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-2SGEN79 is the signal generator designed for use in the towed
source experiment conducted during June of 1979. The output of
this generator can be made up of the sum of as many as six switch
selectable waveforms. The amplitude of each waveform can be in-
dividually adjusted. The unit provides a quiet period of'20 minute
once every four hours. Clock timing can be derived from an interna
oven-controlled crystal or from an external 1 or 5 MHz reference.
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ACRONYMS

The following acronyms are used in this report:

PANOIC A towed source experiment in the Pacific
conducted in the summer of 1977. She 7
digit sequence used in the 1979 towed
source experiment was the same as that
used in PANOIC. The digit duration was
reduced to 64 carrier cycles per digit.

WHAMMO Refers to an augmented linear maximal
sequence based transmission that is used
in propagation studies performed by the
Institute for Acoustic Research.
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1. Introduction

SGEN79 is the signal generator designed for use in the
towed source experiment conducted during June of 1979. The
output of this generator can be made up of the sum of as
many as six switch selectable waveforms. The amplitude of
each waveform can be individually adjusted. The unit
provides a quiet period of 20 minutes once every four hours.
Clock timing can be derived from an internal oven-controlled
crystal or from en external 1 or 5 MHz reference. Self-
metering capabilities are provided.

As configured for the June experiment, the following
waveforms are provided:

Channel l..A 7 digit linear maximal sequence is used to
phase modulate a sinusoidal carrier using CM (+-45
degrees) modulation. The duration of each digit
corresponds to 64 cycles of carrier. The sequence
chosen was the same one used in the PANOIC-77
experiment. This seven digit sequence is 1001011.

Channel 2..A 512-digit augmented linear maximal sequence is
used to modulate a sinusoidal carrier using CM (+-45
degrees) modulation. The sequence used to modulate
the carrier is the one used by the Institute for
Acoustic Research in their WHAMMO transmission. The
sequence law setting on the BCSG-76 for this sequence
is 01257.

Channel 3..A 255-digit linear maximal sequence is used to
modulate a sinusoidal carrier using biphase (+-180
degrees) modulation. The duration of each digit
corresponds to 250 cycles of carrier. The sequence
law setting on the BCSG-76 for the sequence used is
00455.

Channel 4..A CW sinusoid.

Channel 5..A CW sinusoid.

Channel 6..A CW sinusoid. The frequency is determined by
the front panel selector switch setting. Provision is
made for two frequencies. The clock divide factors
for these two frequencies must be preprogrammed into a
ROM contained on the associated waveform generator

board.

The carrier frequencies of the individual channels can
be set to values in the range of 31,250 Hz to 3.125 Hz. The
frequencies correspond to 1 MHz divided by 32 times an
integer in the rang of 1 thru 9999.
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2. Front Panel Description

The signal generator front panel is shown In Figure
2.1. This section describes the function of the indicators
and controls on this panel.
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Figure 2.1. SGEN79 Front Panel

AC/ON Toggle Switch

This switch is used to turn on and off the line power
to the generator. The line power is on when the switch is
in the up position.

4 BAT/ON Toggle Switch

This switch is used to connect the backup battery
supply to the uninterruptible power supply. When this
switch is in the up position, the battery is connected andthe generator is powered. Normally this switch should onlybe in the up position when the AC/ON switch is on. The

anticipated battery capacity of the SGEN79 battery supply is
from one to two hours.

+5 LED

This indicator indicates when the +5 supply is
operating. If it is off, it is very likely that the +5 volt
supply is not operational. It is not intended to be able
to indicate a low voltage situation.

+15 LED

This indicator indicates when the +15 supply is
operating. If it is off, it is very likely that the +15
volt supply is not operational. It is not intended to be
able to indicate a low voltage situation.
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-15 LED

This indicator indicates when the -15 supply is
operating. If it is off, it is very likely that the -15
volt supply is not operational. It is not intended to be
able to indicate a low voltage situation.

RUN/RESET Toggle Switch

When this toggle switch is in the down (RESET)
position, the generator is held in its reset state. All
internal timing is suspended and the outputs of any enabled
D/A converters are at their maximum values. The off period
timer is also reset.

While the generator is in the reset state, the signal
output is held at the peak negative excursion value as
determined by the level pot settings.

Placing this switch into the up (RUN) position allows
normal operation to start. The off period timer starts
operation the moment the switch is placed into the RUN
position. The first off period will be 3 hours and 40
minutes from this time. The duration of the off period will
be 20 minutes. Off periods repeat every four hours
(exactly).

EXT RESET IN BNC Connector

This connector makes provision for use of an external
signal to reset the generator. To use this input first
insure that the RUN/RESET toggle switch is in the RUN
position. This input requires a standard TTL compatible
drive. A pull-up resistor is provided. Grounding the input
causes the unit to enter the reset state. This state is
maintained until the ground condition is released. The
external BNC signal may then be removed without affecting
the unit.

FREQ ADJ Potentiometer

This 10-turn pot is used when setting up the operating
frequency of the internal oscillator. The adjustment range
is approximately +-I part in 10^7. The use of this pot is
described in the section entitled "Setting the Internal
Oscillator."

CLOCK SELECT Rotary Switch

The time base used in this generator can come from
three possible sources. These include an internal oven
stabilized oscillator, an external 5 MHz source or an
external I MHz source. It is anticipated that the internal
oscillator will normally be used.
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5 MHz IN BNC Connector

An external 5 MHz timing signal can be applied here.
This signal must be TTL compatible.

1 MHz IN BNC Connector

An external 1 MHz timing signal can be applied here.
This signal must be TTL compatible.

CHANNEL ENABLE Toggle Switches 1-6

Each toggle switch turns on or off the D/A converter
associated with the indicated channel. A switch in the down
position turns off the converter. A switch in the up
position turns on the associated converter. These switches
do not affect the timing associated with the waveform
generation.

The switches for channels 1 and 2 are wired so that
when both are in the up position an alarm will sound. This
was done because the PANOIC and WHAMMO signals are not to be
run at the same time due to transducer power limitations and
experiment procedures at the receiving sites. At the sites,
only one of these signals could be processed at a given
time.

LEVEL Potentiometers 1-6

These six pots are used to adjust the levels of the
associated signals. Rotating clockwise increases the signal
level. The maximum output contribution from a single
channel is 0.701 volts rms.

METER Rotary Switch

This switch is used to select the signal to be applied
to the metering circuitry. Positions 1-6 correspond to
channels 1 thru 6. Position 0 corresponds to the summed
output signal. Channels can only be metered if they are
enabled.

VOLTS/MV Toggle Switch

This switch sets the meter sensitivity. The meter
display contains three digits. With this switch in the
VOLTS position, the display is in volts with the decimal
point following the left most digit. With this switch in
the MV position, the display is in millivolts with the
decimal point following the right most digit.

METER Display

This is a three digit meter. The circuit driving it
consists of a full-wave rectifier followed by a two-pole low
pass filter. It is calibrated -to convert average ac
sinusiod levels into rms values. It is not a true rms
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meter. Although the display has three digits, it is not
fully accurate to that degree.

SELECTOR A/E Toggle Switch

This switch is used to select between two
possible operating frequencies for channel 6. The divide
factors for the two frequencies are contained in a ROM
located on the channel 6 waveform generator board. The
channel 6 frequencies can be changed by inserting new ROMs
which have been programmed with the desired divide factors.
The waveform generator board for channel 6 was modified in
order to be controlled by this switch.

ACTIVE LED

This LED is lit when the generator is actively
producing an output waveform as determined by the settings
of the channel enable toggle switches. It is off when the
generator is in a 20-minute quiet period or when the
generator is in the reset state.

QUIET LED

This LED is lit when the generator is in the 20-minute
quiet period. It is off when the generator is in its active
period or when the generator is in the reset state.

1 MHz OUT BNC Connector

A 1 MHz TTL compatible square wave is available here.
This waveform is provided for use in adjusting the internal
oscillator.

100KHz OUT BNC Connector

A 100 KHz TTL compatible square wave is available
here. This waveform is provided for use in adjusting the
internal oscillator.

SIG OUT BNC Connectors

These two BNC connectors are wired in parallel. The
signal produced by the generator is available on these two
connectors. The generator is capable of driving into 600
ohms.
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3. Operating Procedure

1. Plug the unit in and turn on the AC power.

2. If the unit contains a battery backup supply, turn on
the BATTERY switch. This places the backup batteries
into the circuit.

3. Set the CLOCK SELECT switch to choose the desired
clock source. This will normally be the INT position.
The internal oscillator requires approximately 20 to
30 minutes to warm up and stabilize to a part in 10-8.
It is assumed that the internal clock has been
previously trimmed.

4. Place the RUN/RESET switch into the RESET position.
This completely resets the internal timing circuits
and holds the unit in the off state.

5. Place the 6 CHANNEL ENABLE switches in the down
position. This turns off the outputs of the 6
internal waveform generators.

6. Place the SELECTOR switch into the A or B position as
required.

7. At a convenient time (most likely at the start of an
hour divisible by 4, e.g., 0400 or 1200) place the
RUN/RESET switch in the RUN position. This enables
the internal clocking and allows the output waveforms
to be generated. The first off period will be 3 hours
and 40 minutes from the time at which the switch is
moved from the RESET to the RUN position. Off periods
are spaced exactly four hours apart.

