line voitage and fuse selection.

3.2.1 Line Voltage Selection

The Model 228 may be operated from either 105V-125V or
210V-250V, 50Hz or 60Hz power source. The instrument was
shipped from the factory set for an operating voltage that is
marked on the rear panel. The operating voltage of the instru-
ment is internally selectable. Refer to Section ¥ Maintenance,
for information on setting the line voltage.

CAUTION
Do not attempt to operate the instrument
on a supply voitage outside the indicated
range. Damage to the instrument may oc-
cur.

3.2.2 Fuse Checks

It is important to check each of the three fuses for proper
rating before applying power to the Model 228. If the line
voltage was recently changed, the linear supply fuse (LINE
FUSE 1} and the switching supply fuse (LINE FUSE 2) must
also be changed to accomodate the new line voitage. The out-
put fuse (QUTPUT FUSE) should also be checked for proper
rating. Refer to Section 7 Maintenance, for information en
proper fuse rating.

CAUTION
Check alf three fuses for appropriate rating.
The fuse ratings are listed in Tables 7-1 and
7-2, and they are also shown on the rear
panel. Incorrect rating may cause damage
to the instrument in case of short circuit or
malfunction,

3.3 POWER UP

Plug the Model 228 into the proper power source. (see Table
3-1.) For fuse replacement of line switch (5102} setting, refer
to Section 7 Maintenance,

WARNING
Ground the instrument through a propertly
earth grounded receptacle before operat-
ing. Failure to ground the instrument may
result in severe injury or death in the event
of a short circuit or malfunction,

Table 3-1. Line Voltage Setting

Switch |
Setting |
Input Voltage | (SW302); Fuse 1 Fuse 2
90V —110Vv* 116V [ 6.34, 250V | 1A, 250V
108V~ 125V 715V | BA, 260V 3/4A, 250V
180V 220V 230V | 3.1BA, 250V | 0.5A, 280V
210V —-250V 230V | 2.BA, 250V | 3/8A, 250V

*QOperation at these input voitages requires power supply
modifications. Refer to the maintenance section of this
manual for more information.

Turn the instrument on. The Model 228 runs through a power

up sequence that is described as follows:

1. Immediately after turning on the Model 228 via the front
panel POWER switch, both displays indicate the following

for several seconds:
*|HEH| =IEHHA

A. This is a display test. The operator can note incperative
display segments by comparing the Model 228's display
with the above figure.

B. In addition, 2ll LEDs are turned on for the same period
of time. The LEDs include: VOLTS, MEM STEP,
AMPS, SECONDS, STANDBY, OPERATE, STOP,
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START, SINGLE MODULATE I, MODULATE V and
SINK ONLY. All of these LEDs light simultaneously if
operating properly.

C. While the display test is running, the Model 228 is per-
forming a digital self test on the RAM circuitry and
cyclic redundancy check (CRC) on the ROM circuitry.
If there is a problem, the Model 228 displays an error
message, For further information, refer to Section 7
Maintenance.

If the Model 228 did not pass the RAM test the following is
displayed,

Y, HHA| Z.AAAA

If the Model 228 did not pass the ROM test the following is
displayed.

+ 000 EEE

2. The Model 228 displays the software revision level. The
following is an example of software revision Al.

red A/

3. Next, the Model 228 displays the present primary address.
The following is an example of primary address set to 11.

IEEE ] |

3.4 WARM UP

In order to achieve rated accuracy, the Model 228 requires ten
minutes for warm up.

NOTE
To achieve rated accuracy, run Program 6 immedi-
ately after the 10-minute warm-up period.

3.5 ENVIRONMENTAL CONDITIONS

Operate the Model 228 in an environment with an ambient
temperature within the range of 0°C to 50°C, up to 35°C at
80% non-condensing relative humidity. Environmental con-
ditions for storage are from —25°C to 70°C.

3.6 OPERATING INSTRUCTIONS

The following instructions show how to operate the Model
228 using the front panel controls. In order to operate the
Model 228, the user must understand the front and rear panel
controls. It is important to read and follow the safety precau-
tions and warnings before operating the instrument. A brief
description of the front panel controls is provided in Table
3-2. A more detailed description of the front panel controls is
contained in paragraph 3.7. A brief descriptien of the rear
panel terminals and controls is provided in Table 3-3, A more
detailed description of the rear panel controls is contained in
paragraph 3.8. Figure 3-2 shows the front panel of the Model
228. Figure 3-3 shows the rear panel of the Model 228. A
graph of operation is contained in Figure 1.

+V

= + 115V [DESTAUCTIVE LIMIT) G

= -~ CURRENT LIMIT {+ PROGRAMMED) H
i
J

A = - 115 {DESTRUCTIVE LIMIT}
B =

C = +VOLTAGE LIMIT {+ PROGRAMMED)

2]

3

F

+CURRENT LIMIT [ — PROGRAMMED}
= —VOLTAGE LMIT { - PACGRAMMED)
= - SURRENT LIMIT (— PROGRAMMED]
K = +VOLTAGE UMIT { — PROGRAMMED]
L = 204 FUSE

Figure 3-1.Graph of Gperation




Table 3-2. Front Panel Controis

Controi Description
POWER ON/OFF Turns the unit on or off.
OPERATE/STANDBY Places the output in either standby or operate. Standby programs the output

VOLTS/MEMORY STEP

AMPS/DWELL TIME

DISPLAY MODIFY GROUP

SELECT
DECADE

ENTER
DATA

MEMORY CONTROL GRQUP

START/STGP
SINGLE STEP

SINGLE CYCLE

CONTINUQUS

PROGRAM CONTROL GROUP

PROGRAM

CANCEL

LOCAL

terminais for OV, 0A. Operate places the programmed value {voltage or cur-
rent} on the output terminals.

Places the left display (viewed from the front panel) in either the volts display
mode or the memory step mode.

Places the left dispiay (viewed from the front panel} in either the amps display
mode or the dweli time display mode.

Determines which display {left or right! to modify.

The DECADE keys {left, right, up and down] madify the seiected display. The
left and right keys {indicated by the left and right arrows) select which digit is
10 be modified. The increment and decrement keys (indicated by the up and
down arrows} increment or decrement the value of the selected (bright) digit
and therefore the displayed valug by one unit each time the key is presssd.
The output tracks the increment or decrement of the displayed value.

The ENTER key places the displayed data into the present memory location.
The DATA keys enter the desired value on the display. ENTER must be
pressed 1o update the value to the output. The DATA keys also activate the
desired front panel program. Refer to paragraph 3.11 for front panel pro-
grams.

The START/STGOP key enables or disables the memory control functions.
Selects the SINGLE STEP memory control function which allows the user fo
step through the programmed memory locations one at a time. Each suc-
cessive key pressed advances the unit to the next mermory location. The
memory control mode must be activated in order for single step to operate.

Seiects the single cycle memory control function which aliows the user to run
through one compiete cycle of the programmed memory location. The
memory control mode must be activated in order for Single Cycle to operate.
Selects the CONTINUCUS memory function which allows the user to run
through the programmed memeory locations continuously. The memory con-
trol mode must be activated in order for CONTINUQUS to cperate.

The PROGRAM key is used as the first step in activating the front panel pro-
grams.

The CANCEL key has two functions. In the program mode, the CANCEL key
takes the instrument out of the program mode. During entry of new data, the
CANCEL key terminates editing. The instrument is then returned to the
previous operating mode.

The LOCAL key enables front panel operation. In the remote mode {over
IEEE-488 bus), pressing the LOCAL key enables front pane! operation and
takes the Model 228 out of the remote mode.
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Table 3-3. Rear Panel Description

Connections/Controis

Dascription

CUTPUT CONNECTOR

SENSE

CURRENT MONITOR

TRIGGER IN

TRIGGER OUT

‘EXTERI\EAL MODULATION

SENSING

FUSE 1

FUSE 2

FUSE 3
|IEEE-488 Connector

LINE RECEPTACLE

The output connections are located on a card that is inserted into the
Modei 228 mainframe. When the connector is removed from the mainframe
the cutput connections are disengaged from the actual output potentials.
The sense connectors are located on a card that is inserted into the Model
228 mainframe. The sense lines are used to sense the output at the cutput
connector {Local) or sense the output at the load {(Remote).

This connection supplies a voltage proportional to the output current for
use with oscilloscopes or DMMs,

The TRIGGER IN connector accepts a TTL level negative going puise of
greater than 10psec 10 initiate the selected memory mode.

The TRIGGER OUT connector outputs a8 TTL level negative going puise of
greater than t0usec at the end of sach pregrammed dwell time,

This connector allows the output {voltage or current) to be externally
modulated.

The REMOTE/L.OCAL SENSING switch selects sensing from the sense ter-
minals or the output terminals.

This is the line power fuse for the linear power supply on the analog board,
The fuse is rated as shown in Tables 7-1 and 7-2. If this fuse is blown the
Model 228 will not power up.

This is the switching supply fuse. It is rated as shown in Tables 7-1 and
7-2. If this fuse is blown there is no output present,

This is the output fuse. The fuse is rated at 20A.

This connector is used 1o connect the instrument to the |EEE-488 bus. The
IEEE interface functions are marked above the connector.

The line recepiacle connects to a three wire line cord which provides con-
nections to the line voltage.
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3.7 FRONT PANEL DESCRIPTION

OPERATION GROUP

POWER ON/OFF—The ON/QOFF switch operates on the
push-push principle. Depressing this switch turns the instru-
ment on. Once the instrument is on, pressing (releasing) this
switch turns the instrument off. When the Model 228 is turn-
ed on, the output is programmed to about OV, 0A and the
programmed settings are displayed. Note that the Model 228
does not change range polarity or sink status while in the
standby modes, and external modulation is disabled.

OPERATE/STANDBY —The OPERATE/STANDBY key is
an alternate action control (toggle) which places the Model
228 in either the operate mode or the standby mode. In the
operate mode, the OPERATE LED is turned on and the pro-
grammed source value is present on the output terminals. In
the standby mode, the STANDBY LED is turned on the out-
put is programmed to approximately zero and the displayed
value remains the same.

In the standby mode the Model 228 is still active. The standby
mode has the same effect as programming the output for the
following conditions:

1. 0V +four counts (on the same voltage range and polarity).

2. 0A +four counts (on the same current range and same
polarity).

3. MOD V off.,

4. MOD 1 off.

The output is NOT disconnected. Programming the output
for a new value, range polarity, sink mode or modulation,
does not change the output until the Model 228 is placed in
the operate mode,

Notes

1. Since the output is still active the quick disconnect board
should be removed from the mainframe before any wiring
changes are to be made.

2. The Model 228 looks like a short or an open circuit to an
external source. This depends on whether the voltage
polarities oppose or match before the Model 228 is placed
in standby. Polarity changes do not affect the output until
the Model 228 is placed in the operate mode.

3. Large reactive loads are not discharged immediately after
placing the Model 228 in the standby mode. This is because
the OV setting does not change the current through an in-
ductor and the DA setting does not change the voltage
across a capacitor. In general, capacitors and inductors
discharge at approximately 0.4% of range when the Model
228 is in the standby mode.

VOLTS/MEMORY STEP—The VOLTS/MEMORY STEP
key is an alternate action control which places the left display
in either the volts display mode or the memory step mode. In
the volts display mode, the voltage for the present memory
location {step) is displayed on the left display. In the memory
step mode, the present memory location is displayed on the
left display. This key allows the user to view either the pre-
sent memory location or the voltage at the present memory
location. There are 100 memory locations (steps). Each
memory location contains five parameters (Voltage, Current, .
Dwell Time, Modulation on or off and Sink Mode on or off).
These parameters are defined (programmed) by the user. This
means that each memory location may have its own unigue
values.

AMPS/DWELL TIME—The AMPS/DWELL TIME key is an
alternate action control which places the right display in
either the amps display mode or the dwell time display mode.
In the amps display mode, the current for the present memory
location is displayed on the right display. In the dwell time
display mode, the dwell time for the present memory location
is displayed on the right display. This key allows the user to
view either the dwell time for the present memory location or
the current for the present memory location. The dwell time
ranges from 20msec to 1000sec.

PISPLAY MODIFY GROUP (EDIT)
- N

DISPLAY MGDIFY
ISELECT Cj ENTER

40 >

. S

SELECT—The SELECT key determines which display (left or
right) can be configured. Pressing the SELECT key once
selects the previously selected display for modification.
Subsequent key presses toggle the edit mode between
displays. Use the SELECT key before modifying the volts,
memory step, amps ot dwell time functions.

DECADE—The DECADE keys (right, left, up and down)
modify the selected display. The left and right keys (indicated
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by left and right arrows) select which digit on the display is to
be modified. These keys wrap the cursor around to the op-
posite end {most significant} digit if attempting to go beyond
the left most or right most (least significant) digit. The modify
digit is indicated by the “bright flashing” digit on the display.
The left and right keys autorepeat if held in. That is, the left
key when pressed and held in keeps advancing to the next
digit to the left. The same is true for the right key except, of
course, it advances to the right.

The increment and decrement keys (indicated by the up and
down arrows) increment and decrement the modify (bright)
digit and therefore the displayed value. The modify digit is
modified by one unit each time the increment or decrement

key is pressed. The increment/decrement keys are
autorepeating. That is, pressing and holding in the increment
key increments the display continually until the range limit is
reached or the key is released. The same is true for the decre-
ment key.

The increment key has the mathematical carry capability.
This means that if the moedify digit is a 9, pressing the incre-
ment key once sets the modify digit to 0 and the next signifi-
cant digit is increased by one. If the display is at the max-
imum (1010), pressing the increment key causes an error
message to be displayed for approximately one second. Refer
to Tables 3-4, 3-5 and 3-6 for front panel messages and Table
3-7 for the power up default conditions. The display then
returns to the previous condition,

Table 3-4. Front Panel Messages

Message Message
Left Display |Right Display Comments
buF Err Bad data was copied from the memory buffers.
+5 Err + BV analog supply is outside of a +50% range.
-5 Err -5V analog supply is outside of a +50% range.
+ 15 Err + 18V analog supply is outside of a +50% range.
-18 Err - 15V analog supply is outside of a +50% range.
+115 Err + 118V analog supply is outside of a +50% range.
- 115 Ermr — 118V analog supply is cutside of g +50% range.
—~50° Err Temperature sensor is not operating properly.
+80° Err Heat sink temperature has increased past 80°C. Turn sink mode on.
+100° Err Temperature exceseds 100°C. The Model 228 turns off the switching supply
and locks up the front panel. Turn off power and let it cool down.
CAL Err1 Calibration error. Autocalibration cannot be performed. Voltage DAC {Digital
to Ansalog Converter) gain is out of cal range. _
CAL Er2 Calibration: error. Auto calibration cannot be performed. Voltage DAC (Digital
to Analog Converter) offset is out of cai range.
CAL Err3 Calibration error, Auto calibration cannot be performed. Current DAC (Digital
to Anglog Converters) gain is out of cal range.
CAL Errd Calibration error. Auto calibration cannot be performed, Current DAC {Digital
to Analog Converter} offset is out of cal range.
no AdFb No data transmits across the opto-isolators.
Ad Err A/D error. The A/D does not read the 1V reference and ground properly.
no Pro No program exists. lllegal program number attempted.
IEEE Err IEEE address error. An attempt to enter an illegal IEEE address was made.
The range of IEEE addresses is 0-31.
bufF End Buffer end. The end of memory locations is reached. Maximum of 100 loca-
tions.
iddC llegal Device-Dependent Command
IddCo flegal Device-Dependent Command Option
no rn No remote. The instrument was not in remote when programmed.
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Table 3-5. Front Panel Messages and Prompts

Message Message
Left Display| Right Display| Comments

|EEE 11 IEEE address. Address 11 shown. Front panel Program 3 activated or power
up sequence.

rEy A Software revision level. Revision A shown.

Pro ? Prompt to enter the number of the desired front panel program.

CAL 20 Calibration. The Madel 228 is going through the autocalibration sequence.
The Model 228 counts down from 20 to 0 during this sequence, This se-
quence may be bypassed by pressing the CANCEL key. However, the
previous cal will be valid.

U on External mociulate V program is on.
U off External moduiate V program is off.
| on Extarnal modulate | program is on.
I off External modulate | program is off,

Sin on Sink program on.

Sin oFF Sink program off.

CoP 002 Copy program enabled. Contents of memory location 1 duplicated into

memory location 2.

Table 3-6. Error Massages (Either Display)*

Message | Comments

oFL Overflow. Attempt to output beyond the present range. Reading
exceeds 1899 on any range.

mG Range. Attempt to program beyond the present range. 1Hegat
range combination.

Err Error. Exceeded 1010 limit or attempt to program below zero,

*NOTE: These messages appear on the display where the error occurred.
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Table 3-7. Power Up Default Con’ditions

Mode Vaiue | Status
Display DO | Left Display = Volts, Right Display = Amps. Left Display ready for edit.
Function FO | Standby {output programmed to +4 counts on present range)
Data Format (G0 | Prefix of buffer location contents.
EQ! KO |Send ECL
SRQ MC | Disabled
Program Mode PO | Single Step Mode.
Range RO | Autorange
Trigger T6 |Stopon X
Terminator CR LF|Carriage Return Line Feed
Buffer Location BOO1 : Location #1
Voltage V | Dependent on previously prograrmmed values of memory location 1,
Current i Dependant on previcusly programmed values of memory location 1,
Dwell Time W | Dependent on previously programmed values of memary location 1.
Sink Mode S Dependent on previously programmed values of memory location 1.
External Modulation A | Dependent on previously programmed values of memery location 1.

C | Dependent on previously programmed values of memory location 1.
Program 1 Copy | Disabled
Program 2 Sink | Dependent on previcusly programmed values of memory location 1.
Program 3 {EEE < Not affected
Program 4 Maod Vi Dependent on previously programmed values of memory location 1.
Program 5 Med | | Dependent on previously programmed values of memory location 1.
Porgram 6 "~ Test |J1if passed; In status byte

J2 if failed; In status byte

Program 9 Reset | Disabled

The decrement key has the mathematical borrow capabiiity.
This means that if the modify digit is O, pressing the decre-
ment key sets the modify digit to 9 and the next significant
digit is decreased by one unit. If the display is 0000, pressing
the decrement key causes an error message to be displayed for
approximately one second. The display then returns to the
previous condition.

Using the increment and decrement keys to change the sign of
the displayed value causes and error message to be displayed
for approximately one second. The display then returns to the
previcus condition.

The DECADE keys operate in the immediate mode. In the im-
mediate mode, the output value is updated as the display is
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updated. For example: If 95.0V is displayed and present on
the output, selecting the 5 digit and pressing the increment
key increases the display to 96.0V. At the samie time, the out-
put is also changed to $6.0V.

ENTER—The ENTER key loads the displayed data into the
present mernory location. Pressing the ENTER key after
modifying the displayed data, loads the new data into the
present memory location. The display then reverts to normal
intensity and the display modifying operation (edit) is ter-
minated. The DATA keys do not affect the cutput until the
ENTER key is pressed.
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DATA-—The DATA keys have dual functions. In the enter
mode, these keys enter the desired number on the display. In
the program mode, the keys activate the desired program.
The front pane! programs are described in paragraph 3.11.
Entering data on the display using the DATA keys always
start with the Jeft most (most significant) digit on the display.

MEMORY CONTROL GROUP

MEMORY CONTROL

STCGP

D [T START

B SINGLE STEP

(] [Osneecvee

[} conTINUOUS

\_ J

START/STOP—The START/STOP key serves three func-

tions that are described as follows:

1. When the START/STOP key is pressed, the selected
memory control mode (Single Step, Single Cycle or Con-
tinuous) is started,

2. Pressing the START/STOP key while the memory control
mode is running stops the memory control mode at the
present memory Jocation.

3. In the single step memory control mode, pressing the
START/STOP key advances the instrument to the next
programmed memory location. '

The START/STOP LED is turned on while the single cycle
and continuous memory control mode is going through its cy-
cle. In the single step memory contrel mode, the START/
STOP LED is turned off for the duration of the programmed
dwell time of the memory location.

When the Model 228 is in the standby mode (OPERATE LED
is turned off) and either the single cycle or continuous
memory control mede, the START/STOF key continues to
control the buffer with no ouiput present on outpul ter-
minals. For example: The continuous mode keeps going on its
cycle even though the Model 228 is in the standby mode
(STANDBY LED on).

SINGLE STEP—in the single step mode {SINGLE STEP LED
is on), the memory location is advanced by one step each time
the START/STOP key is pressed or the proper external trig-
ger pulse is received. The voltage , current and dwell time
may be different for each memory location. That is, the user
defines these parameters for each memory location.

At the completion of the programmed dwell time a pulse is
sent out via the external trigger output connector. The
START/STOP LED is turned off at this time, The pulse is a
negative going T1L level pulse with a duration of greater than
10usec. The pulse could be used to trigger ancther instrument
into its special function (e.g. chart recorder, DMM, etc).

Pressing the SINGLE STEP key when in the last programmed
memory location and the single step mode causes the Model
228 to revert to memory location 1.

A zero dwell time for any memery location causes the Model
228 to jump to memory location 1.
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SINGLE CYCLE—In the single cycle mode {SINGLE CYCLE
LED is on), and upon actuation of the START/STOP key or
upon receiving a proper external trigger pulse, the Model 228
advances to the next memory location. After the duration of
the dwell time for the memory location the Model 228 ad-
vances to the next memory location. START/STOP LED is
turned on. This cycle continues advancing through the pro-
grammed memory location until the last programmed loca-
tion is reached or stops at last memory location before zero
dwell time, Pressing the START/STOP key jumps the Model
228 to memory location 1.

The voltage, current and dwell time parameters may be dif-
ferent for each memory location. That is, the user defines
these three parameters.

At the completion of each programmed dwell time, the Model
228 outputs a negative going TTL level pulse of greater than
10usec in duration. The pulse appears at the external trigger
output connector on the rear panel. This pulse could be used
to trigger another instrument into operation {e.g. DMM, con-
trolier, etc.)

CONTINUQUS-~In the continuous mode (CONTINUOUS
LED is on) and upon actuation of the START/STOP key or
after the proper external trigger pulse is received, the Model
228 advances to the next programmed memory location.
After the duration of the present mermory location the Model
228 advances to the next programmed memory location and
remains there for its programmed dwell time. This cycle con-
tinues until the last programmed memory location is reached
or a memory location with a zero dwell time is reached. At
this point the Model 228 jumps to memory location 1. The cy-
cle then repeats and continues repeating until it is stopped.

The voltage, current and dwell time parameters may be dif-
ferent for each memory location. That is, the user defines
these three parameters, Just like the single step and single cy-
cle modes, in the continuous mode a negative going TTL level
pulse of greater than 10usec appears at the external trigger
output connector upon completion of each programmed
dwell time. This pulse could be used to trigger another instru-
mernt into its function in the system (e.g. start measurement
cycle on DMM, inform a controiler that the dwell time is end-
ed, etc.). A zero dwell time for any memory location reverts
the Model 228 to memory location 1.
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PROGRAM GROUP

PROGRAM CONTRCL

[: PROGRAM

Ej CANCEL
N Y,

PROGRAM—The PROGRAM key is used as the first step in
activating the front panel address,

CANCEL—The CANCEL key has two levels of operation
and they are described as follows:

1. Pressing the CANCEL key when a front panel program is
running terminates the program mode and reverts the
Model 228 to the previous mode of operation.

2. Pressing the CANCEL key during the entry of data in any
of the programs, reverts the new data to the previous data,
terminates the program and then terminates the program
rmode. The instrument is then reverted to the previous
mode of operation.

COMPLIANCE Graph—The COMPLIANCE graph indicates
the state of the output. Refer to the front panel and/or
following Figure. By noting the front panel COMPLIANCE
graph four parameters concerning the output are known.

1. The polarity of the veltage.

2. The polarity of the current.

3, The controlling function {(Veltage or Current).
4. Operation as a sink or sourge.

For example: If the LED just above the +1 {(+Iisoipre sym-
bol is turned on, then four parameters are known.

1. The polarity of the voltage positive.

2. The polarity of the current is positive.
3. The controlling function is current.

4, The instrument is operating as a source.



The reason that the current is the controlling function is that
the line for that LED goes through the +1 axis the current is
constant and the voltage is the parameter that varies. For line
intersecting the voltage axis it is the voltage that is the con-
trolling Function and the current is the parameter that varies.

As another example consider that the LED just to the right of
the —V(=Vgnk) symbol is turned on. As in the previous
example, four parameters are known by noting the COM-
PLIANCE graph.

1. The polarity of the voltage is negative

2. The polarity of the current is positive.

3, Voltage is the controliing funetion,

4. The instrument is operating as an active load {current

sink}.
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LOCAL—In the remote mode {IEEE-488 bus operation) of
operation all front pane! controls except LOCAL and
POWER ON/OFF are disabled. Pressing the LOCAL key
takes the Model 228 out of the remote mode and enabiles all of
the front panel controls.

REMOTE LED—When the REMOTE LED is on, the Model
228 is in the remote mode of operation {IEEE~488 bus opera-
tion), When the REMOTE LED is off, the Model 228 is in the
local mode of operation. Refer to Section 4 for more informa-
tion concerning [EEE-488 bus operation.

TALK LEDw..\When the TALK LED is on, the Model 228 is in
the talk mode. Refer to Section 4 for more information con-
cerning IEEE-bus operation.

LISTEN LED—When the LISTEN LED is on, the Model 228 is
in the lsten mode, Refer to Section 4 for more information
concerning IEEE-488 bus operation. :

MODULATE I-—When the MODULATE [ LED is on, exter-
nal current modulation is enabled. An external AC signal can
be superimposed on the ouput current through the external
modulation connector on the rear panel. This assumes that
current is the controlling function. Current is the controlling
function when the Model 228 voltage (V) setting is greater
than the product of the Mode! 228 current (I) setting and the
user load.

MODULATE V—When the MODULATE V LED is on, the
Model 228 is in the voltage modulation mode. An external
AC signal up to the specified limits may be superimposed on
the output voltage through the quick disconnect board on the
rear panel. This assumes that voltage is the controlling func-
tion. Voltage is the controlling function when the Model 228
voltage (V) setting is less than the product of the Model 228
current (1) setting and the user load.

SINK ONLY —When the SINK ONLY LED is on, the Model
228 is in the sink mode of operation. Take note of the front
panel COMPLIANCE graph. The COMPLIANCE graph in-
dicates which guadrant of sink mode the Model 228 is
operating.
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DISPLAYS
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VOLTS/MEMORY STEP Display—The left display (viewed
from thé front panel) is used exclusively for the volts and the
memory step modes. The display is a 332 digit £1999 count
LED display. The VOLTS LED and the MEMORY STEP LED
are located next to the display. These LEDs indicate which
mode is activated {volts or memory step).

AMPS/DWELL TIME Display—The right display (viewed
from the front panel) is used exclusively for the amps and the
dwell time modes. The display is a 334 digit £1999 count
LED display. The AMPS LED and the DWELL TIME LED are
located next to the display. These LEDs indicate which mode
is activated (amps or dwell time).

3.8 REAR PANEL DESCRIPTION

OUTPUT CONNECTOR GROUP

Cutput Connector—The output connector {(OUT+ and

QUT — terminals) are located on the quick disconnect board.
This board fits into the Model 228 mainframe. The output is
disconnected when the quick disconnect board is removed
from the mainframe. The output terminals are screw type ter-
minals that accept up to #16 AWG wire. Only insulated lugs
should be used to connect te the output terminals on the
quick disconnect board. An example of an insulated lug is
Keithley part number LU-§9-2.

CAUTION
Care should be taken to avoid shorting the
terminals on the quick disconnect board.
Instrument damage may occur.