8. Set up the signal levels as required by the experiment
plan.

The level setup can be performed using the source
transducer monitor (the preferred way) or using the
internal metering of the generator.

Turn on the channel 1 output by placing the channel 1
ENABLE toggle switch in the up position. Adjust the
channel 1 level 10-turn pot to obtain the desired
level as monitored at the transducer output or as read
on the generator meter. Return the channel 1 toggle
switch to the down position. The meter channel
selector switch should be in the 0 position when
making this adjustment. Note that while the meter
reads to three significant figures, the metering
circuit was built using 1% parts.

Repeat the above procedure for channels 2 thru 6.
This completes the setup.
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9. Turn on the channels required for the current segment
of the experiment. This is done by placing the
CHANNEL ENABLE toggle switches of the desired channels
into the up position.

If an attempt is made to enable both channels I and 2
at the same time, an alarm will sound. The procedure
to follow when switching between the PANOIC signal
(channel 1) and the WHAMMO signal (channel 2) is to
first place both the channel 1 and 2 toggle switches
in the down position and then place the enable switch
of the desired waveform into the up position.
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4. Adjustment

The trim adjustments provided in the generator consist
of the waveform generator boards' gain and dc offsets and
the oven stabilized oscillator's frequency.

4.1 Setting up the Waveformer Boards

Each waveformer board has two adjustment
potentiometers. One of these is used to trim the output D/A
converter gain, and the other is used to trim the D/A
converter offset voltage. A test point is provided at the
front of each board which can be used to monitor the D/A
converter output. A top view of the waveformer board
showing the locations of the trim pots and the test point is
given in Fig. 4.1.

4= Gain

E Offset

0 Test Point

Figure 4.1. Adjustment and test point location

Connect a digital voltmeter between the test point on
the board being adjusted and the ground of the +-15 volt
supply. Place the RUN/RESET switch on the generator front
panel into the RESET position and place the channel select
switch for the board being adjusted in the down position.
The voltmeter now reads the dc offset voltage. Adjust the
pot closest to the test point to reduce the dc offset to 2
millivolts or less. Next place the channel select switch
for that board in the up position. The RUN/RESET switch
should be left in the RESET position. The D/A converter
output is now at its maximum value. Adjust the gain pot to
get a reading of 4.971 volts.

4.2 Setting the Internal Oscillator

The internal frequency reference is an oven stabilized
crystal oscillator. Two adjustment points exist for this
unit. The first is located within the oscillator itself.
This one controls the oscillation frequency by adjusting the
oven temperature. This adjustment has a wide range of
tuning capability; however, with proper care, it can be used
to set the operating frequency to within a part in 10A8.
The second adjustment is via a 10-turn pot mounted on the
front panel. The range of this adjustment is about 2 parts
in 10A7.
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The following procedure is suggested when adjusting
the oscillator frequency.

1. Apply power to the oscillator and allow it to
temperature stabilize for 20 to 30 minutes. The
access plug located on top of the oscillator must be
in place.

2. Synchronize an oscilloscope to an external 1 MHz
reference and display the I MHz output. The display
will appear to drift left if the oscillator frequency
is higher than that of the reference and will drift to
the right if it is lower than that of the reference.
The rate of the drift indicates the relative frequency
offset. One cycle in 1 second at 1 Mhz indicates an
offset of 1 part in 10^6. If it takes 10 seconds to
drift one cycle then the offset is 1 part in 10^7;
100 seconds to drift one cycle indicates an offset of
1 part in 10^8.

3. Position the 10-turn pot to its mid-range position and
use the scope to estimate the frequency offset between
the oscillator and the reference. If this offset is
greater than about +-l part in 10^7 then it will
probably be necessary to make an initial adjustment of
the oscillator oven.

4. To adjust the oven, remove the access screw and
slightly rotate the adjustment screw inside the
oscillator module. Rotating this screw clockwise
lowers the oscillator frequency. Replace the access
screw and allow 5 to 10 minutes for the oscillator to
restabilize. After an adjustment the frequency
increases slightly and then slowly comes down to the
adjusted value.

Using this procedure it is possible to set the
oscillator to at least 1 part in 10-8 in about 30 to
40 minutes.

5. Once the oscillator has been brought into range via
the oven adjustment, small tweak adjustments can be
made using the 10 turn pot located on the front panel.
Turn the pot clockwise to increase the oscillator
frequency.
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5. Internals

The generator contains five major subassemblies.
These are:

Wire-Wrap panel.

This panel contains the sequence generators and timing
circuitry for the four-hour schedule. It also
provides the interconnections between the waveform
generator boards, the front panel and the power
supply. The panel is a 60-position AUGAT model 8136-
PG21-60 panel.

Waveform Generator Boards

The input to these boards consists of a 1 MHz clock
and a phase control signal. The 1 MHz clock is
divided by a four digit BCD countdown. The output of
the count down is then used to drive a divide-by-32
counter. The states of the divide-by-32 are used to
address a read-only memory in which the samples of one
period of a sine wave have been stored. The
amplitudes of the samples are quantized to eight bits.
The ROM outputs are gated to the D/A converter that
generates the output waveform. The frequency of the
output sinusoid is 1 MHz divided by 32 times the BCD
divide factor.

A total of six waveformer boards were fashioned into a
stack and were mounted next to the wire-wrap panel.
The individual boards were connected to the wire-wrap
panel using 16 conductor ribbon cables.

The board for channel 6 was modified by the addition
of a pair of ROMS which were used to select between
two possible divide factors.

Summer/Meter ing Board

This board accepts the outputs of the six level adjust
pots and sums the signals to generate the output
waveform. The circuitry used to generate the metering
voltage is also contained on this board. The metering
consisted of full wave rectifying the selected
waveform and displaying the resulting average value.
The metering is not true rms.

Oscillator

The oscillator is a VECTRON oven stabilized crystal
oscillator set at a frequency of 16 MHz.

Power Supply

The power supply was to be a Semiconductor Circuits
uninterrupible supply along with a 12-volt battery
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pack. The UPS supplies did not arrive in time for
inclusion. A Standard Power power supply was used
instead. These units were purchased off the shelf at
a local distributer.

The layout of the generator internals is shown in
Figure 5.1. This figure is not drawn to scale.

I Fan I

Power Waveform
Supply Board

Stack

Top View
SWire-wrap TpVe

Battery Panel
Pack

E9I Summer/meteringBoard I
III eter-I I

Front Panel

Figure 5.1. Generator internal component layout

5.1 Wire-Wrap Panel

This panel contains the circuitry needed to

1. distribute +5 and -5 volts to the waveform generator
and summer/metering boards

2. implement the channel enable, run/reset and four-hour
schedule functions

3. generate the required modulating sequences

4. route the analog output signals from the waveform
generator boards to the level adjustment pots

5. divide the various possible clock frequencies to 1 MHz

The diagrams describing the wire-wrap panel logic are
contained in Appendix A.

The wire-wrap panel contains three binary sequence
generators.

-11- ____________



The first is a ROM based generator that can be used to
generate sequences containing as many as 32 digits. The
number of carrier cycles per digit is hardwired to be 64.
This number can be changed to values in the range of 1 thru
256, which are powers of 2, by moving one wire. In order to
generate the PANOIC sequence the ROM contents are

Address Contents

00 00100001
01 00000010
02 00000011
03 00100100
04 00000101
05 00100110
06 00100000

The low five bits select the next address to be read
out of the ROM. The sixth bit from the right is the
sequence bit used to generate the current digit. The top
two bits are not used.

The second generator is used to generate the so-called
WHAMMO signal. This is an augmented linear maximal sequence
containing 512 digits. The setting on the BCSG-76 that will
generate this sequence is 01257. The number of carrier
cycles per digit is hardwired to be four. By changing one
wire the number of cycles per digit can be set to 1, 2, 4, 8
or 16.

The third generator produces a 255-digit linear
maximal sequence. The BCSG-76 setting corresponding to this
sequence is 00455. The number of carrier cycles per digit
is header selected and can be any value in the range of 1
thru 999.

The four-hour scheduler consists of a number of
cascaded divide chains. First the 1 MHz clock is counted
down by 10^8 in order to get a 0.01 Hz clock. This clock is
divided by 12 to provide a clock that ticks every 20
minutes. The 20-minute period clock is divided by 12 in
order to get a clock that has a four-hour period. The four-
hour counter counts in 20-minute steps from 0 to 11. When
the counter is in state 11, the waveform board outputs are
turned off giving the quiet period. The counter goes from
state 11 into state 0 on the next 20-minute tick.

External connections are made from the wire-wrap panel
via cables listed below:

A0l channel 1 waveform board
B01 channel 2 waveform board
B02 channel 3 waveform board
B03 channel 4 waveform board
B04 channel 5 waveform boards
A27 connects power to the summer/metering board
A30 +-15 volt power supply

-12-
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AJI channel selector switches
AJ2 level adjust potentiometers
BJ1 miscellaneous front panel functions

5.2 Waveformer Board Description

The organization of the waveform generator boards used
in the SGEN79 generator is shown in Figure 5.2. (The reset
logic is not included.) Appendix B contains the diagrams
that describe the logic contained on these boards.

clock is divided using a four-digit BCD counter. The count
factor is settable in the range fro' 1 thru 9999. The
output of the BCD divider drives a divide-by-32.

i The divide-by-32 is implemented using a binary up/down
counter. The direction of count is determined by a logicSsignal originating off board. The five bits in the up/down
counter are used to address a ROM. This ROR contains 32 8-
bit samples of a sine wave. The counter also drives acomparator. When the count matches a preset value (set by a
header or dip switch), a pulse is generated. This pulse can

be used to drive off-board circuitry which counts carriercycles and generates the up/down count enabling signal.