Sense Terminals—The sense terminals are located on the
quick disconnect board. The sense terminals are used in the
volts mode. When a load is connected to the Model 228, there
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is an IR lead drop between the load and the Model 228. in
some situations the IR lead drop is negligible and not need be
taken into consideration. This is where local sensing may be
used. In other situations the IR lead drop may cause an error
in the actual voltage delivered. In this case the Model 228
could be configured for remote sensing,.

Remote sensing compensates for the IR lead drop by main-
taining regulation at the load instead of at the output ter-
minals of the Model 228,

When using remote sensing, the output sense <+ {S+) terminal
must be connected to OUT+ and the output sense —(5—)
terminal must be connected to OUT — at the load.

CAUTION
Take care to connect the sense terminals to
the load with the proper polarity. Improper
polarity may result in damge to the instru-
ment and the joad.

Current Monitor Terminais—The Model 228 monitors the
output current internally and provides a voltage proportional
to the output current for the user.

TRIGGER GROUP

TRIGGER
IN ouT

TRIGGER IN—The TRIGGER IN connector is a female BNC
connector that accepts 2 TTL level negative going pulse of
greater than 10usec that when received starts the selected
memory control mode (Single Step, Single Cycle or Con-
tinuous). In the single step mode, one pulse is required for
each memory location. In the single cycle mode, one pulse re-
guired for each cycle of the programmed memory locations.
In the continuous mode, one pulse is required to start the cy-
cle.

TRIGGER OUT—The TRIGGER OUT connector is a female
BNC connector that outputs a TTL level negative going pulse
of greater than 10usec at the end of the programmed dwell
time. This pulse appears at the end of the dwell time for each
programmed memory location.
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CAUTION: DO NOT EXCEED $TANDARD TTL LEVELS

External Modulation Terminals—The external modulation
terminals consists of two screw terminals that are located on
the quick disconnect board. External modulation allows the
user to modulate the cutput voltage or current. With an AC
signal (up to specified limits), The limits are given in the in-
strurment specifications that precede Section 1 and Figure
3-6. Modulation input is a voltage across a 6.8k impedance.
The front panel MODULATE [ and MODULATE V LEDs in-
dicate whether the output current or output veltage is being
medulated.

When using the external modulation, use shielded cables.
Connect the shield to output LO. This action shields any ex-
traneous noise from being introduced into the signal.

REMOTE/LOCAL SENSING Switch—-The REMOTE/
LOCAL SENSING switch selects remote or local sensing.
Refer to the explanation of the sense connector for more in-
formation.

SENSING

AC LINE—~The AC LINE connector mates with a three wire
line cord which provides connections to line voltage. For cor-
rect line voltage setting refer to paragraph 7.3.

WARNING
Ground the instrument through a properly
earth grounded receptacie before opera-
tion. Failure to ground the instrument may
result in severe injury or death in the event
of a short circuit or malfunction.

AC LINE




Fuses— [ here are three fuses that are located on the rear panel
Each fuse protects a different circuit of the Model 228.

F1-~Fuse 1 is the linear power supply fuse. The tuse is a SLO-
BLO fuse and is rated at 3/4A for $0V-125V operation and
3/8A for 180V-250V operation.

F2—Fuse 2 is the line power fuse for the switching power sup-
ply on the analog board. The fuse is a normal blow fuse rated
at SA for 90V-125V operation and 2.5A for 190V-250V
operation. This fuse protects the line and the Model 228 linear
power supply.

F3-~Fuse 3 is the output fuse. The fuse is rated at 20A, 250V,
normal blow. If this fuse is blown the is no output present on
the output connectors except through the sense connection.

CAUTION
Do not install a fuse with a higher rating
than specified. Instrument damage may oc-
cur.
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3.9 QUICK DISCONNECT BOARD

Instead of the more common terminals used on other sources
for output connections, the Model 228 output connector,
along with the sense, modulation and current monitor ter-
minals, are located on the quick disconnect board. This board
fits through the rear panel into the Model 228 mainframe.
The output, sense, current monitor and external modulation
cables are connected to the terminals on the board of the
Model 228. The card is plugged into the appropriate slot in
the rear panel. When the card is removed from the main-
frame, the output, sense, current monitor and external
modulation terminals are disconnected from the mainframe
connections. As a result, the user should never have to come
in contact with a live output. Figure 3-4 shows the quick
disconnect board and the location of each terminal.

Several quick disconnect boards could be used, each with a
unique configuration. In that way, when a particular con-
figuration is required, it is simply plugged into the Model 228.
Thus, redundant rewiring of just one quick disconnect board
is avoided. Figure 3-5 shows how to install the quick discon-
nect board into the Model 228 mainframe. The Keithley part
number of the quick disconnect board is 228-160. One quick
disconnect board is supplied with each Model 228,



Figure 3-4. Quick Disconnect Board
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g EXTERNAL TRIGGER
i CONNECTORS

REAR PANEL /

QUICK DISCONNECT BCARD

Figure 3-56. Quick Disconnect Board Installation
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3.10 REMOTE/LOCAL SENSING

The sense {5+ and S—) terminals are located on the quick
disconnect board. The sense terminals are used in the volts
mode. When a load is connected to the Model 228, there is an
IR iead drop between the load and the Model 228. In sorne
situations the IR lead drop is negligible and does not need to
be taken into consideration. This is where local sensing may
be used, In more sensitive applications, the IR lead drop may
cause an intolerable error in the actual voltage delivered to
the load. In this case, the Model 228 could be configured for
remote sensing. Remote sensing compensates for the IR lead
drop by maintaining regulation at the load instead of at the
output terminals of the Model 228. When using remote sens-
ing, the output sense (S—) terminal must be connected to the
QUT — line and the output sense (S++) terminal must be con-
nected to the OUT+ line, This should be done at the load.

CAUTION
Take care to connect the sense terminals
{8+ and $-] to the load with the proper
polarity. Connect S+ to the positive ter-
minal and $- to the negative terminai. im-
proper polarity may result in damage to the
instrument.

3.11 FRONT PANEL PROGRAMS

This section contains instructions necessary for operating the
seven front panel programs of the Model 228, The programs
are activated by pressing the PROGRAM key along with the
DATA key that represents the desired program. The pro-
grams do a number of various tasks which are sumnmarized in
Table 3-8.

Program Notes:

1. Each program is entered by pressing the PROGRAM key
followed by the desired program number,

2. After the PROGRAM key is pressed the Model 228
displays the following on the right display.

PRC?

As you have noticed, the question mark is flashing. This is
a prompt for the user to enter the desired program number
{refer to Table 3-7}. After entering the program number,
the Model 228 goes into the program selected.

3. Data is entered on the right display by pressing the desired
number key. As each digit is entered, the cursor moves one
place to the right until the last digit (least significant) is
reached. Then it is wrapped around to the first digit on the
left (most significant] of the display.

4, Only as many significant digits as necessary need to be
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entered. The Model 228 completes the constant with trail-
ing zeroes where necessary.

5. Invalid key presses are ignored. If an invalid key is pressed,
the flashing digit {(cursor) remains at the present digit.

6. If an incorrect digit is entered, the compilete constant must
be re-entered. The new value may be entered by cycling
the cursor around to the most significant digit. To do this,
repeatedly press any one of the number keys.

7. If too many digits are entered Err is dispiayed and the pro-
gram is terminated.

8. Once all the digits of the desired constant are shown on the
display, the constant is entered into the program by press-
ing the ENTER key, This applies only to Programs 1 and 3.

Table 3-8. Summary of Front Panel Programs

Operation

Copy

Sink

IEEE (Set [EEE primary address)
Mod V {Voltage Modulation)
Mod | {Current Modulation)
Test {Diagnostic Self Test}
Reset (Factory Conditions)

Program

W@ Wiy =

3.11.1 Program 1 Copy

Program 1 is used to duplicate the voltage, current, dwell
time data, sink only mode and modulation status of one
memory location into the next memory location. This pro-
gram is useful in an application when one to four of the five
parameters required are constant. The variable parameter{s)
is (are) the only one that needs to be changed for each
memory location, For example: Plotting the IV characteristics
of a diode is an example where the current could be set at a
certain level and the dwell time be constant, The voltage
could be programmed to increase 0.1V in each successive
memory location. Program 1 could duplicate the current and
dwell time data in each programmed memory location. Only
the volitage would have to be changed for each programmed
memory location,

NOTE
For this example the sink mode and modulation
status are off,

In this case the veltage, current and dwell time parameters are
programmed in the first memory location and Program 1 is
activated. All the data is duplicated into the next memory
location. The next step is to change the voltage of the pro-
grammed memory locations to the desired level. The memory



control mode is selected and the START/STOP key is press-
ed. The Model 228 outpuis the parameters in each memory
Jocation at the programmed rate (dwell time).

Using Program 1 saves many programming steps. Use the
following procedure to duplicate the current and dwell time
of memory location I to memory locations 2 through 10,

Required Parameters:
500mA Current Limit
One Second Dwell Time
0.1V to 1V in 0.1V steps

. Turn on the Model 228 and allow ten minutes for warm
up.

. Select memory location 1.

. Program 0.1V for memory location 1.

. Program 500mA for memory location 1,

. Program a one second dwell time for memory location 1.

. Press PROGRAM, 1. Duplicates data from one location
into the next location.

. Repeat step 6 for every location up to location 10,

8. Reprogram the voltage for each memory location. (0.2V

in location 2, 0.3V in location 3, etc.)

9. Press AMPS/SECONDS. Selects the current for display.
10. Press OPERATE/STANDBY.
11. Select SINGLE CYCLE, Press START/STOP.

O O s O B =
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After the START/STOF key is pressed the Model 228 out-
puts the programmed parameters in one second intervals. All
of the memory locations are covered and the cycle stops after
memory location 10. By noting the left display {for each
memory location), the current level is known. The voltage
level is alsc known. The IV graph could be plotted with this
information. Program 1 saves the user from programming ali
three parameters for each memory location.

3.11.2 Program 2 Sink

Use Program 2 when the Model 228 is to be used as a high
power load above 50W. By nating the front panel, the state of
the output is known. The front panel COMPLIANCE graph
shows when the Model 228 is operating in the sink mode (ac-
tive load). In the sink mode the Model 228 acts as a load and
dissipates power instead of sourcing. The connected external
source and 228 setting indicates that the Model 228 is in the
sink mode.

If the Model 228 is operating near the maximum dissipation
limit (100W), and this is causing the internal temperature to
exceed $0°C, the sink only program (Program 2) activates as

indicated by the flashing SINK ONLY LED. In this mode the
sourcing capability is reduced. Return to normal operation by
pressing PRO, 2.

For example: Consider charging and discharging a battery,
While charging, the Model 228 sources power. When dis-
charging, the Model 228 sinks power. In the sink mode the
Model 228 is an accurate and stable load. When operating the
Model 228 as an active load ensure that the recommended
operating limits of Figure 3-12 are not exceeded.

Press the following keys to enable the sink only program:
PROGRAM, 2.

The sink program allows the instrument to decrease its high
power supply and stiil operate as an active load. With the
supply reduced, the Model can dissipate full power con-
tinuously at 50°C ambient temperature with no derating.

3.11.3 Program 3 IEEE

Program 3 is used to set the primary address of the Model 228
for IFEE-488 bus operation. The primary address of the
Model 228 is set to 11 at the factory, but it may be set to any
value between 0 and 31 (a5 long as address conflicts are
avoided) via front panel Program 3. This is a convenient
feature that eliminates the cumbersome rear panel switches
that are generally used in other instrurnents to set primary ad-
dress. Note that the primary address of the instrument must
agree with the address specified in the controller’s programm-
ing language, Program 3 is the only way to change the Model
228's primary address. The programmed primary address is .
briefy displayed as part of the power up cycle, the selft test se-
quence and Program 9 sequence,

NOTE
If other instrumentation is connected to the bus,
be sure that each device has a different primary
address. If this precaution is not observed, er-
ratic bus operation may result.

T'o initiate Program 3 and change the primary address to 22,
press the following keys:

1. Press PROGRAM (Selects program mode and displays
Pro?).

2. Press 3 (selects Program 3 and displays the following).

[EEE 11
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Where:
IEEE = IEEE indicator
11 = Primary Address

3. Press 2,2 ENTER. This step loads the number 22 onto the
display. Pressing the ENTER key programs the primary
address 22 and reverts the Model 228 to the previous
operating mode,

4. Press PROGRAM, 3. This step shows the user that the
primary address has indeed changed to 22.

5. Now that vou know how, change the primary address
back to 11.

A. Press PROGRAM, 3.
B. Press 1,1,ENTER.

3.11.4 Program 4 MOD V (Modulate QOutput.
Voitage)

This program is used to allow an AC signal to be super-
imposed on the output. The modulation signal is applied to
the rear panel external modulation terminals on the quick
disconnect board. Program 4 is activated and then the front
panel MODULATE V LED turns on. Figure 3-6 shows a
graph of operation for the external modulation feature. When
Program 4 is activated Program 3 is disabled.

Use the following procedure to activate Frogram 4.

1. Connect the external signal source to the external modula-
tion connector on the quick disconnect board.

2. Press Program, 4. This step activates Program 4 and turns
on the front panel MODULATE V LED.

3. Program the Mode! 228 for the desired output.
Set the Model 228 to the operate mode.

5. The modulate output is now present on the output connec-
tors,

>

NOTE
Use shielded cables when using external modula-
tion. The shield should be connected to output
LO. Shielded cables help in reducing extraneous
noise,
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EXTERNAL MODULATION
<10V
|
jOUTPUT
______ R
!
~100% &g J +100%
FULL oV FULL
SCALE : : SCALE
¢ B
— 10V

AREAS B and C INCREASE THE MAGNITUDE OF THE OUTPUT SETTING
ARBEAS Aand D DECREASE THE MAGNITUDE OF THE QUTPUT SETTING

Figure 3-6. Graph of Operation for External
Modulation

3.11.5 Program 5 MOD | (Modulate Output
Current}

Program 5 is used to allow an AC signal to be superimposed
on the output. The modulation signal is applied to the exter-
nal modulation terminais on the quick disconnect beard. Pro-
gram 3 is activated and then the front panel MODULATE I
LED turns on. Figure 3-6 shows a graph of operation for the
external modulation feature. When Program 5 is activated,
Program 4 is disabled.

Use the following procedure to activate Program 3.

1. Connect the external signal source to the external modula-
tion terminals.

2. Press PROGRAM, 5. This step activates Program 5 and
turns on the front panel MODULATE I LED.

3. Program the Model 228 for the desired output.
Set the Mode] 228 to the operate mode.
5. The modulation signal is now present on the output signal.

b



NOTE
Use shielded cables when externally modulating
the output of the Model 228. The shieid should
be connected to output LO. Shielded cables help
in reducing extraneous noise,

3.11.6 Program 6 Test (Diagnostic Self Test)

Program 6 is used to run a test on the ROM, RAM circuitry,
perform autc cal sequence and tests the front panel LEDs.
This test is also performed in the power up sequence. If it is
desired to run the self test without using the IEEE-488 bus,
Program é can: be used. Use the following procedure to ac-
tivate Program 6.

1. Press PROGRAM. Selects the program mode.
2. Press 6. Initiates the Program 6 test sequence.

Once step 2 is completed the Model 228 performs the follow-
ing sequence:

The Model 228 turns on all the segments in the display and
also turns on the rest of the front panel LEDs {e.g. LOCAL,
REMOTE, SINGLE CYCLE, VOLTS, etc). The display

segments are shown as follows:
*|HHA *|BEHEB

This is a display test, the operator can note inoperative
display segments by comparing the display with the above
figure. All the LEDs should turn on if operating correctly.
While the LEDs are on, the Model 228 is performing a cyclic
‘redundancy check (CRC) of the ROM circuitry. A digital self
test of the RAM circuitry is also being performed at this time.
If the digital self test reveals a problem with the RAM cir-
cuitry the Mode! 228 displays the foliowing.

t,HAA| E.AARAA

If the CRC reveals a problem with the ROM circuitry the
Meodel 228 displays the following.

¥ ooo + oooo

If all tests pass, the Model 228 displays the following:

rElU A
IEEE I
CHL .

After the CAL cycle message, the Model 228 reverts to the
previously shown display. For example, if the Model 228 was
displaying +1.234V then that is the display it reverts to after
the CAL 00 message.

3.11.7 Program 9 Reset

Program 9 is used to reset the Model 228 to the factory condi-
tions. These conditions are the same as the device clear (DCL}
command with one exception. The exception is that all of the
programmed memory locations are cleared of all previous
data. To activate Program ¢ use the following procedure:

The sequence for Program 9 is the same sequence as upon
power up.

1. Press PROGRAM, 9. Selects Program 9.

2. All digits and LEDs are turned for a few seconds.
3. The Model 228 displays the software revision level.
4. The Model 228 displays the primary address.

5. The Model 228 reverts to the VOLTS and AMPS display
and memory location 1.

Once the VOLTS and AMPS display show zero, the Model
228 is reset to the factory on conditions.

3.12 LOADS

The Model 228 is capable of delivering power to a load or
sinking (dissipating) power. Either mode depends on the pro-
gramming of the instrument. If the actual voltage and current
have the same polarity (both positive or both negative), the
Model 228 is operating in the source mode. The front panel
COMPLIANCE graph displays the state of the Mode! 228
(source or sink).

In the source mode, the Model 228 must have a device in
which to deliver the programmed power. This device is
generally known as the “load.” The load stores or dissipates
the Model 228 output power. The load must be rated to han-
dle the programmed output power of the Model 228. If the
load is not properly rated, damage may result, There are
three categories of loads: resistive, capacitive and inductive.
These different ioads all have their own unique parameters.
Each type of load comtains in some small amount each of
these parameters. In general, however, loads are considered
to be mostly one parameter, either resistive, capacitive or in-
ductive. Each type of load is described in the following
paragraphs,
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The Model 228 is a constant voltage/constant current source,
The load determines which parameter is constant, either
voltage or current. For example, if the load is of high im-
pedance, the voltage is controlled with the impedance deter-
mining the amount of current. If the load is of low im-
pedance, the current is controlled with the impedance deter-
mining the voltage. For example: If the Model 228 is pro-
grammed to 10V and 10A, a load of more than 10 controls
the current, and a load of less than 18 controls the voltage.

T=10V/20=5.00A (20 lcad, current limits to 3A)
V=10AX0.50=5.00A (0.3Q load, voltage limit of 5V}

R > VSETTING

then, the Model 228 operates as a voitage
IseTTing

source,
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R < YVSETTING hen,

the Model 228 operates as a current
ISETTING

source,

Where:

V = The voltage setting on the Model 228.
1 = The current setting on the Model 228,
R = User load.

3.12.1 Load Line Description

The information contained in Figure 3-7 is a general descrip-
tion only. Refer to other sections of this manual for detailed
information.
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228 OPERATES A5 A
CONSTANT CURRENT
LOAD.

228 QPERATES AS AL

228 OPERATES A5 A

CONSTANT VOLTAGE
SOUACE WITH A
CURRENT LIMIT

NSTANT VOLTAGE! .
Eng : OF ~iSETTING 228 FRONT PANEL SETTINGS:
, / =~ VSETTING. *ISETTING-
' N—
13
|
! 228 OPERATES AS A
) CONSTANT CURRENT
QUADRANT 2 1 QUADRANT 1 SQURCE WiTH A
1 COMPLIANCE OF
STANDEY LOAD wwe ! +VSETTING
LINE [0V, DA} :
w » -
228 OPERATES AS &
QUADRANT 3 QUADRANT 4 CONSTANT VOLTAGE
LOAD FOR A CONSTANT
CURRENT SOURCE
F.M‘%

QUADRANT 1

This quadrant is used for normal operation. The Model 228
will source positive voltage and current.

The Model 228 is sourcing power to a load.

Since V=I[XR, the combination of load R and the Model 228
settings will determine if the Model 228 is operating as a cons-
tant current or constant voltage source.

The Maodel 228 will maintain a constant voltage output as
long as IssTring = Vserring/Ruoap-

The Model 228 will maintain a constant current output as

long as Iserring < Vserring/Ruoan-
Standby mode is a setting of 0 volts and 0 amps.

QUADRANT 2:

This quadrant is used for general constant voltage load or
constant current load applications.

The Model 228 is dissipating (sinking) power from an external
device.

The Model 228 will maintain a constant voitage across its ter-
minals as long as the external device's current into the Model
228 is less than the Model 228’s current setting.

The Model 228 will operate as a constant current load as long
as the external device's voltage is greater than the Model 228
voltage setting.

o
.

In standby mode, the Model 228 will appear to be an open
circuit.

NOTE: For operating in this quadrant the polarity of the
Model 228' voltage setting and the polarity of the external
device’s veltage must be the same.

QUADRANT 3:

This quadrant is not on the positive load line shown above. It
the Model 228 were set to —V and —I the Model 228's load
line would then cross this quadrant.

QUADRANT 4:

This quadrant is used for a constant voltage load on a current
source.

The Model 228 is dissipating (sinking) power from an external
device.

The Model 288 will maintain a constant voltage across its ter-
minals as long as the external device's current is greater than
or equal to the Model 228's current setting.

In standby mode, the Model 228 will appear to be a short cir-
cuit.

NOTE: For operation in this quadrant the polarity of the
Model 228's voltage setting and the polarity of the external
device's voltage must be opposite.

Figure 3-7. Load Line (Positive Line Shown)
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3.12.2 Resistive Loads

Using a resistive load, the Model 228 is capable of delivering a
constant voltage or constant current up to the programmed
compliance. With a resistive load as shown in Figure 3-8, the

voltage developed across the load resistance is defined as Vy,
e IL x RL-

Where:

Vi = The voltage developed across the load.
I = The current through the load.
Ry = The load resistance,

If the voltage is programmed to less than the voltage V1, then
the Model 228 is voltage controlied. If the current is pro-
grammed to less than the current I}, then the Model 228 is
current limited.

The power delivered to the resistive load must not exceed the
power rating of the load, If excessive power is deiivered to the
load, damage may result. For example, if the load is a resistor
and is rated at 10W, then the power must not exceed 10W.
This means that if the Model 228 voliage is programmed for
10V, then the current must not be programmed for more than
1A {10V X 1A = 10W) or 10A and 1V {1I0A X 1V = 10W).
in any case, the voltage/current combination must not exceed
the limits of the lcad. Otherwise, the load may be damaged.

QUICK
DISCONNECT

= BOARD
T T
r' OUT + |
MODEL, 228 ! ;
| -

ouT ——L[
S i

T .

LOAD
D VL {(RESISTIVE)
‘ Vi = It Ry

Figure 3-8. Resistive Lovad Connections

3.12.3 Reactive Loads

The Model 228 is stable for an exceptionally wide range of
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capacitance and inductive Joads, Reactive loads require cer-
tain considerations that are listed as follows:

1. The user must supply the necessary circuitry to limit the
voltage across inductors. Voltage above 101% of the
selected voltage range may damage the instrument. During
power on, calibration, low or missing line power, the
Moaodel 228 disconnects the output with relays. This could
cause uncontrolled arcing along the inductive circuit. Refer
to Figure 3-9 for suggested clamp drcuit.

2. Capacitors and inductors require proper discharging
before touching any output wiring. This is because in the
standby mode or when power failures occur, the reactive
circuit could be left with a full charge.

3. Settling times are longer for large reactive loads, as a result
overshoot and ringing may occur, Damping resistors could
be used to improve the response. Refer to Figure 3-9 for
damping resistor circuits.

3.12.4 Inductive Loads

In general, in the constant current mede the cutput load
should be resistive, However, 2 small amount of inductance
in the load can be tolerated, but only if the inductive reaction
voltage, L 2, is limited to less than the maximum compliance
voltage for each range. Figure 3-9 shows a suggested method
of limiting the inductive reacticn voltage. The zener diodes
must be rated for each current range as listed in Table 3-9. An
inductive load may not be obvious. Loads that contain wire-
wound resisters or relay coils, (etc.) are inductive and could
produce damaging voltage spikes. Figure 3-10 shows induc-
tive load connections.

CAUTION
In the current function, if the output load
connected to the Model 228 is inductive,
limit the inductive reaction voltage to less
than the maximurmn compliance voltage for
that range. Otherwise, instrument damage
may occur,

Some examples of inductive loads include:
1. Relay Coils

2. Electric Motors

3. Wirewound Resistors

4, Transformers

. Solenoids

N
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Figure 3-9. Limiting Inductive Reaction Voltage
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Figure 23-10. Inductive Load Connection

Table 3-9. Maximum Inductive Reaction Voltage

di
Range Max L dt
0 A 1oV ‘
1A 100V
100mA 160V

3.12.5 Capacitance Loads

When a capacitive load is connected te the Model 228 output,
the Model 228 delivers a constant current unzil the voltage
developed reaches the programmed compliance vcliage, in-
strument voltage compliance limit or the working voltage of
the load. The voltage charges to a maximum V¢ with the
following equiation:

Vo = © il :— up to V¢ {maximum)

Figure 3-11 shows the Model 228 connected to a capacitive
toad. If the Model 228 compliance voltage is changed to a
snaller value than is charged on the capacitor, the capacitor
starts discharging into the Model 228. For this period, the
Model 228 is in the sink mode. Notice the front panel COM-
PLIANCE graph; it indicates the Model 228 is in the sink
mode. When the capacitor charge voltage reaches the lower
compliance voltage, the Model 228 returns to the source
mode.
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Some examples of capacitive loads include:
1. Capacitor
2. Power Supplies

auick
— DISCONNECT

:" OUT + | BOARD

!
MODEL 228 L out - _’_]

Lo

| Az LOAD

) ~~  CAPACITANCE

Figure 3-11. Capacitive Load Connections

3.12.6 Load Regulation

Load regulation is an important parameter that is to be con-
sidered when using the Model 228 as a current source or a
voltage source. Load regulation may be computed by the
following twe methods:

1. As a Current Source:

B

—— Cour

% Rourt

VouTt

O¢—— —P»O

AVOUT

Load Regulatien (Current Mede) = R X 100%

i



2. As a Voltage Source:

louTt

=V

TERY:
./

Load Regulation {Voltage Mode) = [Alour*Rout] % 100%
V

As an example; consider the 1A range and 100V compiiance.
The Reyyr specification is 105Q.

(aVour] {100V]
Load Regulation= Rorr X100%= 1050 X 100%=0.1%
I 1A

3.13 OPERATING EXAMPLES

The following examples give specific instructions on how to
use the Model 228 in various configurations. These examples
are written with the Frst time user in mind. However, refer to
the front and rear panel control descriptions in Tables 3-2 and
3-3 before proceeding with these examples. Note all of the
warning and cautions associated with these examples, Take
the time to read them and, most of all, to understand them.

3.13.1 Example 1: 10.00V, 10.00A Qutput

[n this example, the Model 228 wili be programmed for
410,00V and +10.00A. These values were chosen to keep
the numbers simple (10V/10A = 19). With these values, the
user can concentrate on the front panel instead of a cumber-
some number calculation. The 10V range has a maximum
compliance current of 10A; conversely, the 10A range has a
maximum compliance voltage of 10V. Refer to the specifica-
tions that precede Section 1. In this example, voltage and cur-
rent are limited to 10,00V and 10.00A by the user; and in this
case, the instrument limits these values. This information is
stored in memory location 1.

This example does not step the user through the selection of a
memery location. Memory location 1 is selected upon power
up and that is sufficient for this example. Since there is just
one memory location used in this example, programming the
dwell time is not covered. Later examples explain the use of
memory locations.

The Model 228 is a comstant voltage/constant current
({CV/CQ) source. This means that the voltage and current are
programmed into the instrument. The output of voltage or
current depends on the load. If the load is of high impedance,
the voltage is controlled with the impedance determining the
amount of current drawn from the source, If the load is of
low impedance, the current is controlled with the impedance
determining the voltage, The maximum value of voltage or
current (up to rated specifications) is defined by the user. The
user defines these parameters when programming the voltage
and current values. In this example:

If the load is less than 10, the source controls current. The
LED just above the + {+Isourcs) on the front panel COM-
PLIANCE graph is on.