The clock used to drive the divide-by-32 is also used
to drive a divide-by-8. The output of this counter is at
four times the output sinusoid's carrier frequency. This
feature was not used in the SGEN79 unit.

The RO i output is connected through a set of gates to
the 0/A converter. The gates are used to turn on and off
the output without affecting the timing counts.

The contents of the sinusoid generating RO are

tabulated below.

3 -13-



Addr Contents Addr Contents

00 01111111 20 10000001
01 01111101 21 10000011
02 01110101 22 10001011
03 01101010 23 10010110
04 01011010 24 10100110
05 01000111 25 10111001
06 00110001 26 11001111
07 00011001 27 11100111
10 00000000 30 00000000
11 11100111 31 00011001
12 11001111 32 00110001
13 10111001 33 01000111
14 10100110 34 01011010
15 10010110 35 01101010
16 10001011 36 01110101
17 10000011 37 01111101

The addresses are expressed as octal numbers and the
contents as binary values.

5.2.1 Board Configuration

The waveform generator boards are assembled together
into a stack. The stack is connected to the wire-wrap panel
using six 16 wire cables. The signal assignments of the six
boards are:

Bottom board

Signal channel 2, WHAMMO transmission. Modulation is
CM. Connects to position B01 of the wire-wrap panel.

Board 2 from bottom

Signal channel 3, sequence transmission. Modulation
is BM. Connects to position B02 of the wire-wrap
panel.

Board 3 from bottom

Signal channel 4, CW signal. Connects to B03 of the
wire-wrap panel.

Board 4 from bottom

Signal channel 5, CW signal. Connects to B04 of the
wire-wrap panel.

Next to top board

Signal channel 6. CW signal. Divide factor selected
out of a ROM using a front panel switch. Connects to
B05 of the wire-wrap panel.
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Top Board

Signal channel 1. PANOIC signal. Modulation is CM.
Connects to A01 of the wire-wrap panel.

5.2.2 Headers

The clock divide factor settings are determined by the
presence and absence of jumper wires mounted on headers.
The presence of a wire represents a logical 0 and the
absence represents a logical 1. The divide factors are
expressed as BCD numbers. The divide factor can range from
1 thru 9999. Two headers are used to set the divide factor.
Each header corresponds to two BCD digits of information.
In the examples below the divide factors read from bottom
(most significant digit) to top (least significant digit).

divide by 210 divide by 138 divide by 574

1 ---- 16 .1 ---- 16 .1 ---- 16
2 ---- 15 . 2 ---- 15 . 2 ---- 15
3 ---- 14 . 3----14 . 3 14
4 ---- 13 . 4 13 . 4 ---- 13
5 12 . 5 12 . 5 12
6 ---- 11 . 6 11 . 6 11
7 ---- 0 . 7 ---- 0 . 7 10
8 ---- 9 . 8 ---- 9 . 8---- 9

1 ---- 16 .1 16 .1.• 16
2 15 . 2 ---- 15 . 2 ---- 15
3----14 . 3 ---- 14 . 3 14
4 ---- 13 . 4 ---- 13 . 4----13
5 ---- 12 . 5 ---- 12 . 5 ---- 126 ---- 11 6 ---- 11 .6 ---- 11
7 ---- 10 . 7 ---- 10 . 7 ---- 0
8 ---- 9 . 8-.-- 9 . 8 ---- 9

The modulation angle is set using wire jumpers mounted
on a single dip header. The presence of a wire indicates a
logical 1 and the absence of a wire indicates a logical 0.

CM mod BM mod

1 16 . 1 16
2 15 . 2 15
3 14 . 3 14
4 13 . 4 13
5 12 . 5 12
6 ---- . 6 11
7 10 7---- 0
8 9 . 8 9
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5.3 Summer/Metering Board

The summer/metering board is built on a piece of perf
board which is mounted on the back of the SGEN79 front
panel. Time did not allow having a proper printed circuit
board made for this circuit. The board was mounted on the
back of the front panel in an attempt to minimize crosstalk
between the analog and digital parts of the generator. This
attempt was largely successful. Appendix C contains the
diagrams describing the circuits contained on this board.

The D/A converter outputs of the waveform boards are
connected to the level adjust pots located on the front
panel. The wipers on these pots feed unity gain buffer
amplifiers on the metering board. The buffers are used to
provide low impedance signals which isolate the pot settings
from loading by the summer amplifier and the metering
circuitry. These amplifiers were probably unnecessary.

The buffer amplifier outputs are summed together using
an inverting "amplifier" with a gain of 1/5. This value of
gain allowed the outputs of the 6 channels to be summed
without having to worry about the output amplifier clipping.
The output of the summer amplifier is buffered using a
complementary symmetric pair of transistors inside of the
feedback loop.

The buffer outputs are also connected to a rotary
switch that is used to select channels for metering. A gain
of 1/5 is used in the metering circuitry when one of the
individual channels is to be metered. This was done to
place the same gain on the individual channels as on the
summed waveform.

The waveform selected for metering drives a unity gain
amplifier when using the millivolt range and a gain of 1/10
amplifier when using the volt range. The meter amplifier
output is ac coupled into a full wave rectifier. The output
of the rectifier is low pass filtered with the resulting
output driving an Analog Devices digital panel meter. The
low pass filter was implemented using a Sellin-Key two-pole
low pass configuration with a nominal cut-off frequency of 2
Hz.

The National Semiconductor LM308A op amp was used
throughout this circuit because of its low offset voltage,
low bias current and excellent stability properties.

Connections to the summer/metering board are:

A2 power from wire-wrap panel position A27
A3 driver transistors, output signal, meter connections
El channel metering rotary selector switch
E2 channel metering rotary selector switch
E3 level adjust potentiometer wipers
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~Appendix A: Wire-Wrap Panel Diagrams
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Appendix B: Waveformer Board Diagrams

I/O Connector pin assignments:

1 DAC output
2 +15 volts input
3 -15 volts input
4 ground
5 ground
6 ground
7 ground
8 ground
9 1 MHz clock input
10 cycle end pulse output
11 clear- input
12 output enable+ input
13 4 times carrier clock output
14 ground
15 digit phase select input
16 +5 volts input
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Modified Waveformer Board

One waveformer board was modified by adding two 82S23
ROMs and two dip sockets for cable connections. The ground
was removed from pin 14 of the I/O socket. Pin 14 was then
jumpered to pin 10 of the two ROMs. Pin 14 was used to
select one of two control words programmed into the ROMs
that were to select the divide count.

The eight open collector outputs of each ROM were
wired to a dip socket. These sockets were positioned so
that a short jumper cable allowed ready connection between a
given socket and one of the two sockets provided for setting
the BCD divide digits. Pin assignments were chosen to allow
the ROM outputs to set the divide factor. The pin
assignments used on each ROM were:

1 cable pin 16 16 +5 volts
2 cable pin 15 15 ground
3 cable pin 14 14 ground
4 cable pin 13 13 ground
5 cable pin 12 12 ground
6 cable pin 11 11 ground
7 cable pin 10 10 ground
8 ground 9 cable pin 9

~-31-
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Appendix C: Summer/Metering Board Diagrams
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Appendix D: Cable Pin Assignments

Wire-wrap Panel Connector AJI

Pin Connection

1 Channel 1 toggle switch top lug
2 Channel 2 toggle switch top lug
3 Channel 3 toggle switch top lug
4 Channel 4 toggle switch top lug

5 Channel 5 toggle switch top lug
6 Channel 6 toggle switch top lug
7 No connection (contains MANUAL-)
8 Reset toggle switch top lug and external

reset BNC center
9 Reset toggle switch bottom lug

10 A - B selector toggle switch meter side lug
11 Clock selector rotary switch INT position
12 Clock selector rotary switch 5MHz position
13 Clock selector rotary switch 1 MHz position
14 Channel 1 toggle switch center lug
15 Channel 2 toggle switch center lug
16 Channel 3 toggle switch center lug
17 Channel 4 toggle switch center lug
18 Channel 5 toggle switch center lug
19 Channel 6 toggle switch center lug
20 No connection (contains ground)
21 Reset toggle switch center lug and reset BNC

grounding lug
22 Reset toggle switch center lug
23 A - B selector toggle switch center lug
24 Common terminal on clock selector rotary switch
25 Common terminal on clock selector rotary switch
26 Common terminal on clock selector rotary switch

Wire-wrap Panel Connector AJ2

Pin Connection

1 Channel 1 1level adjust pot, lug closest to panel
2 Channel 2 level adjust pot, lug closest to panel
3 Channel 3 level adjust pot, lug closest to panel
4 Channel 4 level adjust pot, lug closest to panel
5 Channel 5 level adjust pot, lug closest to panel
6 Channel 6 level adjust pot, lug closest to panel
7 free
8 free
9 free

10 free
11 free
12 free
13 free
14 Channel I level adjust pot, back lug (non wiper)
15 Channel 2 level adjust pot, back lug (non wiper)
16 Channel 3 level adjust pot, back lug (non wiper)
17 Channel 4 level adjust pot, back lug (non wiper)
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18 Channel 5 level adjust pot, back lug (non wiper)
19 Channel 6 level adjust pot, back lug (non wiper)
20 free
21 free
22 free
23 free
24 free
25 free
26 free

Wire-wrap Panel Connector BJI

Pin Connection

1 1 MHz clock output BNC center pin thru 100 ohms
2 100 KHz clock output BNC center pin thru 100 ohms
3 Vectron oscillator clock output pin 1
4 5 MHz clock input BNC center pin
5 1 MHz clock input BNC center pin
6 Anode of +15 LED
7 Cathode of -15 LED
8 Anode of +5 LED
9 Anode of ACTIVE LED

10 Anode of QUIET LED
11 Cathode of ACTIVE LED
12 Cathode of QUIET LED
13 free
14 1 MHz clock output BNC ground lug
15 100 KHz clock output BNC ground lug
16 Vectron oscillator pin 5
17 5 MHz clock input ground lug
18 1 MHz clock input ground lug
19 Cathode of +15 LED
20 Anode of -15 LED
21 Cathode of +5 LED
22 No connection (contains ground)
23 No connection (contains ground)
24 No connection (contains ground)
25 No connection (contains ground)
26 No connection (contains ground)

Adder/Meter Board Connector A2

Pin Position

1 free
2 +15 volts
3 -15 volts
4 ground
5 ground
6 ground
7 ground
8 ground
9 free

10 free
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11 free
12 free
13 free
14 free
15 free
16 +5 volts

Note: This is a ribbon cable that connects to the
wire-wrap panel at position p27.

Adder/Meter Board Connector A3

Pin Connection

•1 Emitter of 2N3904 (NPN)
2 Base of 2N3904
3 Collector of 2N3904 (also +15 volts)
4 Meter pin 1
5 Meter pin 2
6 Meter pin 3
7 Meter pin 4
8 Both signal output BNC connectors, center pin
9 Both signal output BNC connectors, ground lug

10 Meter pin E
11 free
12 Meter pin B
13 Meter pin C
14 Collector of 2N3906 (also -15 volts)
15 Base of 2N3906
16 Emitter of 2N3906 (PNP)

Adder/Meter Board Connector El

Pin Connection

1 No connection (contains ground)
2 No connection (contains ground)
3 No connection (contains ground)
4 No connection (contains ground)
5 No connection (contains ground)
6 No connection (contains ground)
7 No connection (contains ground)
8 Center of Volt/MV switch, pole 2
9 Pot side of Volt/MV switch, pole 2

10 Meter side of Volt/MV switch, pole 2
11 Center of Volt/MV switch, pole 1
12 Pot side of Volt/MV switch, pole 1
13 Meter side of Volt/MV switch, pole 1
14 Meter select rotary switch wiper, pole 1
15 Meter select rotary switch positions 1-6, pole 1
16 Meter select rotary switch position 0, pole 1

Adder/Meter Board Connector E2
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Pin Connection

1 No connection (contains ground)
2 No connection (contains ground)
3 No connection (contains ground)
4 No connection (contains ground)
5 No connection (contains ground)
6 No connection (contains ground)
7 No connection (contains ground)
8 Meter select rotary switch position 0, pole 2
9 free

10 Meter select rotary switch wiper, pole 2
11 Meter select rotary switch position 6, pole 2
12 Meter select rotary switch position 5, pole 2
13 Meter select rotary switch position 4, pole 2
14 Meter select rotary switch position 3, pole 2
15 Meter select rotary switch position 2, pole 2
16 Meter select rotary switch position 1, pole 2

Adder/Meter Board Connector E3

Pin Connection

1 Channel 1 level adjust pot, back lug (non wiper)
2 Channel 2 level adjust pot, back lug (non wiper)
3 Channel 3 level adjust pot, back lug (non wiper)
4 Channel 4 level adjust pot, back lug (non wiper)
5 Channel 5 level adjust pot, back lug (non wiper)
6 Channel 6 level adjust pot, back lug (non wiper)
7 No connection (contains ground)
8 No connection (contains ground)
9 free

10 free
11 Channel 6 level adjust pot, wiper
12 Channel 5 level adjust pot, wiper
13 Channel 4 level adjust pot, wiper
14 Channel 3 level adjust pot, wiper
15 Channel 2 level adjust pot, wiper
16 Channel 1 level adjust pot, wiper

Vectron Oscillator Connector

Pin Connection

1 Goes to BJI pin 3 on wire wrap panel
2 Connect to pin 3 on this connector thru 100 ohms
3 Connect to pin 2 and logic power ground
4 Connect to +5 logic supply
5 Goes to BJl pin 16 on wire wrap panel
6 20K frequency adjust pot, lug close to front panel
7 20K frequency adjust pot, wiper lug
8 20K frequency adjust pot, lug at back
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Appendix E: Data Sheets

This appendix contains the following data sheets:

Analog Devices AD2026 Digital Panel Meter

Analog Devices AD561 10 bit Monolithic D/A Converter

National Semiconductor LM308A Operational Amplifier

National Semiconductor 14741 Operational Amplifier

Vectron Laboratories C0211 Oven Stabilized Oscillator

ii
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IANALOG Low Cost 3 Digit
DEVICES Analog Panel Meter Replacement

FEATURES
Third Generation 12L LS1 Design
Small Size and Weight: 3.4"W x 2.0"H x 0.8"0; 1.8 Ounces
Snap-In Mounting. No Hardware Required
Low Power: +5V at 0.6 Watts
Balanced Differential Input
High Reliability:r >~250,000 Hour MTBF
Low Cost! S34 in 100s

S29 in 1000S

GENERAL DESCRIPTION Reliability is assured by a !'os component count (14). low
'Ihe AD2026 is specifically designed to provide a digital alter- internal heat rise (OaC). and extensive factory testing and
nati~e to analog panel meters. Most of the analog and digital quality control procedures. including 168 hours of failure free

circuitry is implemented on a single proprietary I2 1. L1 chip burn-itt. MI BF is 260,0C, hours at +-2 5C.
Only 13 additional electrical components are required. The PACKAGE AND iNTERCONNECT
complete DPM is mounted on a single 3" x 1 5/8" PCB. A The AD2026 uses a new case and lens which asstmble without
unique case design tparent applied for) utilizes molded-in fin- hardware. A series of fingers molded as part of the case capture
gers. both to capture &.e PCB in the case and to provide snap- the PCB and permit snap-i mounting of the DPM in the front
in mounting of the OPNM in a standard panel cutout. No mount- panel cutout. The lens has intentionally been left devoid of
inj hardware of any- kind is used. The DPNI occupies less than markings to permit the user to individualize the DPM with his

Iof space behind the panel, logo, measurement information, styling touches and other pro-
EXCELLENT PERFORM.NANCE prietary data.
The AD2026 is not a conventionall DPM stripped down to Connection to the AD2026 is made via Pins I through 5 and
achieve a low price. It offers the instrument designer digital A through E. Pins 6, 7. F and If are not normally used (we
accuracy, resolution Unil ease of readout. wvhile occupying less Pin Connection Table). A suitable connector is the T & R/Ansley
volume than its anaX. ! counterpart. Other features of analog 60i9-101M. or the Berg. ' 3.% or Spectra Strip equivalents. This
mete. s, such is rrliabthzty and instantaneous operation, are rc- type of connector allows fast crimp connection to ribbon
tamecd in the AD2026. Features usually not required in display- cable. The Berg 47745 conneetor or the Amp equivalent offers
ing measurementc resuks in instruments, such as full bipolar convenient crimping to inrividual insulated wires.
input. 100% os-errarge. rejection of normal mode signals, and DSGE N)BITFRQA.T N EIBLT
tru~e auto zero, have been eliminated to achieve a reliable. vet The AD2026 uses the pri~cn dual slope integrating AID eon-J

lownruf iosta dein
vervscon desig.nique. All arrag4 and digtalcirtry witls the ex-

The AI)2026 measu.res and displays inputs frons -99mV to ception of the integrating capacitor and the components assoc-
*999.-iV. v% ith an accuracy of U. 11t of reading t I digit. Zero iated ss ith decoding and or!% ing the LE) display are integrated
shift is less thin one bit ov-er the full operaring temperature on a single proprietary I2 L I.SI chip. As a restilt, the total DPM%
range, resulting in the same performance as a DPMt with auto consists of 14 e-lectricalI cc rponcnits and the nornially conflict-
zero. The balanced differential input rljccts coninron mode iny otijcctircs (if lows cost 1 nd high rclial'ilii, arc both achies-cil
voltages up to 2iiiiiV. eniough to cliniin ir niost ground loop Further. the marrufactrir ptuvcsi is decsigned fisr achieving
proem-is. the economies of high s--.%.shilu at the saitir timec, extcn-
Autornatic polariiy ind:4atrior is provided by using the third site testing. both in piii,:. and f,!los ing final assembly. asstures
digi t r, indicate negaiic inputs. A-utoimatic oserrange indies that the reliabtility potes-rna: *f thc produt t is achriesed in prac-
lion for inputs lereater thin -999m%' is displayti. a% FEE, and ti.
fir inputs greater thin -99m%'. as -