If the load is greater than 10, the source controls voltage. The

LED just to the right of the +V (+Vgoyrce) on the front
panel COMPLIANCE graph is on.

For example: A 20 load results in a current of SA {voltage is
controlled by the Model 228).

=10 = 5004,

2Q

A 0.5Q load results in a voltage of 2.5V (current is controlled
by the Model 228).

V = 0.50 X 10A = 3.00V.

g ~ VSETTING

I then, the Model 228 operates as a voltage
SETTING

source.

R < VserTinG

 pis—— then, the Model 228 operates as a current

sQurce,

Where:

V = The voltage setting of the Model 228.
[ = The current setting of the Model 228.
R = User Load

Also, in the operate mode, the display shows the actual
parameter value, For example, if 10V and 10A are pro-
grammed and the load is drawing 7.5A, then 7.50A is
displayed on the right display (right display must be in amps
display mode).

To program the Model 228 for 10.00V, 10.00A, use the
following procedure:
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CAUTION
This example cutputs 100W. Make sure that
the connected load is rated to at least
100W. Otherwise, damage to the load may
occur.

I. Turn on the Model 228 and allow ten minutes for warm
up.

WARNING

Do not operate the instrument with the top
cover and/or the bottom cover removed.
Lethal potentials exist throughout the
Model 228 mainframe. The covers must
also be in place to allow proper airflow
through the instrument. If proper airflow is
impeded, the instrument may overheat.

NOTE
Upon power up, memory location 1 is selected,

2. Program the desired voltage value. There are two methods
to do this and both are given as follows:

Method 1: Program Desired Voltage Value

A. Press the VOLTS/MEMORY STEP key to display volts
(VOLTS LED on).

B. Press the SELECT key until the left display is selected.
The selected display is depicted by the flashing bright
digit.

NOTE
During the edit mode, if nothing happens on the
front panel for approximately 20 seconds, the
Model 228 cancels the edit mode and returns the
display to the previous conditions.

C. Press the left or right key to select the modify digit. The
left and right keys are indicated by the arrows on the
front panel. The modify digit is depicted by the flashing
bright digit.

D. Press the increment or decrement key to modify the
voltage value, The output tracks the display when us-
ing the increment or decrement keys. The in-
crement/decrement keys are indicated by the up/down
arrows on the front panel.

Method 2: Program Desired Voltage Value

A. Press the VOLTS/MEMORY STEP key to display volts
(VOLTS LED on.

B. Press the SELECT key until the left display is selected
The selected display is depicted by the flashing bright
digit.
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C.Press1, 0,.0 0.
D. Press ENTER.

3, Program the desired current value, Like the voltage value,
this can be done in one of two methods. Both methods are
given as follows:

Method 1: Program Desired Current Value

A. Press the AMPS/DWELL TIME key to display current
(AMPS LED on).

B. Press the SELECT key until the display on the right is
selected. The selected display is depicted by the flashing
bright digit.

C. Press the left or right keys {these keys are indicated by
the arrows on the front panel) to select the modify digit.
The modity digit is depicted by the flashing bright digit.

D. Press the increment/decrement keys to modify the cur-
rent value. The output tracks the dispiay when using
the increment/decrement keys,

Method 2: Program Desired Current Value

A. Press the AMPS/DWELL TIME key to display current
{AMPS LED on).

B. Press the SELECT key unti] the right display is selected.
The selected display is depicted by the flashing bright
digit.

C.Press1, 0 ., 0, 0.

D. Press ENTER.

4. Connect the appropriate load. For this example, the load
must be rated at least 100W.

5. Press OPERATE/STANDBY to place the instrument in the
operate mode. In the operate mode, the source value is pre-
sent on the output terminals.

After step 5 is completed, the Model 228 outputs the voltage
and curreni to the connected load. This simple example is
designed to set the Model 228 to output a source value. The
next example sets the Model 228 to output 100V, 1A. '

3.13.2 Exampie 2: 100V, 1A Qutput

This example will program the Model 228 to output a value of
100V, 1A. The maximum current compliance of a 100V range
is 14,; conversely, the 1A range has a maximum voltage com-
pliance of 100V. Refer to the specifications that precede Sec-
tion 1. Like Example 1, this example does not explain the use
of memory locations which will be discussed later,

Again, the output value depends on the load. If the load is of
high impedance, the value is voltage controiled. If the load is
of low impedance, the value is current controlled. A com-
parison between the Model 228 and a battery is a simplified
way of understanding the load of a voitage/current source.
As an exampie, assume a battery is rated at 1.5V and
1A/hour. If the battery has a lead of 1k§, the battery cutputs



1.5mA at 1.5V. Therefore, the current output is limited by
the load. The same is true for the Model 228. If the load is of
high impedance, the load determines the current. If the load is
of low impedance, the load determines the voltage,

NOTE
When voltage is controlled by the Model 228,
the load determines the current by Ohm's law
I = V/R. When current is controlled by the
Model 228, the load determines the voltage by
Okm's law, V=1eR,

This example is designed to allow the user to become familiar
with the front panel operation of the Model 228. It illustrates
some basic operating methods of the Model 228.

WARNING
This procedure outputs a dangerous poten-
tial of 100V up to 1A, Take care not to come
into contact with the live output, as per-
sonal injury or death may occur.

CAUTION
This example outputs 100W. Make sure the
load is rated for at least 100W. Otherwise,
damage to the load may occur.

In the operate mode, the display shows the actual parameter
value. For example, if 100V and 1A are programmed and the
load is drawing 7S0mA, then .750A is displayed on the right
display. The right display must be in the amps display mode
in order to display the current,

The Model 228 operates as a voltage source when the follow-
ing condition occurs: V<] X R.

The Model 228 operates as a current source when the foliow-
ing condition occurs: V> I X R,

Where:

V = The voltage setting of the Model 228.
I = The current setting of the Model 228.
R = User Load.

1. Turn on the Model 228 and allow ten minutes for warm
up.

NOTE
Upon power up, memeory location 1 is selected.

2. Program the desired source. There are two 1. \
this. Both are given. \
Method 1: Program Desired Source \

A. Press the VOLTS/MEMORY STEP key to dis;
{VOLTS LED on).

B. Press the SELECT key until the left display
selected. The selected display is depicted by the f
bright digit.

C. Press the left or right key to select the modify digit.
left and right keys are indicated by the arrows on
front panel. The modify digit is depicted by the flashi
bright digit.

D. Press the increment or decrement key to modify the cur
rent source value, The output tracks the display when
using the increment/decrement keys to modify the
display. The increment/decrement keys are indicated
by the up and down arrows on the front panel.

Method 2: Program Desired Source
A. Press the VOLTS/MEMORY STEP key to display volts
(VOLTS LED on).

B. Press the SELECT key until the right display is selected.
The selected display is depicted by the flashing bright
digit.

C.Press1,0,0, .. 0.

D. Press ENTER.

3. Program the desired current value. This may be done by

one of iwo methods. Both methods are given.

Method 1: Program Desired Current Value

A. Press the AMPS/DWELL TIME key to display the cur-
rent {AMPS LED on).

B. Press the SELECT key until the right display is selected.

et

e
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The selected display is depicted by the flashing bright

digit.

C. Press the left or right key to select the modify digit. The
left and right keys are indicated by arrows on the front
panel. The modify digit is depicted by the flashing
bright digit.

D. Press the increment or decrement key to modify the
current value, The output tracks the display when using
the increment/decrement keys.

Method 2: Program Desired Current Value
A. Press the AMPS/DWELL TIME key to display current
{AMPS LED on}.

B. Press the SELECT key until the right display is selected.
The selected display is depicted by the flashing bright
digit,

C. Press 1, ., 0, 0, C.

D. Press ENTER.

4. Connect the appropriate load. The load must be rated for

at least 100W.
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NOTE
The cutput load must be non-inductive. A small
amount of inductance in the load can be
tolerated if the inductive reaction voltage, L,
is limited to less than the compliance voltage of
that range. Refer to paragraph 3.9.2.

5. Press the OPERATE/STANDBY key. This step places the
1.00A source current on the output terminals.

WARNING
The completion of step 5 outputs a
dangerous potential. Make sure the load is
properiy rated. Do not come into contact
with the live output as personal injury or
death may occur.

After step 5 is completed, 100V at 1A is delivered to the out-
put connector and therefore, is available to the load. The ac-
tual voltage drop and current output depends upon the value
of the load. This simple example is designed to set the Model
228 to 100V at 1A to a predetermined load. In the next exam-
ple, the user will set the Model 228 to output three separate
source values in succession.

3.13.3 Exampie 3: 1V, 104, 1sec; 10V, 10A
2sec; and 100V, 1A, 3sec Output in the
Continuous Memory Control Mode

This example will set the Model 228 to output three separate
source values in succession. This could be used to test certain
parameters of a resistor. The higher voltage could be used to
test the voltage coefficient of the resistor. The higher current
could be used to test the power rating of the resistor. The ac-
curacy ceuld also be verified by using the Model 228 as an ac-
curate voltage source. The parameters may vary for this type
of application. The parameter values chosen represent several
ranges of the Model 228.

In order to obtain the three source values, program the
desired values into the memory locations, Each memory loca-
tior contains five distinct parameters that make up the
memory location: Voltage, Current, Dwell Time, Modula-
Hon (V or I} and Source or Sink mode. Each parameter must
be programmed into each memory location.

After the source values are entered into the memory loca-
tions, the user must select the desired dwell tme. The dwell
time is the time spent on a specific memory location before
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moving to the next {ocation. After the dwell time is entered,
the modulation mode must be entered. The modulation
shows the user that Model 228 is in either current or voltage
modulation, Then the last parameter (source or sink) must be
entered. The order of programming these five parameters
does not matter, as long as all five are programmed into the
mermory location,

This example may be used as a model for storing several {up
to 100) source values, Up to 100 unique values may be stored
in the Model 228. All of the information stored in the mem-
ory locations {Voltage, Current and Dwell Time, Source/
Sink and Modulate V or I} is battery backed up. This means
that if the instrument is powered down, the information is
still vaiid. The stored parameters remain as is until they are
changed by the user. Before beginning the example, read the
following outline. The outline gives a short description of the
example. The main parts of the example are sectioned off to
show the complete example in a simplified form. The actual
example foliows this short outline.

. Turn the instrument on.
. Select memory location 1.
. Program the desired voltage of memory location 1.
. Program the desired current of memory location 1.
. Program the desired dwell time of memory location 1.
. Program either source or sink for memory location 1.
. Program modulate V or I for memaory location 1.
. Select memory location 2.
Program the desired voltage of memory location 2.
. Program the desired current of memory location 2.
. Program the desired dwell time of memory location 2.
. Program either source or sink for memory location 2.
. Program modulate V or . '
. Select memory location 3.
. Program the desired voltage for memory location 3.
. Program the desired current for memory location 3.
. Program the desired dwell time of memory location 3.
. Program either source er sirk for memory location 3.
. Program modulate V or [ for memeory location 3.
. Select memory Jocation 4.
. Program the dwell time of memory location 4 to zero.
. Select memory location 1.
. Select the continuous memory control mode.
. Connect appropriate load.
. Select the operate mode.
. Press the START/STOP key.
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WARNING
Memory location 3 contains a lethal poten-
tial of 100V and a current of up to 1A, Take



care not to come into contact with a live
circuit that may cause personal injury or
death.

NOTE
There are two methods of programming values
into the Model 228. Examples 1 and 2 explain in
detail each method. In this example, data keys
rethod is used.

1. Turn on the Model 228 and allow ten minutes for warm

up.

NOTE
Upon power up, memory location 1 is selected.

. Select memory location 1.

A. Press the VOLTS/MEMORY STEP key to display the
present memory location (MEM STEP LED on).

B. Press the SELECT key until the left display is selected.
The selected display is depicted by the flashing bright
digit.

C. Press 1, ENTER.

Program the desired voltage value.

A. Press the VOLTS/MEMORY STEP key to display
volts (VOLTS LED on).

B. Press the SELECT key until the left display is selected.
The selected display is depicted by the flashing bright
digit.

C. Press 1, ., 0,0, 0, ENTER.

Program the desired current value.

A. Press the AMPS/DWELL TIME key to display current
(AMPS LED on).

B. Press the SELECT key until the right display is
selected. The selected display is depicted by the
flashing bright digit.

C. Press 1, 0, ., 0, 0, ENTER.

. Program the desired dwell time value.

A. Press the AMPS/DWELL TIME key to display the
dwell time {SECONDS LED on).

B. Press the SELECT key until the right display is
selected, The selected display is depicted by the
flashing bright digit.

C. Press1, . 00,0, ENTER.

. Program Modulation (V or 1). Press Program 4 to

modulate V or press Program 3 to modulate 1.

Notice that the approprate LED turns on.

. Program source or sink.

A. Press Program 2 to enable the sink mode. Notice that
the appropriate SINK LED turns on.

B. If source mode is desired, turn off the sink program.

8.

9

10

11

12

13

i4

15

16

Select memory location 2.

A. Press the VOLTS/MEMORY STEP key to display the
memory location (MEM STEP LED on).

B. Press the SELECT key until the left display is selected.
ghe selected display is depicted by the flashing bright
igit.

C. Press 2, ENTER.

. Program the desired voltage value for memory location 2.

A. Press the VOLTS/MEMORY STEP key to display
volts (VOLTS LED on}.

B. Press the SELECT key until the left display is selected.
'CIi'he selected display is depicted by the flashing bright

igit.

C. Press 1, 0. ., 0, 0, ENTER.

. Program the desired current value for memory location 2.
A. Press the AMPS/DWELL TIME key to display the

dwell time (AMPS LED on).

B. PPress the SELECT key until the right display is
selected. The selected display is depicted by the
flashing brignt digit. '

C. Press 1, 0, ., 0, 0, ENTER.

. Program the desired dwell time for memory location 2.
A. Press the AMPS/DWELL TIME key to display the

dwell time (SECONDS LED on).