'PA lINT APPLIED FOR
t1i 5 .- 5 ioni.on~ b, Ai io, De, hlo,-,-,i i,, .~ ar-,t- Routos 1 1Idustrial Park: P 0. Box 280; Norwood, Miss. 02062
anrri.~ Horx.-. no ,rsnni,, d tinvi Analtil 0v-(- Tel: 617/3294700 TWX: 710/394.6577
tOr'riSs lO ich ny 1. f'- Ii ose, ~. P4 r O!sS ryhis ihby West coast klid-West Texas

inn or, othePre undir am~int ire or ini rlils oi A ipog ye 213/595-1783 31? 394.3300 2141231-1094
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SPECIFICATIONS typical at +25"C ast nominal supply voltage unless otherwise noted)
I);,Pl.P.i. OL tPU*I L2L W'hen (hc fhj!J inputa Ia L(,jgc "0 'grounded0 Ltiht m..ting l Joe. plan.i.r wn scncnt display read open circuit. 0, Al).1026 % ill vn' srt at 4 conversions ;t7

Its. I I m) high for thrn+ dit., digits second If a ti..€ ofO 6 ti 2 4 is applid co (his
* , l.di..:., iEil the DPM %sill st..p ton-rting ain hold th. last seadiir j
0 %rq.r:sr InJcat.An -X1 32kM resi,tur in wtrcs with this nput to .V will pro% ;t

r Indication t- he proper voltage Input.
0 U.z ,l.' Pnt trree (3) selectable at input connector

ANALOG INPLT DECIMIAL POIN'l

N: Cang..rzton. Limited bipilar. balanced dfferential u ildIininan decimal poms. ground appropriate 7Fi
.A. B 38

SFu:. Scale Range. -99mV to .999mV Potsf H ir'P
0 A 7..--7c Poil "ty C Lonserter. -5V t5 . 0.2 ustts t P; 033 watts mas
* I4..t - 1005MVf * Misplay .5V !40',. 0.45 iarts typ.OV$ warts eras
* B. C'srrent. lli sA

* O~ensotade Protection ~±1.'I)C, sustained CAI.IKRA'rION AIJ L'STMENIS
ACCL RA!.N 0 tin

* -, , dji' * zero
* Res.:;a:icn. ImV 0 Recomrendcd rcalibration mtem al: six months
* Tet e'.tcr Range' -ICro -60C operatinj; -25C SIZE

to -601 C storage 0 3.43"W a 2.0"11 x 0 85'D (87 x 52 x 22mm)
* Tetpeature Coefficient. Gain: $OppmI*C 0 0.88" (

2
2mm) overall depth to rear of connector

Zero: IO#AV/C (essentially * Panel cutout required 3.175 0 015" x 1,810 ±0.0150
auto zero) 80.65 ±0.3 x 45.

9 7 
±0.38mm)

* Wa.-V': Time rv Rated Accuracy: Instantaneous WEIGHT
* Sett'ng Tzme to Rated Accuracy: .3 s0cond fur full C.tfT

trnpu noita nin5 * 3.8 ounces (3 grams)

COtMON MODE REJECTION IlkQ source imbalance. IDC CONNECTOR

to IkHz) A It pm T & R/Ansley 609-1001M with two f'ee of Ic

* SOdil conductor ribbon cable is avlable. Order AC.618 at $3.00
each.CO.ON lODE VOLTAGE NOTE Conductor to pin A is color coded dark blue

t zoomV
"; ION ..E. - Sequence of ribbon connections is A, 1. S. 2. C. 3. etc

COVERSIO%'RATE
0 4 conversions per second PRICING

$49 (3-9), S34 (100s). $29 (1000-)0 Hold and read on command Substantial OE.M discounts avai;able
CONTROL IMPUTS

Diszl ; ha-,skuistlav Power Input, The display of the
AD2026 can be blanked by removal of power to the display ' Gua -dni s5t and nominl wpply-aWo• . i Gumrimeired
power input. with nc effecr on consersion circuitry. It ex- 'Wten the s-in pow, supply is -aiJ II pow., bth display soz
ternal logic switching is used. the display requires I 10mA convertr. -Sv. -5-. 0.61 wats .ylictl. 0.9 . m- it rnqui.ni
peak (85mA averrag) swhen I;uminated. Specifwations suh to chaur withut noume.

OUTLINE DIMENSIONS AND PIN CONNECTIONS

ODimensions shown in inches and (Ymm).

WIRING CONNECTIONS . ,

.~~ L......*: 'i_ , . ... . .. . .. .. i-.so t.."s: *i. W-0'; ' ;

- -... ..

'1-- -. 1 c* ,o t ri.,o *. p15 pt. a,, io *I,,,,t ,iO

.. N..... - -'

-43- 0 s. . -f 5,5 rolls
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ANALOG Low Cost 10-Bit
DEVICES Monolithic D/A Converter

•Men-

PRELIMINARY TECHNICAL DATA

FEATURS
Low Cost (S9.95 in 100's, AD561J)
Complete Current Output Converter
High Stabiiity Buried Zener Reference .A • 4 ,* -

Laser Trimmed to High Accuracy (1I4LSB Max Error .
AD561 K, T) asp 'r.' E IW-" [l~m ' -

Trimmed Output Application Resistors for to +10, 5

Volt Ranges
Fast Seetding - 250ns to 1/2LSB
Guaranteed Monotonicity Over Full Operating Temperature

Range
TTL/DTL and CMOS Compatible (Positive True Logic)
Single Chip Monolithic Construction
Hermetically-Sealed Ceramic DIP IAll Grades)

PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS
The ADS61 is in integrated circuit 10-bir digital-to-analog I. Advanced monolithic processing and laser trimming at the
converter combined with a high stability voltage reference wafer level have made the AD561 the most accurate 10-bit
fabricated on a single monolithic chip. Using 10 precision high- converter available while keeping costs consistent with large
speed current-steering switches, a control amplifier, voltage volume integrated circuit production. The AD561K and T
reference, and laser-trimmed thin-film SiCr resistor network, have 1/4LSB max relative accuracy and 1/2LSB max differ-
the device produces a fast, accurate analog output current. ential nonlinearity. The low T.C. R-2R ladder guarantees
Laser trimmed ourput application resistors are also included to that all AD561 units will be monotonic over the entire
facilitate accurate, stable current-to-voltage conversion; they operating temperature range.
are trimmed to 0. 1% accuracy, thus eliminating external trim- 2. Digital system interfacing is simplified by the use of a posi-
ners in many situations. tive true straight binary code. The digital input voltage

Several important technologies combine to make the AD561 threshold is a function of the positive supply level; connect-
the most accurate and most s:able 10-bit DAC available. The ing VCc to the digital logic supply automatically sets the
low temperature coefficient, high stability thin-film network threshold to the proper level for the logic family being used.
is trimmed at the w.fer level by a fine resolution laser system Logic sink current requirement is only 2pA.
to 0.01% typical linearity. This results in an accuracy specifica.
tion of ±1/4LS 8 max for the K and T versions, and [/2LSH 3. The high speed current steering switches are designed to

max for the J and S versions. settle in less than 250ns for the worst cawe digital code
transition. This allows construction of successiv-approxi-

The AD561 also incorporates a low noise, high stability subsur- mation A/D converters in the 3 to 5ps range.
face zener diode to produce a reference voltage with excellent
long term stability and temperature cycle characteristics which 4. The AD561 has an output voltage compliance range from
challenge the best discrete tener references. A temperature -2 to + 10 volts, thus allowing direct current-to-valtage

compensation circuit is laser-trimmed to allow custom correc- conversion with just an output resistor, omiting the op amp.

tion of the temperature coefficient of each device. This results The 40.NtS open collector output impedance results in negli-

in a typical full-scale temperature coefficient of ISppm/C; the gible errors due to output leakage currents.

T.C. is tested and guaranteed to 30ppm/*C max for the K and 5. Esery AD561 is subjected to long term stabilization bakes
T versions, 60ppm/*C max for the S, and 80ppm/

0 C for the J and temperature cycled ten times from -65*C to *150*C
All grades are packaged in a 16-pin hermetically-sealed ceramic prior to final test to insure reliability and long-term stability.

dual-in-line package. The AD561J and K versions are specified
for operation over the 0 to .700C temperature range, the
AD561S and T for operation over the full military temperature
range from -55*C to +125 C

Information furnishe.d by Ana'og Deviecs is believed to be accura-e Route 1 Industrial Park; P.O, Box 280; Norwood, Mass. 02062

and reliable. Howver. no respons bt!-y is assumed by Analog Devce. Tel: 617/3294700 TWX: 710/394-6577
for its use; nor for any infringiments of Patents or other rights Ol thrd s
parties vich may result from its use. No license is granted by 'mpWIcst Coast Mid-West Texas
tion or otherwise under any patent or patent rights of Analog Oevc,5 213/595.1783 312/894-3300 214/231-5094
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SPECIFICATIONS (TA +25 0C, Vc +5V. Vile -15V, unless otherwise specified)
AD56IJ ADS61K

MODEL MiIN TYP MAX MIN TYP MAX UNITS

RESOLUTION 10 Bits 10 Bit

ACCURACY (Error Rclatie ±1/4 !112 ±1/8 ±1/4 LS8
to Full Scale) (0025) (0.05k W 0.012) (0.025; % of F.S.

DIFFER4ENTIAL NONLINE ARITY !112 ±1/4 i2/2 153

DATA IPUITS
TTL. V'CC- S

Bit ON Logic "1" .2.0 v
B~t OFF Logic "0", +0.8 * V

CMIOS. IOV <VC < 161V
(Ste Figure 1)

Bit ON Logic "I" 701 Vcc *V
bit OFF Logic -0- 30% VCqL .V

Logic Current (Each Bit(T.Lj to TNIAX)
Bit ON Logic "1 +5 .100 R A

Bit OF~F Logic "0" -5 -25 PlA.......

OUTPUT
Current

Unlpolar 1.5 2.0 24 .MA

Bipolar ±0.75 ±1.0 ±1.2 K&vA
Resistance (Exclusive ofI

Application Resistors, 40M*
Unipolar Zero (All Bits OFF) 0.01 0.05SofF.

Capacitance 25 pF
Compliance Voltage -2 -3 -10 * C v

SETTLING TIME TO II2LSB
All BitsON-to-OFF or OFF-to-ON 250

PO'A!tR REQUIREN11NTS .- '*

4VCC. .45 VDC to + 16 5 VDC 8 t0
VEE. -10.8 to -16.SVDC 12 16 * mA

PO0WER SUPPLY GAINR SENSITIVIT'I
VCC -4.SVDC to+ 16.5 VDC 2 10 * ppanof F.S.J%

_VERF l0.BVDC to 46.SVDC 4 25 ,ppmrtof F.S./%

TEMPERATURE RANGE
Operating 0 to 70 o*
Storage -65 to -150 * C

-TEMPERATURE COEFFICIENTS-
With internal Reference

Unipolar Zero 1 10 1 5 pp, of .SJOC
Bipolar Zero 2 20 2 10 .ppm of P.SJ.fC
Full Scale Is so is 30 ppm of PS/PC
Differential Nonlinearity 2.5 -2.3 ppm of .S.1C

MONOTONICITY ~ Guacanteedver full Guaranteed over full
. operating temp. range I operating temp. range . -

PORAMBLE 65O-PUT -- o o .1-0 v --.

RANGES (See Figs. 5.6) -5 to +5

CIBRiiATION ACCURACY
Full Scale Error with Fixed 2Sfl

Resistor ±0.1 .% of P.S.
Bipolar Zero Error with Fixed 10IofolFS

Resistor ±0. I o PS

CALIBRATION ADJUSTMENT
RANGE
Full Scale (With Sonl Trimmer) ±015 % of P.S.
Bipolar Zero (With 20nl Trimmer) ±0.2 % %of F.S

-Speifications sow as AD561J specs.
Specifiemrioat subject to chang* -ithoitt notice.
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ADS61S AD561T
MODEL MIN TYP MAX MIN TYP MAX UNITS

KisOLLrION 10 Bits . 10 Bits
ACCURACY (Error Relative ±1/4 -- /2 .-. l/s ±1/4 LSB

to Fu:l Scale) . (0.025) (005) - (0.012) (O.OZ5) %ofF.S.

DII-FERENTIAL NONLINEARITY ±112 1114 ±1/2 LSB

DATA INPUTS
TTL, %CC - -3V

B: ON Logic "" +2.0 V
Bit OFF Logic -0" -0 8 " V

CMOs, IOV < VCC 4 16.5V
(Se. Figure 1) V

B t ON Logic "I - 70% VCC V
Bi: OFF Logic -0- 30'b VCC V

Logic Current (Each Bit) (TMINI to TMAX)
Bir ON Logic "1" .20 -100 nA
BitOFF Logic"O -25 -100 . pA

OL'TPUT .Cu.v:nt J

Uripolar 1.5 2.0 24 mA
Bipolar ±0.75 ±1.0 tl 2 mA

Resistance (Exclusive of M

Application Resistors) 40M I
Unipolar Zero (All Bit OFF) 0.01 0oS % of F.S.
Capacitance 25 pF
ComplianceVolt.ge -2 -3 10 V

SETTLING TIME TO I/ZLSB
AU Bits ON-to-OFF or OFF-to-ON 250 Va

VCc. -4.SVDC to -16.VDC to mA
VE,-10.8 to -16.$VDC 12 16" * mA

POWER SUPPLY GAIN SENSITIVITY
r VCC. -4.5VDC to +16.$VDC 2 10 ppmn of F.S./%

--... E-IO_.VI:C to -16.SVDC 4 25 1_- "" " rn of F.S.1%

TE.MPERATURE RANGE
Operating -55 to 125 *c
Storage -65 to *150 "" ""

TEMPERATURE COEFFICIENTS

With Internal Reference
Unipolar Zero i In 1 S ppm of.SJC
Bipolar Zero 2 20 2 10 ppm of F.S. C
Full Scale Is 60 is 30 ppm of F.S.1C
Differential Nonlinearity 2.5 2.5 ppm of F.S./*C

MOOTONICITY Guaranteed over full Guaranteed over full
operating temp. range - operating temp. range

RANGES (See Figs. 5, 6) -5 to +5 V
CALI- B"R-ATION A"gC C UR A CY .... ---- t-

Full Scale Error with Fixed 7Sfl
Resistor t0. I % of F.S.

Bipolar Zero Error with Fixed 10fl
Resistor 0.1 % of F.S.

CALIBRATION ADJUSTMENT
RANGE
Full Sc€A (With Sofl Trimmer) ±0.5 % f F.S.
Bipolar Zero (With 20n rrimmer) 10.2

"Specificstions sam as AD$61S specs.
Specificaions subject to chane without notice.
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DIGITAL LOGIC INTERFACE THE ADS61 OFFERS TRL E 10-11T RESOLUTION OVER
All standard positise supply logic familics interface easily with FULL TEMPFRAI IRE RANGE
the AD561. The digital code is positive true binary (all bits ACRC;Ad )s~sdfnsacrc stenx
high. logic I '.gioes positive full scale output). The logis -mu desU ACCUACY A. ; Drui : defines Dactura see age )

load factor (l1tinA max at logic "I", -2SujA max at logic 0. from the idea! aniI al, u j straight line drawn from 0 o
3pF capaicitance), is less than one equivalent digital 1uad fo~r all ..- IH u a. ~ o~iain.TeASIa ae
logic famd~es. Including unbuffered CMOS. The digital thresh- trimmed it, 1/4l.S?, v.o25 -E.S.) maximunm error at +25*C
old is set irternalls as d function of the positive supplya fur the K and I sers.orns - 1 21 Sit for the)j and S.
shown in F:jure I For most applications, connecting %'.(: to

theposras kgc sppl ss~l et he hrehol attheproer MONOTONICITY: A DAC is said tol be monotonic if the out-
level ivr msx~rmum noise inimunits. For nonStandard applica. put either increvases i.~ rcema ., constant for incriasingol digital
tions. ref,:- to Figurc I for threshold levels. Uncommitted b, inutosch that the -...:put -_ It alssays be a single-valued func-

I'input ;mrs %%;It asssrn A *'I' state (similar to T1 1.), but the.., tion of the input. AY -;ersior,.,t the A0)561 are monotonic
are hgih irr'pedAnce a.nd subject to noise pickup. Unused iligitai over their full luprra:.nrj ternprature ringe.

inputs shoui~l be connected directly ti ground or Vc.as IDIFFERENTIAL NONLINEARITY: Munotonic behavior
desired, requires that the dit zren:iz! nonlinearity error be less than

ILS8 both at +25'C and ose- the temperature range of inter-
est. Differential noi-,!ncarits- :s the measure of the variation in

14 ~analog value. normalzeJ to !-.I( scale, associated with a I LSII
ehange in digital inpL.: code. For example, for a 10 volt full

> 12 scale output. a chanic of I LSB in digital input code should

10 MAX INPUT VA, result in a 9.8mV change in t e analog output (I LSB = OV x
SPL 1/1024 = 9.8mV). if -I ac-.us. use. ho%*esecr. a 11.S8 change in

.1 .i% the input code results in a chinge of only Z.4SmV (II4LSB) in
'JIN l*aao upt h ieer! nonlinearity error would be

'4.5v 7.35m', or 3/41.SB TIhe ADS61 K and T haviea max differen-
NOMINAL

THRESHOLD' tial linearity error f 1.'2LSB

________________________________________The differential non!.lcir temperrature coefficient must also

2 GU A be considered if the des ice is to remain monostonic over its full
'LOGIC "0" 1 operating temperatu% rangr A differential nonlinearity temper-

are coefficient of 2.5Sppm 'C could under worst ease eondi-
5 10 12 1s 16.5 tions foria temperature chanac of .25*C to .125*C add

POSITVE SPPLYVOLTGE, VC - all0.02O5% (100 x 2.5pprn<"C oi error). The resulting error eould
Figure 1. Digitil Threshold Vs. Positive Supply then be as much as 0i (25,. - 0.025% = 0.05% of F.S.(II2LSB

represents 0.05%~ of F S.). To be sure of accurate performance
.c all versions of the AD561 are therefore 100% tested to be

*-. t monotonic ovcr the full opetacting temperature range.

o o:~

-,n L-4I

Dimensions shown in inches and (mm).