"B. Press the SELECT key until the right display is
selected. The selected display is depicted by the
flashing bright digit.

C. Press 2, .. 0, 0, 0, ENTER.

. Program modulate V or 1. Press Program 4 to modulate V
or press Program 5 to modulate [. Notice that the ap-
propriate LED turns on.

. Program soufce or sink,

A. Press Program 2 for sink mode. Notice that the SINK
LED turns on. ‘

B. If source mode is desired, turn off sink mode.

. Select memory location 3,

A. Press the VOLTS/MEM STEP key to display the
memory location (MEM STEP LED on).

B. Press the SELECT key until the left display is selected.
The selected display is depicted by the flashing bright
digit.

(. Press 3, ENTER.

. Program the desired voltage value for memory location 3.
A. Press the VOLTS/MEMORY STEP key to display

volts (VOLTS LED on).

B. Press the SELECT key until the right display is
selected. The selected display is depicted by the
flashing bright digit.

C. Press 1, 0, 0, ., 0, ENTER.

. Program the desired current value of memory location 3.
A. Press the AMPS/DWELL TIME key to display the

dwell time {AMPS LED on}.

B, Press the SELECT key until the right display is

331



selected. The selected display is depicted by the
flashing bright digit.
C. Press1,. 0 0 0 ENTER.
17. Program the desired dwell time for memory location 3.

A. Press the AMPS/DWELL TIME key to display the
dwell time {SECONDS LED on).

B. Press the SELECT key until the right display is
selected. The selected display is depicted by the
flashing bright digit.

C. Press 3, ., 0, 0, 0, ENTER.

18. Program modulate V or I. Press Program 4 to modulate V
or press Program 5 to modulate I. Notice that the ap-
propriate LEID tums on.

19. Program source or sink.

A, Press Program 2 for sink mede, Notice that the SINK
LED turns on,

B. If source moede is desired, turn off sink mode.

20. Select memory location 4.

A. Press the VOLTS/MEM STEP key to display the
memory location (MEM STEP LED on).

B. Press the SELECT key to select the left display for
modification.

(. Press 4, ENTER.

. Program the dwell time to zero.

A. Press the AMPS/DWELL TIME key to display the
dwell time on the right display (SECONDS LED on}.
B. Press the SELECT key until the right display is
selected. The selected display is depicted by the
flashing bright digit.
C. Press 0, G, . 0, 0, ENTER.
22. Select memery location 1.

23, Press the CONTINUQUS key. This step places the Model
228 in the continuous memory conirol mode.

24. Connect the appropriate load. The load must be rated at
least 100W.

25. Press OPERATE/STANDBY to place the source value at
the cutput terminals.

2

it

NOTE
Before placing the instrument in the operate
mode, take the time o read and understand the
safety precautions described in Section 2. These
precautions are presented for user safety.

26. Press the STOP/START key to start the memory control
mode.

WARNING
Memory location 3 contains a lethal poten-
tial. Do not come into contact with the live
output. Personal injury or death may occur.
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After step 26, the Model 228 continuously ¢ycles through the
programmed memory locations. Since the OPERATE LED is
on, the source vaiues are present at the output terminals.

The single step memory control mode allows the user to step
threugh the programmed memory locations one at a time,
Each time it is desired to advance to the next programmed
mermnory tocation, the user need only press the START/STOP
button. The START/STOP LED turns on for the duration of
the programmed dwell time and then turns off. When the last
programmed mermmory location is selected (memory location
3, In this example}, pressing the START/STOP key reverts
the instrument to memory location 1. This is true for the last
programmed location as long as the next location has a zero
dwell time.

The single cycle memory control mode allows the user to cy-
cle through all the programmed memory locations one time.
To start the single cycle mode, press the START/STOP key,
Once the single cycle mode is activated, the Mode! 228 starts
from the next programmed memory location and advances to
each programmed memory location. The instrument remains
at each memory location for the programmed dwell time and
then advances to the next location. After the dwell time of the
last programmed memory location, the START/STOP LED
turns off and the single cycle mode is ended.

The continuous memory control mode allows the user to cy-
cle through all of the programmed memory locations con-
tinuously. To start the continuous memory control mode,
press the START/STOP key. To stop the continuous
mernery control mode, press the START/STOR key a second
tirme. When the START/STOP key is pressed the second
time, the continuous mode stopped at the present memory
location. Once the continueus memory control mode is ac-
tivated, the Model 228 advances to the next memory loca-
tion. The instrument remains at this location for the program-
med dwell time (dwell time can vary for each location) and
then advances to the next memory location. The cycie con-
tinues up to and including the last programmed memory ioca-
tion {or memory location with a zero dwel} time) and then
reverts to memory location 1. At this point, the cycle starts
over again and keeps repeating until the START/STOP key is
pressed and the instrument is turned off or another memory
control mode is activated.

Memory Control Mode Notes
1. The START/STQOP key has three functions:
A. Start the memory control mode,
B. Stop the memory control mode.

C. Advance to the next memory location in the single
step mode.



2. The single step mode allows the user to step through the
programmed memory locations cone at a time,
3. The single cycle mode allows the user to cycle through the
programmed memory locations one at a time.
4. The continuous mode allows the user to cycle through the
programmed memory locations continuously.
5. Dwell time is the time spent on one memory location.
6. An entry of zero for the dwell time for any memeory loca-
tion reveris the instrument to memory location 1.
{20msec to 1000sec in lmsec steps. (1sec steps in 1000sec
range). -
7. Each memory location contains five distinct parameters:
A. Voltage
B, Current
C. Dwell Time
D. Modulate V or |
E. Source or Sink
B. There is a total of 100 memory locations.
9. The memory control mode may be started by one of three
methods.
A. Pressing the START/STOP key.
B. Applying proper external trigger.
C. Sending the proper command over the IEEE-488 bus,
This means that the PROGRAM command {[0, 1 or
P2} is selected and the appropriate trigger command is
implemented. For example, if the TO (Start on TALK)
mode is selected, and the instrument is addressed to
talk, the selected memory control mode is initiated.
10. When the continuous or single cycle memory control
modes are running, stopping the sequence halts the in-
strument at the present memory location. Continuing the
sequence starts at the next memory location.

Examples 1, 2 and 3 all deal with the Mode! 228 programmed
as a scurce. [his means that the Model 228 outputs voltage
and current. Observe the front panel COMPLIANCE graph
and notice that the Model 228 is operating in the source mode
(+V and +1 LEDs are turned on one at a time). The source
mode is depicted by the voltage and current having the same
polarity. The polarity could be either positive or negative it
does not matter as long as the polarity is the same for the
voltage and the current, the instrument is operating in the
source mede,

3.13.4 Example 4: Model 228 as an Active Load
{Current Sinkl}

This next example deals with the Model 228 operating in the
sink mode. In the sink mode of operation, power is delivered
to the Model 228 by an external source.

As can be seen by the graph and/or Figure 3-12, when voltage
and current both have the same sign {positive or negtive), the
Model 228 is in the source mode.

If the voltage or current have different polarity, then the
Model 228 is in the sink mode. In the sink mode, the Model
228 accepts power (dissipates) instead of providing the
power. Operating the Model 228 as an active load dissipates
power up to the iimits shown in Figure 3-12, Of course, the
Hmits shown in Figure 3-12 must not be exceeded.

CAUTION

When the Model 228 is used in the sink
mode, that is, power is delivered to the
Model 228 by an external power source.
Care should be taken to limit the power
delivered to the Model 228 as shown in
Figure 3-10. If power dissipated within the
Model 228 exceeds these limitations,
overheating and damagse to the instrument
may occur. For example, if the external
power source is capable of dslivering
greater than 1A, then the voitage across the
Model 228 output terminals must be less
than 100V {100V x 1A = 100W).

WARNING
During the sink mode of operation, the
Modei 228 and the external source must
have the sarme voitage polarity in order for
the current limiting to operate. Otherwise,
the output fuse {20A} is the current limit.

The COMPLIANCE graph on the front panel provides the
user with the location of where the Model 228 is operating.
By noting the front panel COMPLIANCE LEDs, four
parameters concerning the output are known:

1. The polarity of the voltage.

2. The polarity of the current.

3. The controlling function (voltage or current).

4, The operating mode (sink or source;.

For exampie: If the LED just above the +1 {(-+ st Res! sym-

boi is turned on, then:

1. The polarity of the voltage is positive because it is in the
+V half.

2. The polarity of the current is positive because it is in the
+1 half.

3. The controlling function is current because the line for that
LED goes through the +1 axis, the current is constant and
the voltage is the parameter that varies. For lines intersec-
ting the voltage axis, the voltage is constant and the cur-
rent is the parameter that varies,
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4. The instrument is operating as a source because the voltage
and the current both have the same polarity (positive).
(The LED is in a "source” guadrant.)

+V
+V LIMIT OF BANGE
RECOMMENDED
ENABLING SINK
PROGRAM
ABOVE 5A
_ AND 5V £
- LiMIT +} LIMIT ;
OF RANGE GF RANGE
RECOMMENDED
ENABLING SINK
PROGRAM
ABQVE BA
AND 8V
-V LIMIT OF RANGE
-V

Figure 3-12. Model 228 Recommended Operating
Limits

In this example, the Model 228 accepts (dissipates) power
from the battery voltage. In the sink mode, the Model 228 is
an active load that is both constant and accurate. The con-
figuration is shown in Figure 3-13. Make sure the polarity of
the connections are correct before placing the Model 228 in
the operate mode. Normally, this only occurs at high ambient
temperatures and high power sink operation.

Using the SINK program {front panel Program 2) reduces the
internal power dissipation within the Model 228. The sink on-
ly mode activates automatically if the internal temperature of
the instrument reaches 90°C.

NOTE
The sink only mode is only useful on the 10A
range, between 5V and 10V. The sink only pro-
gram limits sourcing capability to approximately
1.5A and also limits sink capability when
voltages are less than three voits.
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Figure 3-13. Modal 228 as an Active Load

NOTE

The external source connected to the Model 228
output determines whether the Model 228
operates as an active load. In other words, the
Muadel 228 operates as an active load whenever
its output is connected to a voltage source that
exceeds the programmed output voltage of the
instrument,

The foliowing procedure programs the Model 228 to sink
25V, 100mA = (2.5W),

1. Turn on the Model 228 and allow ten minutes for warm
up.

NOTE
Upon power up, memory location 1 is selected.

2. Program the desired voltage value. In this example, the
voltage must be positive.

A, Press the VOLTS/MEMORY key. This step displays
the present voltage value on the left display.

B. Press the SELECT key. This step selects the left display
for modification.

C. Press2, 5 ., 0, 0, ENTER.

3. Program the desired current value. In this example, the
current is programmed as positive, The external source
determines whether the Model 228 acts as a source or an
active load. Refer to Figure 3-12 and/or the fron: panel
COMPLIANCE graph.

A. Press the AMPS/DWELL TIME key. This step displays
the present current value on the right display.



3.13.6 Example 5: Operation as Source and
Sink

To help illustrate the Model 228 source and sink
characteristics, this example shows how the Model 228 can
source a current to charge a capacitor and then when the
capacitor is fully charged, the Model 228 will be programmed
as an active load to accept the charge.

The voltage values of this example were chosen on the same
range (100V, 100mA). The current values were chosen so that
the capacitor would charge and discharge at a somewhat slow
rate. In this way, the user could watch the display and see
what was going on in the circuit. The dwell time was chosen
so the Model 228 would remain at the memory locations long
enough to see the capacifor charge and discharge.

Even though modulation is a parameter of memory location,
it was not used in this example. Memory location 2 turned on
the sink mode. This is not required for less than 50W dissipa-
tion. Also, note that while Program 2 is active, sourcing
capabilities is reduced.

1. Connect a 10,000uF, 50V capacitor on the output terminals
of the Model 228. Observe proper polarity when connec-
ting the capacitor.

2. Charging the Capacitor {Operating as a Source). Program
memory location 1 for the following parameters:

A. 50V

B. 25mA

C. 60 second Dwell Time
D. Turn off modalation.
E. Turn off sink mede.

3. Discharging the Capacitor (Operating as an Active Load).
Program memory location 2 for the following parameters:

AL 20V
B. 25mA
C. 60 second Dwell Time
D. Tumn off modulation.
E. Turn on sink mode.
. Program the dwell time of memory location 3 to zero.
. Set the Model 228 to the continuous program mode.
. Set the Model 228 to the operate mode.
. Press the START/STOP key.
. Watch the front panel displays.

@ 1 Oy

When the Model 228 is in memory location 1, the capacitor is
charging. Note the voltage on the left display. it increases as
the charge on the capacitor charges. The compliance graph
shows the Model 228 is in current limit (LED just above the

+1 is on). The capaditor is charging at the rate programmed.
When the capacitor is charged to 30V, the amps display
shows approximately zero current flowing {capacitor charg-
ed), The LED to the right and left of the +V symbol are on
indicating that the capacitor is at the voltage level program-
med,

When the Model 228 is in memory location 2, the capacitor is
discharging. Note the voltage on the left display. It decreases
as the capacitor discharges. As the capacitor discharges, the
compliance graph shows the Model 228 in current limit (LED
above the —11is on}. When the capacitor is discharged to the
20V programmed level, the LED to the right and left of the
-V symbo! are on indicating that the capacitor is at the level
programmed.

This simple example iliustrates several operating modes of the
Model 228. The following features and functions of the
Model 228 are used in this example. .
1. Programming a voltage value,

2. Programming a current value.

3. Programming memory control mode (continuous).

4. Programming the five parameters of a memory location:
Voltage, Current, Dwell Time, Modulation, Source or
Sink.

. Operation as & source (memory location 1).

é. Operation as an active load {memory location 2).