Figure 2. Fsu,.. igu~ 3. Ch 2 Bonding Diagram

ADS61 ORDEFRING GUIDE
A(cLISA(Y GAIN I C Iloilo

5%IOt5L TVNIP KANGF .2t 40t P.S.1 C) 1-24 25--. Iiio -9

A056iJ Of.,, - * v iI %-isie , Slowr 1' 5. -il 111it 5 -'5
A561K uI n.7u'c !. s ip. 'us 2z Sil# .. 15 IN.
AI)56:5 555 *ilS. !'25S4 i 60s hppn, S27 6P' 2! SIto (o
A",6 84 314,I~i -55 n. .1 25*(. :I'H,,,, Mtor e' so' S.' 1~24 00l
A0561i f -5 1., -125'( ?i 1sh 11ipjieo Os 541 5.. 1 i. iii
MS A I TIRIIJI .55 1., .125't '. RHe, Ii'rp n s $'.-' $55 - 5

'Ill A05611 'i-111 -3 .i 5 I 'No 11~i . 11 , p,--. . 111SII iD ki% 551.i.1.4"'I.> ,
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CONNECTING THE ADS61 FOR SUFFERED VOLTAGE PIN CONFIGURA-T ION
OUTPUT lop VIE%
The standard currenit-to-voltage conversiont connections uwing

ar operational amplifier are shown here wi:h the preferredM
trriming techniques. If a low offset operAtional amplifier ' ASS
(..D51O. AD741t.. AD3OIAL) is used. excellent performanh~r E $To.

can be obtained in many situations withut tr~mming. (A SmV IF-

up amp offset is Cquissaient to 1/21.Si on a 10 %olt scale). If a w. C3r

23R~ fixed resitor is substituted for the 50n~ trimmer, uniptlar B-sv3rit WT SI?

icro w ill typically be %kithin II/ IOLSS (plus up amp offset). a. r 9 S Ia

an" full scae acuracy will be within 1 ILSB. Substituting a D.CIG-

1I In resistor fur the 20fl bipolar offset trimmer swill gise a Au' * a OUTS

b~poiar zero error t. pically within ±I LSB Cv S'i4 I

The AD3U9 is recommended for buffered s...itag-output C.G
applications ssi.ch require a settling time to ',2LSI4 of one
microsecond. The feedback capacitor is shuwn with the opitO Figure 4.
mum value for each application; this capac itor is required to
compensate tor the 23picofarad DAC output capacitance.

FIGURE 5. L'NIPOLAR CONFIGURATION
This configuration ss ill provide a unipolar 0 to +.10 volt output a s

range.

STEP!I .. . ZERO ADJUST
Turn all bits OFF and adjust op amp trimmer. RI, until the AS .1

output reads 0.000 voka 0ILSB = 9.76mV.........
STEP It. ... GAIN ADJUST 8
Turn all bits ON and adjust 50fl gain trimmer. R2 . until the V
output is 9.990 volts. (Full scale is adjusted to ILSB less than
nominal full scale of 10.000 volts.) If a 10.23V full scale is Figure 5. 0 to +1V Unipolar Voltage Output
deaired (exactly' Z0mV/bir), insert a 12Mr resistor in series
with R2.

FIGURE 6. BIPOLAR CONFIGURATION
ihis configuration %sill provide a bipolar output voltage from
-5.000 to .4.990 %oits. with positive full scale occurring with W

all bits ON (all IsD.

STEP I. ZERO ADJUST
Turn ON MSB only, turn OFF all other bits Adjust 20SI trim.
mer Rj. to give 0 000 output volts. w

STEP IfI... GAIN ADJUST
Turn OFF all bits, adjust 5012 gain trimmer to give a reading
of -5.0W0 volts.

Please note that it is not necessary to trim the op amp to ob- Figure 6. 15 V Buffered Bipolar Voltage Output

rain full accurAcy at room temperature. In most bipolar situa-
tions, the op anmp trimmer is unnecessary unless the untrimmed
offset drif. of the op amnp is excessive.

FIGURE 7. 1:10 VOLT BUFFERED BIPOLAR OUTPUT
The AD561 car, also be connected for a ±10 volt bipolar rang.-42h 2

ssith an additional external resistor as shossn in Figure 7 A 100,.
larger value trimmer is required to conipcnsite for tolerance in
the thin film resistors (ichich are trimmed to miatch the full-
scale current) F-or best full scale te~mper3ture coefficient per
formance. the external resistors should hare AI C. iif-50ppm/, C s, c,2+ 0to

f'or app icA t i, In req uiring op timinumT pe rform an ce. a I 10 viil t .4

bionding opnitrn is available on special order 11

Figure?. 10IV Buffered Voltage Output
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CIRCUIT DESCRIPTION QI. which has a relative emitter rcaofS8A. This is accom-
A simplified schematic with the cssincta. f.. eatures of the plished biy forcing the bottomn Cf t'. ladder to thc prorervolrage.
ADS61 is shuiso in Figu.re S. rhe %t::icer'rrr CK 1, is a Since Q, and QZ have equal er..rrirrarcas and have equal 5Lfl
buried zener (or subsurface brcakdo%% r. r -. - I his de icc cx- emitter resistors, 02 also carries irsA The ladder voltage drop
hihits far better all-around performnsace .- z7th.e NPN base- constrains Q7 (with area 4A) t, carry only O.SmA; (Q, carries
emitter reverse-breakdown diode (surfact e err. is Ihich is in O.25mA, etc.
nearly universal use in integrated circuit, : s a sultage re-ference.
GreAtly improved long term stabilit% an-1 1c- cr noise are the The first four sign ificant bit cc': are scaled exactly in emitter

majo beefit th buied ene deives'.-innAiliingthe area to miatch Q, for optimum %"bE and VISI. drift march, as
mrao n beneit he m urd e dtriesf ind 77. oxidethae well as for beta niatch. These c-fccts are insignificant for the

beakdow.Thnoinl 7rom vourface esind 'ir temp~ercatre lower order bits, Wshich accoun: :-r a total of only 1/16 of full
effets.Thenomial .5 oltdevie (nc~i- atemeraure scale. tlossever, the 18mV V13 .fferencc between two

conapensaticots circuitry) is driven b% a c,.;,n: source to the nithdtanitr aryn t:e urnsi ai f2
negaisesuppy s tha th postiv sup.. e alowe to must be corrected. This is don- , fuorcing 12OjpA through the

go as low as 4.5 volts The temperature t:fic: of each IO~itraerssos hs iitr n h -Rlde

drimda ic d ,-n tind irvuitdualan e thi o, a! i.n usdto zser resistors are actively laser-trim.-e at the wafer level to bring

Ttri al osesating TCii to balance r.t C.r! C o e total device accuracy to better :ha n !.LSS. Sufficient ratio
Thet~-~ca reiltng .C.is 5 t ±lppr C.accuracv in the list two bits is s,-'taincd by simple emitter area

The ere.ainie reference level is inverted .- s~~r by A I to give ratio such that it is unnecessars -) use additional area for
a +2.5 %-ot, referen~ce (which can be draar. n the 1,ow positive ladder resistors. The current in Q16 is added to the ladder to
supply). The AD561. packaged in the 1..sDIP, has the -2.5 balance it properly but is not s, itched to the output; thus full
volt referenc.- (REF OL'T) connected dir-z-rs to the input of scale is 1023/1024 x. 2mA.
the control amplifier (REF IN). The huffe7cd reference is not The switching cell Of Q3, Q4, Q; and (16 seresa to steer the
directly- as.a.iLble etternally except throqhI th'e 2.5M~ bipolar celurntihrtogud(E 1lo)r oheDCopt
offset resistor; it car. still be used as a vosereference as cl urn ihrt rud(! o)o oteDCotu

shown below its Figure 9. (BIT I high). The entire switch.-& cell carries the same eurrent
whether the bit is on or off, thus mintimizing thermal transients

The 2.5kP scaling resistor and control arphf;er A2 then force and ground current errors. The qic threshold, which isgener-
a I mA referen~ce cur-e-i toa flow through -ef erence transistor aced from the poasitivie supply (i-re Digital Logic Interface) is

applied to one side of each cell.

I. -

Figure 8. Circuit Diagram Showing Reference, Control Amplifier, Switching Cell, R-2R Ladder, a-d Bit Arrangement ofAD561

PRECISION LOW-NOISE REFERENCE
The precision reference of the AD561 ca.t be brought out .separately from the DAC to serv-e as a mister system referece.
Since the reference is connected through the 2.5k.(2 bipolar-
offset resistor, it must be buffered cx'tr2!-v, as shown here
in Figure 9. The DAC section can still be o;erated indepen- +

dlently in a unipolar mode, but internal --ermai and ground-I
loop effects will create crosstalk of abou: W.1%sith sn ideal-

ground. The long term stability of this rr,.e'ence will be espec Ce
ially good. typically ±0.01% per year or htuer. If the filter .' . . . . . . . 4 o"

capacitor. C is not used, widehand outp.: noise Wyill be about
12Oppm p-p (1.2mV p-p for 10 volts). V C :s 4.7,.iF, wideband
noise will tie about 25puV p-p (10 %ults c~ and I 5jAV p-p fron,
0.1 to 10Hz. Figure 9. Precision Uir-j Loiv Noise Reference

-49-



•.- * ..