(93]

3.13.6 Example 6: Fabricating Output
Waveforms

The Model 228 is capable of fabricating output waveforms.
With the 100 available memory locations, the Model 228 can
fabricate waveforms with up to 100 individual steps. 100
steps of a waveform may not be necessary. A less com-
slicated waveform could consist of just twe memory loca-
tions. A square wave is an example of a two memory location
waveform. The following is an example of programming the
Model 228 to output a squarewave of +5V to 0V at 20Hz, To
keep the example simple the current parameter for each of the
two memery locations will be set to 100mA.

NOTE
To avoid confusion in this example, set all the
parameters of memory location 3 to zero.

1. Turn on the Model 228 and allow ten minutes for warm
up.

2. Press VOLTS/MEMORY STEP, SELECT. (Selects volts
display and sets the left display for modification).
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11.

12.

13.

14.

15.

16.
17.

. Press 5, ., 0, 0, ENTER. (Programs memory location 1

voltage for 5V},

. Press AMPS/DWELL TIME, SELECT. (Selects amps

display and sets the right display for modification),

. Press ., 1, 0, 0, ENTER. {Programs memory location i

current for 100mA).

. Press AMPS/DWELL TIME, SELECT. (Selects dwell time

display and sets the display for modification).

. Press ., 0, 2, 5, ENTER, (Programs memory location 1 for

25msec dwell time).

. Press  VOLTS/MEMORY STEP, SELECT. (Selects

memory step display and sets the display for modifica-
tion).

. Press 2, ENTER. (Selects memory location 2).
10.

Press VOLTS/MEMORY STEP, SELECT. (Selects volts
display and sets the display for modification).

PressC, ., 0, 0, ENTER, (Programs memory location 2 for
0.0V)

Press AMPS/DWELL TIME, SELECT. (Selecis amps
display and sets the display for modification).

Press ., 1, 0, 0, ENTER. (Programs memory location 2
current for 100mA).

Press AMPS/DWELL TIME, SELECT. (Selects the dwell
time dispiay and sets the display for modification).
Press ., 0, 2, 5, ENTER. (Program memory location 2
dwell time to 25msec).

Cennect load.

Press CONTINUOUS, OPERATE, START/STOP.
{Selects the continuous memory control mode, enables
the output and starts the continuvous mode).

Upon completion of step 17, the Model 228 outputs a 5V to
0V, 20Hz square wave. Refer to Figure 3-14.

+ 5V ——t, /I‘““"—"'"'""\

28msec

oV

Figure 3-14. Qutput Waveform
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3.13.7 Example 7: Using the External Trigger
{Input and Cutput)

A TTL level negative going pulse of greater than 10usec ap-
plied at the rear panel external TRIGGER connector initiates
the selected memory control mode {Single Step, Single Cycle
or Continuous). The pulse starts the memory control mode in
the same manner as the front panel START/STOP key. To
output any programmed values, the memory control mode
must be selected, the OPERATE key enabled and the proper
external trigger pulse must be applied to the rear panel exter-
nal TRIGGER input connector.

The external trigger cutput is 2 TTL level negative going
greater than 10usec pulse that signifies the completion of a
programmed dwell time. The pulse appears at the rear panel
external trigger output connector at the end of the progam-
med dwell time in all three memory control modes {Single
Step, Single Cycle and Continuous). For the single cycle and
continuous memory conitrol mode, there is an cutput pulse at
the end of every programmed dwell time. For the single step
mode, there is an output pulse at the end of the programmed
dwell time for the one memory location. To go on to the next
step, {memory location); and therefore output ancther pulse,
another external trigger input pulse is required. Refer to
paragraph 3.7 Memory Control Group.

As an example of using external input and output triggering,
assume the Model 228 is to be used in conjuction with the
Model 195A System DMM. The Model 228 can be program-
med to output up to 100 voltage/current levels for given
periods of time. As each cutput voltage/current is applied,
the Model 228 iriggers the Model 195A to take a reading.
When the Model 195A completes its reading, it triggers the
Model 228 to output the next programmed voltage/current
value. The sequence repeats itself until all readings have been
taken.

To use the Model 195A with the Model 228 perform the
following steps:

1. Connect the Model 228 and the Model 195A as shown in
Figure 3-13. Use suitable shielded cables with BNC connec~
tors. The Model 195A voltmeter complete output should
be connected to the Model 228 external trigger input. The
Model 195A external trigger input should be connected to
the Model 228 external trigger output,

2. Place the Model 195A in the external trigger mode.

3. Connect both the Model 228 and the Medel 195A to the
circuit under test.

4. Program the Model 228 with the desired output voltage,

current and dwell time values (refer to paragraph 3.10,
Examnples 1, 2 and 3). Set the Model 195A to the ap-



propriate function and range. If desired, enable the Model
195A data buffer for reading storage.

5. Select the Model 228 memory control mode. To illustrate
this example, select the single step mode,

é, Place the Model 228 in the operate mode.

7. Press the START/STOP key on the Model 228 to output
the first voltage/current vaiue.

8, Press the Model 195A front pane! trigger button. This
starts the measurement cycle on the Model 195A.

9. After the Model 195A completes the reading, it triggers
the Model 228 into the next memeory location; and
therefore, output the next voltage/current value.

10. Each instrument will trigger the other until the trigger cy-
cle is stopped.

CAUTION
Do not exceed 30V between the external
trigger connectors (outer ring) and chassis
ground or instrument damage may occur.

EXTERNAL TRIGGER IN &
EXTERNAL TRIGGER OUT 04—

MODEL 228
REAR PANEL

MODEL 185
REAR PANEL

b VOLTMETER
COMPLETE

Ly EXTERNAL
o TRIGGER

Figure 3-15. External Trigger Connections

3.13.8 Example 8: Fioating Operation
{Extended Compliance)

The Model 228 may be floated up to 101V off of chassis
ground {earth ground}, Fleating the Model 228 off of earth
ground increases the compliance voltage by that level. The
maximurmn float voltage is 101V and the maximum compliance
voltage is 100V. This increases the compliance level to 201V,
This does not mean that the Model 228 will deliver 201V of
compliance. 100V is from the Model 228 and 101V from the
external supply. A second Mode! 228 is a good choice to use
for the external supply. Before floating the Model 228 above
earth ground with an external supply, always check for the
proper circuit connections. Figure 3-16 shows the proper con-
nections when floating the Model 228 above earth ground.

QUICK
——— E,Dassccgmﬁrésw
MODEL 228 o OUT + =
| QuUT - _A_l
| SSTURUN B
* | +
- Ll
1o = B : Ry
yy
L1 EXTERNAL | _
VOLTAGE CASE
SGURCE —— GROUND
100V MAX | 4 01AMP 10V MAX TO 1.01 < |< 10.1A

*IF THE EXTERNAL VOLTAGE SOURCE IS NOT A MODEL 228, THE
DIODES SHOWN {Dy & Dol SHOULD BE USED TO PROTECT THE EX-
TERNAL SOURCE FROM SUCH ERRORS AS:

1. INCORRECT MODEL 228 PROGRAMMED POLARITY,

2. IMPROPER POWER ON SEQUENCE.

3. EXCESSIVE MODEL 228 PROGRAMMED VOLTAGE.

Figure 3-18. Connection for Floating Operation

CAUTION

When an external voitage source is con-
nacted in series with the Model 228 output
{as shown in Figure 3-16), care should be
taken to observe the power limits specified
in Figure 3-12. Also, the current MONITOR
and MODULATION connectors are held
within a few volts of the QUT — terminal by
the Model 228.

3.14 APPLICATIONS

The following applications allow the Model 228 to be used in
several situations including: source current and an active load
{current sirtk).

3.14.1 Low Resistance Measurements

Connectors, switch and relay contacts, printed circuit boards
and other devices with u{l resistances can be measured with
current, source and sensitive voltmeters, For example: Using
10A and ImV range gives 100 resolution {1mV/10A) =
10012 . This resolution is obtainable without using an addi-
tional digital multimeter.
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NOTE
For this example remote sensing should be used.

The four terminal measurement eliminates the effects of test
iead resistances. The Model 228 could be used to supply a
current (I} through the device under test {DUT). This
developes a voltage (IRpyT) which could be read by the sen-
sitive voltmeter. Using a 100mA current, the 10nV resolution
of the Keithley Model 181 Nanovoltmeter corresponds to
0.1xQ. Thermal EMFs, elecirochemica and other effects add
an extraneous DC voltage (Veygpser) to the voltage devioped
by the current source, This offset may be eliminated by ap-
piving first a positive and then a negaitve current, both of the
same magnitude (I).

For pesifive current: Vx4 = IRpyut + Voreser
For negative current: Vy.. = ~~IRpur + VorrseT
The difference of these voltages is a follows:

(Vx4 —Vyx-)={Rpyur+Voreser) — (—Rpur+ Voreser) =

ZRput
or
(Vx+ —Vyo)
RpyT = —mme
21

The DUT can be installed in the Model 8003 Low Resistance
Test Box, which employs Kelvin sensing and includes all in-
terconnecting cables to Models 181 and 228.

The same measurement techniques can be applied to
materials testing, where a metal under stress eventually
microfractures, causing an increase in resistance. Small
laboratory samples or even large airplane wings can be tested
in this manner. Refer to Figure 3-17 for an example configura-
tion.

VOFFSET

1
l I
- 181
RouT NANOVOLT
CURRENT @ by METER
SOURCE
e

Figure 3-17. Low Resistance Measurements
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3.14.2 Battery Tests

The Mode] 228 is capable of acting as a source or as a ac-
curate and stable load. Testing the life of a battery requires
such a load. The Model 228 could be set to dissipate power
from the battery. The load conditions could be programmed
over the IEEE-488 bus or from the front panel.

Figure 3-18 shows the configuration of the Mode! 228 sinking
power from the battery. The battery in the figure is rated at
10V therefore the Model 228 should be programmed for a
voltage less than 10V in order to operate in the sink mode.
When the voltage of the Model 228 is less than the voltage of
the battery, current is drawn from the battery into the Model
228. The COMPLIANCE graph shows that the instrument is
operating in the sink mode. The voltage is positive but cur-
rent is being drawn from the battery which shows up on the
COMPLIANCE graph as negative current.

The battery could be discharged in this manner. A data logger
would be useful to log the decline in battery voltage over a
long period of time. The Keithley Model 197 DMM has a
built-in 100 point data logger that would be ideal for this ap-
plication. The data logger of the Model 197 has six selectable
rates at which the data may be logged automatically. It also
has a numerical trigger for manual data logging. The auto-
matic rates range from three readings per second to one
reading per hour. The Model 197 and the Model 228 would
work in conjunction with each other to accomplish the bat-
tery test. Figure 3-19 shows the cenfiguration of the Model
228, Model 197 and the battery for the test.

When using the Model 228 to test power supplies; most
power supplies would be damaged if external voltages or cur-
rents are forced upon the, Figure 3-20 is a suggested protec-
tion circuit. The two dicdes in Figure 3-20 protect most sup-
plies in the event of the following errors,

1. Incorrect Model 228 polarity.
2. Improper power on sequence.
3. The Model 228 is programmed for excessive voltage.
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Figure 3-18. Battery Life Test

QUICK
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Figure 3-19. Data Logging Configuration
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PROTECTION FOR USER'S SUPPLY

Figure 3-20. Power Supply Protection Circuit

3.14.3 External Modulation

The output of the Model 228 may be externally modulated,
This means the user supplies a low frequency (DC to 600Hz)
low voltage {10V} signal that is superimposed on the output
signal of the Model 228. This external AC signal is applied to
the external modulation terminals on the quick disconnect
board and therefore the output signal, The polarity of the
modulation is determined by the programmed polarity of the
output sigral. The input resistance to the external modulate
terminal is 6.8kQ. The maximum modulation with the cutput
programmed to zero is +0.0V to —10V. The maximum
modulation with the outpui programmed to full scale is
+10V to =0.0V.

The front panel MODULATE 1 and MODULATE V LEDs in-
dicate which function is selected, :

The external modulation feature could be used to add low fre-
quency signals to the Model 228 output. An example could be
performing power supply rejection tests without the burden
of large transformer or additional power amplifiers. Figure
3-21 shows the configuration for using the external modula-
tion feature. Figure 3-22 shows a typical modulated output.

where:

Vi
PSRR =]

0810 Vo

NOTE
Use shielded cables when externally modulating
the output of the Model 228. The shield should
be connected to output LO. Shield cables help in
reducing extraneous noise.
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QUICK

DISCONNECT
BOARD
MODEL 228 oantvetiant i w1 POwWER lquT
| ouT : SUPPLY AC DIGITAL
*EXTERNAL L _OUT - UNDER VOLTMETER {Vg}
MODULATION CONNECTOR TEST
prmima]
N
Y SHIELD
OUTPUT
' AC DIGITAL PSRR = 20 log1o %1.
SIGNAL GENERATOR VOLTMETER (V) o

*EITHER VOLTAGE OR CURRENT

MAY BE MODULATED.

CAUTION
B0 NOT EXCEED RATED SPECIFICATIONS FOR
MODULATION VOLTAGE OR MODULATION CURRENT,
INSTRUMENT DAMAGE MAY OCCUR.

CAUTION: MOD IS NOT iSOLATED FROM QUTPUT.

Figure 3-21. Connections for External Modulation

PROGRAMMED
LEVEL v

AC MGDULATION SUPERIMPOSED
ON PROGRAMMED LEVEL

\/\ /\ MODEL 228 ourw'r:j
VA VAN |

LOAD CAPACITOR

oV

Figure 3-22. Typical Modulated Output

Figure 3-23. Ramp Generation

3.14.4 Ramp Generaticn

A very accurate ramp may be generated by charging a
capacitor with the Model 228. The Model 228 charges the
capacitor with a constant current up to the compliance limit
of the Model 228 or the working voltage of the capacitor.
Figure 3-23 shows the Model 228 connected to a capacitor.
Figure 3-24 shows the ramp that is generated by the constant
current being applied to the capacitor,
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. Figure 3-24. Ramp Characteristics

The ramp is generated as the capacitor charges. When the
compliance limit of the Model 228 is reached or the capacitor
is fully charged, the ramp levels cut to the voltage level on the
capacitor. The ramp could be used with a data logger {e.g.
Keithley Model 197 DMM in data logger mode). The data
logger could be used to store up to 100 data points of the
ramp to verify the accuracy of the ramp.

3.14.5 Power Semiconductor Testing

The Model 228 is suitable for testing power semiconductors
such as VMOS FETs, diodes, power Bipolar transistors, etc.
Typical curves for the transistors may be obtained using one
or two Model 228s. The Model 228 supplies up to 100W for
these applications, Obtaining the curves for bipolar tran-
sistors involves two Model 228s. One Model 228 is connected
between the base and emitter and another Model 228 is con-
nected between the collector and the emitter. Figure 3-23
shows the configuration for obtaining the family of curves for
a power transistor. The curves shown are the collector-
emitter voltage versus collector current (Vg I curves).,

Most Vep/le curves flustrated in data manuals show the
maximum safe forward bias area. This area is self ex-
planatory and should not be exceeded. Figure 3-26 shows
typical 2 structure of Vg Ie curves. Also shown in Figure
3-26 is the maximum safe forward bias area.

For incoming inspection testing, manual testing may not be
cost efficient. The configuration shown in Figure 3-25 may be
connected to the IEEE-488 bus and a computer. The Model

228 has a built-in IEEE-488 interface that allows the test cir-
cuit to be incorporated into the measurement system. Figure
327 shows the configuration with the Mode! 228s connected
to the computer over the bus.

With the system cenfiguration, the computer may be pro-
grammed to controf the testing automatically. The Model 228
responds to IEEE-488 protocol concerning cemmands and
data. With the Keithley Model 8573 [EEE-488 interface the
Model 228 may be controlled with the IBM PC or XT. The
Model 8573 IEEE-488 is supplied with its own software boot
disk and instruction manual. The instruction manual pro-
vides clear instructions for operating the Model 8573 with the
IBM PC or XT,

Other transistor tests may be performed using the Model 228
and the configuration shown in Figure 3-25, Examples of
these tests include:

1. DC Current Gain—The graph of DC current gain shows
coilector current (I} versus hfe,

2. "ON" Voltages—The graph of "ON" voitages shows the
collector current (I} versus the “ON" voltage of the tran-
sistor.

3. Collector Saturation Region--The collector saturation
region graph shows base current {{) versus collector emit-
ter voltage (Vep).

Da}i ? Q
g _{

MODEL 228 MODEL 228

Figure 3-25. Power Transistor Test Set Up
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Figure 3-26. Power Transistor Io/Veg Curves
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Figure 3-27. Automated Test Set Up

The test set up is shown in Figure 3-25, the curves shown in
Figure 3-26 and the automated set up shown in Figure 3-27
could all apply to FETs as well as bipolar transistors. In Figure
3-25 the set up would be slightly different for a FET than for a
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bipolar transistor. Figure 3-28 shows the configuration using
a FET instead of a bipolar transistor. Figure 3-29 shows the
family of curves for a FET instead of a bipolar transistor.
Figure 3-30 shows the automated test set up with a FET in-
stead of a bipolar transistor.

MODEL 228 MODEL 228

Figure 3-28, FET Test Set Up

NOTE
Using the bipelar capability of the Model 228,
both polarity transistors can be tested without

rewiring.
DRAIN
CURRENTY
{ip}
MAXIMUM
SAFE FORWARD
BIAS AREA
vVas

DRAIN-SOURCE VOLTAGE Vpg!

Figure 3-28. FET Curves
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Figure 3-30. Automated Test Set Up for FETs

3.14.6 Compensation for Noise

OUTPUT NOISE

For most applications, electrical noise coming from the
Model 228 is negligible. However, some Model 228 users
may have some output noise questions when operating this
instrument in extremely sensitive applications. The follow-
ing information will help you determine possible sources
of the noise, which noise frequency range your test applica-
tion is sensitive to, and what you can do to isolate or reduce
the noise.

Before you can isolate or reduce electrical noise effects in
your application, you must determine what frequencies
your test is most sensitive to.

* A good source of information is the specification sheet
from the device under test.

e Add a “known” controlled noise source (such as a func-
tion generator) to the circuit and measure the circuit’s sen-
sitvity to it

* Set up a “noise free” environment, then add one noise
source at a time to determine which noise sources affect
the test.

To check the circuit’s noise sensitivity, try the following:

COMMON MODE—Connect a sine wave generator be-
tween the “earth” ground and circuit ground. Monitor any
changes in the circuit’s performance as frequency is swept
10 determine its noise sensitivity.

NORMAL MODE—Connect a sine wave generator in series
with “safe” level (<30V) signal lines. Be careful not to
violate grounding through the function generator (since
many function generators connect one output terminal to
“earth” ground). Isolate the function generator from high
level { >30V) signals with a transformer. Check circuit per-
formance as in common mode testing to determine noise
sensitivity.

NOISE SOURCES

There are many possible sources of electrical noise both
from the Model 228 and from external sources. The follow-
ing characterizes noise sources within the Model 228:

s The Model 228's microprocessor is isolated from the out-
put circuitry by opto-isolators. However, some
microprocessor hash in the 25-00MFz range may appear
on the output due to capacitive coupling within the
Model 228. When viewed with a wideband oscilloscope,
the noise may look much greater than low frequency
noise, However, this is usually not a problem in ex-
periments since it is mosily common mode and not seen
across the load. The low common mode rejection ratio
of most scopes at these frequencies impairs their ability
to make accurate normal mode (across the load) noise
measurements.

» There may be low level noise at the Model 228 power line
frequency.

 There may also be some noise generated at 50kHz and
harmonics of 50kHz due to the switching power supply.

Some noise sources in fypical laboratory environments
include:

e Equipment with Microprocessors and/or Digital Circuitry:
This includes personal computers, peripherals, and test
equipment. Noise from these sources is coupled through
cables. Frequency components of this type of noise in-
clude multiples and subharmonics of internal clocks and
hash from signal edges.

e Computer Terminals: Terminals may generate noise at
15kHz and harmonics of 15kHz. In addition, some
MHz-100MHz microprocessor hash may be generated.
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» Fluorescent Lighting: Noise can be generated at the har-
monics of the power line frequency.

* DC motors: All frequencies can produce some amount
of noise {white noise source).

¢ Broadcast Stations and Commercial Transmitters: Again,
a continuous spectrum of noise is generated, most usually
around IMHz and above 30MHz.

CHECKING FOR NOISE S50URCES

When characterizing electrical noise, a spectrum analyzer
or an oscilloscope would be very helpful.

A spectrum analyzer is very useful when used with an
antenina and “sniffer” probe. The analyzer provides relative
amplitude and frequency information. Multiply the relative
amplitude information with the circuit sensitivity at par-
ticular frequencies to determine the most significant
problems.

If your oscilloscope has an adjustable bandwidth control,
it may be used like a spectrum analyzer. Unfortunately,
many oscilloscopes have a greater sensitivity-bandwidth
product than most circuits. Note that spikes have less
energy than a continuous waveform of the same peak
amplitude.

NOISE REDUCTION TECHNIQUES

The following suggestions are “rules of thumb” which may
solve many commoniy encountered problems.

Low .Prequency Noise Reduction Techniques (to 300Hz)

Low frequency noise is often the result of less than optimal
shielding, grounding or circuit layout. Try these sclutions:

e Run power lines and grounds for control circuitry
separately from noise-selection circuitry.

e If you must ground one of the Model 228's leads, do it
at the circuit under test. Only one “earth” connection is
allowed for a system to avoid ground loops.

* Employ the “remote sense” capability of the Modei 228.

» Use twisted-pair wire for the Model 228’s output and
sense leads.

Medium Frequency Noise Reduction Techniques (300Hz-
300kHz)
Lead inductance and capacitor equivalent series resistance

become significant at medium frequencies. Try the
following:
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* Bypass the power supply at the circuit under test. Use
polystyrene, mylar or ceramic capacitors.

e Shield the circuit. (A ground plane connected at only one
point will do.)

s All wires over 6” long (including power supply line)
should be shielded or of the “twisted-pair” type. Note--
large diameter wire is usually less inductive than small
diameter wire of the same length.

Remember--two pieces of equipment may not be at the
same “ground” potential even if they are plugged into the
same power outlet box.

High Frequency Noise Reduction Techniques (300kkHz-
20MHz)

To reduce high frequency noise, try the following:

e Put the circuif under test in a conductive box (for fuil
shielding effects).

* Make sure the leads on bypass capacitors are %" or less
in length. This requires bringing conductors fo capacitors,
net vice versa.

* Use mica, glass, low-loss ceramic or polystyrene
capacitors.

* Bypass all wires going in to or out of the circuit under test.

—Ferrite beads are most useful when the DC and peak
AC current does not exceed about 10mA.

—Wire wrapped around a 10Q or 1002 carbon composi-
tion resistor and soldered to its leads makes a good low
Q inductor capable of handling higher currents.

—Capacitors that short noise to protective shields should
have leads as short as possible (%”). Feedthrough type
capacitors are preferred.

Use bulkhead connectors bolted to the shield for coaxial
cables if possible.

Line filters (electromagnetic interference suppressors) in
a metal case work well at higher frequencies if bolted to
the circuit shield. Be sure fo use the proper current rating.
Use twisted-pair wire for proper supply and sense lines.
Noise coupled into the Model 228 through sense lines
will appear on the output and degrade specified perfor-
mance.

» Avoid using a large value capacitor in parallel with a small
value capacitor since this can form a parallel resonant cir-
cuit* Otherwise, isolate the two capacitors with a dam-
Ping resistor {10Q carbon composition is a good starting
value).

* Large value capacitors appear inductive at high frequen-
cies while the small value capacitor may still appear
capacitive. The parallel combination will then have a
higher impedance at some frequencies than either
capacitor by itself.



SECTION 4
IEEE BUS OPERATION

4.1 INTRODUCTION

This section contains information necessary to operate the
Model 228 over the IEEE-488 bus. The Model 228 has a stand-
ard IEEE interface that allows the user to give commands and
read data via an external device. Front panel Programs 2, 4, 5
and 6 may be activated over the bus,

A typical set up for controlled operation is shown in Figure
4-1. Generally, a system will contain one controller and a
number of other instruments to which the commands are
given. Device operation is categorized into three operators:
controlier, talker and listerier. The controller does what its
name implies; it controls the instruments on the bus. The
talker sends data while a listener receives data. Depending on
the type of instrument, any particular device can be a talker
only, a listener only or both a talker and a listener.

Any given system can have only one active controller, but
any number of talkers or listeners may be present up to the
hardware limitations of the bus. Generally, the bus is limited
‘to 15 devices, but this number may be reduced if higher than
normal transfer rates are required or if longer than normal
cables are used.

Only one device on the bus may be a talker at any given time
- while several devices can be commanded to listen. Before a
device can be commanded to talk or listen it must be ap-
propriately addressed. Devices are selected by their primary
address. Usually, each device on the bus has its own primary
address so that each device may be addressed individually.
The primary address of the Model 228 is set at the factory to
11. The primary address may be changed by front panel Pro-
gram 3. For more information concerning front pane] pro-
grams refer to paragraph 3-11.

Once a device is addressed to talk or listen, the apprepriate
bus transactions take place. For example: if the Model 228 is
addressed to talk, it places its data string on the bus one byte
at a time. The controller reads the information and the ap-
propriate software can be used to direct the information to
the desired location.

4.1.1 Software Considerations

The most sophisticated computer in the world would be
useless without the necessary software. This basic require-
ment is also true of the IEEE-488 bus, which requires the use
of handler routines as described in this section.

Before a controller can be used with the IEEE-488 interface,
the user must make certain that the appropriate handler soft-
ware is present within the controlier. With the HF-85 com-
puter, for example, the HP-85 interface card must be used
with an additional 170 ROM, which contains the necessary
handler software. As another example, the IBM PC (use the
Keithley Model 8573 IEEE-488 interface) also requires handler
software. This handler software is on the disk that is provided
with the Keithiey Model 8573,

Qther small computers that can be used as controllers have
limited IEEE capability. The PET/CBM computer, for exam-
ple, is incapable of sending multiline commands from BASIC,
although these commands can be sent through machine
language routines. The capabilities of other small computers
depends on the particular interface being used. Often, little
software “tricks” are required to achieve the desired results,

From the preceding discussion, the message is clear, make
sure the proper software is being used with the interface.
Often, the user may incorrectly suspect that a hardware prob-
lem is causing fault when it was the software that was causing
the problem all along.

4.1.2 interface BASIC Programming
Statements

Many of the programming instructions covered in this section
use examples written in Hewlett-Packard Model 85 BASIC
and Keithley Model 8573 interface statements. These com-
puters and interfaces were chosen for these examples because
of their versatility in controlling the IEEE-488 bus. This sec-
tion covers those HP-85 and Model 8573 statements that are
essential to Model 228 operation.



A complete list of HP-85 BASIC and Model 8573 interface
statements is shown in Table 4-1. HP-85 statements have
one or three digit argument that must be specified as part of
the statement. The first digit is the interface select code, which
is set to 7 at the factory, The last two digits of those
statements with a 3-digit argument specify primary address.

Those statements with a 3-digit argument listed in the table
show a primary address of 11 (the default primary address of
the Model 228). For a different address the last two digits need
to be changed to the required value. For example, to send a
GTL command to a device using a primary address of 11 the
foliowing statement would be used:

LOCAL 711.

Some of the statements have two forms; the exact configura-
tion depends on the command to be sent over the bus. For ex-
ample, CLEAR 7 sends a DCL command, while CLEAR 711
sends the DC command to device with a primary address of
11.

The Model 8373 statements, which are also listed in Table
4-1, are different than the HP-85 statements. Each of these
statemnents use the [BM BASIC CALL statement, with a dif-
ferent variable passed as shown in the table. The command
words, such as IBCLR (Interface Bus Clear} and IBSRE {Inter-
face Bus Send Remote Enable), are BASIC variables. These
variables must be initialized at the start of each BASIC pro-
gram. These keywords should not be used for any other pur-
pose in your BASIC program.

Before using the Model 8573 examples, the software must be
configur