SETTLING TIME OUTPUT VOLTAGE COMPLIANCE
The high speed NPN current steering swirchini e l and inter- The %D561 has a typical output cur: .e rargc from -3 to
nalk compensated reference amplifier of the AD 61 are speci- .10 volts. The output current is unaf-:. Ad 4y changes in the
ficai!,y designed for fast settling operation The s% pecal settling output terminal sltagc over that rai- I h-is results from the
time to -.0.05% (VALSH) for the worst case trar:tion (major use of open collector output switrchi:. .cs in a cascode con-
carry. 011111111 I to 1000000000) is less than 2Ons, the figuration, and gives an output impe. o of 4v.\lf. Positive
lmoer order bits all settle in less than 200ns. (,',rst case settling .ompliance range is limited only bi c .Z:u.r breakdown (and
ocurs shcn all bits are switched, especially the MSB.) But full is independent of positive supply ICl . b: the negative range
realization of this high speed performance requtes strict atten. is limited by the required bias levels a2 -a:stor ladder voltage.
tion to detail by the user in all areas of applica-ion and testing Negative compliance varies with nega: .s upply, as shown in

The settling time for the AD561 is specified in :crms of the Figure 10 The compliance range is gi.:-- 2teed to be -2 to +10
current output, an inherently high speed DAC operazing mode. volts with VEF = -15 volts.

Ho:arser, most DAC applications require a current-to-voltage
conversion at some point in the signal path, although an un- 2 -4-1 lOUT - 0
buffered voitage lesel (not using an op amp) is suitable for use -
in a successive-2pproximition A/D converter (see pagec 8), or -3
in ma v d spiay applications. This form of conversion can give I

very- fast operation if proper design and layout is done, The i >2 tou- -2 A

fastest voltage conversion is achieved by connecting a low value -
resistor directly to the output, is shown in Fig-ire 12. In this
case, the settling time is primarily determined by the cell -- ".

switching time and by the RC time constant of the AD561 out- NEGATIVE SUPPLY. 1EE -VOM

S1 put capacitance of 25' picofarads (plus stray ca?zcitance) com-
hined with the output resistor value. Settling to 0.05% of full Figure 10 Typical Negative Compa -e Range Vs. Negative
scale If 3r a full scale transition) requires 7.6 time constants. Supply.

-4 ,! This cifect is importaunt for R > IMk"
Tsf iionf R kDIRECT UNBUFFERED VOLTAGE OUTPUT
If an op amp must be used to provide a low impedance output The wide compliance range allows d;7t current-to-voltage con-
signal. some loss in settling time will be seen due to op amp version with just an output resistor. F .a.re 1 shows a conner-
dynamics. The normal current-to-voltage conserter op amp cir-
cuits are shown in the applications circuits on page 5 using the tion using the gain and bipolar output resistors to give a ±1.66
fTsvolt bipoiar swing. In this situation, e- digital code is comple-" fast settling .,D509. The circuits shown settle to -±!iLSB in

mentary binary. Other combinations :. internal and external
600ns unipolar and lI.ps bipolar. The DAC output capacitance output resistors (Rx) can be used to s.a! to alternate voltage
which acts as a stray capacitance at the op amp inverting input,
must be compensated by a feedback capacitor as shown. The ranges, simply by appropriately scali-i the 0 to -2mA unipolar
vs alue odecse cr f feac apitio n.de output current and using the 2.5 volt ftference voltage forvalue should be chosen carefully for each application and each bipolar offset. For example, setting R. = 2.Sknl gives a +1

p a volt range with a lkf1 equivalent ourut impedance. A 0 to

Fastest operation will be obtained by minimizing lead lengths, + 10 volt output can be obtained by c.nnecting the Skf" gain
stray capacitance and impedance levels. Both supplies should resistor to 9.99 volts; again the digita' code is complementary

be bypassed near the devices; O.lpF will be sufficient since the binary.
ADS61 runs at constant supply current regardless of input code.

P01% ER SUPPLY SELECTION
The AD36I will operate over a wide range of power supply

-- voltages, with a total supply from 15.3 to 33 volts Symmet.
rical supplies are not required, and in many applications not
recommended. Maximum allowable supplies are ±16.5V.

The positive supply level determines the digital threshold level. __
as explained on page 4 and shown in Figure 1. It is therefore A05611 VOUT
recommended that VCC be connected directly to the digital 10

supply for best threshold match. 13 . . . . . . . .

Positive output voltage compliance range is unaffected by the Ls I
p.Nive supply level because of the open collector output LS

stage desig,. :hus the full #10 volt complian,r is available even
with a +5 volt VCC level. Power supply rejest.i. is excellent, Figure I1 Unbuffered Bipc .- Voltage Output
so that digital supply noise will not be reflected ti the output
but use of aO. IpF bypass capacitor near the %D561 is re oin-
mended for decoupling.

The nominal negative supply level is -15 volts. ,%th an allos
able range of -10.8 to -16.5 volts. The n.gati-- supply level
affects the negative compliance range, as sho. r in Figure 10
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HIGH PEED10-BI ADCONVETERSi.*ul stae happly ing -4.995 silts anti trimming (fo

The fast settling character-iLS of the AI)56 I make it iderl for the ISS ,, ' (.1 OthLsr bits "U") in mhint application%.
high speed successive approxirnit, -n A!0I consertcrs. 11 tictrter- the prerr i: 7ed applisirin resistoirs are suffikiently accurare
nal reference and trimmed applicarion rcsistors allow A 10rbit that cxtcr. it I rimcrs %% ill tic unnvecssary, especially int situa-
converter system to be coinstructed with a minimum parts coiunt tions reqipir. ; Ics'. than full 10 bit P/A.S11 accuracy.
shoun here is aconfiguraion using standard esimpurrnrs. rhri% Fo fast- . ,.ttin'hi inika ttecmprtrsm
sy stem completes a full 10-bit cfntresion in 5.5lis unipoir tit .th iiies cric at ihte om rto sum

'Ija biolr s ominr~rcr " ill t,e ,curari: to ± 1IZLS1i , 1bitsand avea tyica gan~ ~ f ,O~.settling rii fio%%vsscs CC. loss ering the imii peairce will reduce the
*Upm..volrtage s~nal tv the comparato-r (at an equivalent imipedance

In the untpfiar mode. thc system range 1is0 to 9.99 volts. With of 112 I Ll; = 2m's' to the point that comparator perfor-
each bit hang a1 % dc f 6n\ or true conversioin :it-Lu manic i I be s ir ficed A I I!) resistor is the optimrumn salte
racy, an A 'L converter k' -'u.ld be rr.mn-.td so that a giveni bit for this z:c'lic stin for lU-!&it accuracy. I ie thirt shioswn in the
code ourp it rciults fn r- -p_-t lcsi~cs front 1121.SH1 belie tm 1 (fgure gi. -s ree speed of the AI)X; for i1/21.S11accuracy (and
112LSB ab.ve the c-, . %tgesh.ch that code represent,. n,, nmissr:.z - 'rit fir 6. 8 and IQ bit resolution. c

Therefore. the orcz-'e p,-;nc should be trimmed isirli ant A niuil . r -- ,cerier can be constructed by using higher
inpuz vo!:: of -4 i-\:~r= V until the LSII just begins i) rou'.ce'tr~lcmoens ahidvda ngose
appear i r th output code eza! o'ber bits '"*). For full swalc, hit scttler i-. 'ess than 25ons, the lose-order bits less than 20ins.
use an a'rpst saacof -9.9Y35 sults (lflvolts - 1I [SH 1121 SKt), Bcuet!t-. sae 1c ihsed pfrlurbt
then trim R,, again urn! the LSR just begins to appear (alls~t-.. tgde hihsed pfrlwrbt

othe bi~ "I.will imptes the spr-ed. Also, a faster comrparator and Schottky
other bi~sTrL or ECI. ogic ssould be necessary. 10-bit converters in the

The bipo.ar signal rare ;s -5.0 ito +4.99 voles. Bipolar offset 3 to 5jas ra: je could be built around the AD561 with these
trimming is done by applymjt a -4.9mV input signal and trim- technique,
ming R, for teLSS transition (MSB "., all other bits '0").

.. . .' ." ' ' . .' . .

Figure 12. Fast Prectision Analog mo Digiral Converter
DIGITAL 4 TO 20mtA OR I TO 5 VOLT CONVERTER DIGITALLY PROGRAMMABLE SEiTPOINT COMPARATOR
A direct digital 4 to 20-nA or I to 5 volt line driver can be Figure 14 demonstrates a high accuracy systems -orientedl set-
built with the AD561 as shawn in Figure 13. The 2.5 volt point cv-mparator. The 2.5 volt reference is buffered and ampli-
reference it divided to provide I volt at the op amp non- fied b~ '%ie AI)741K to produce an exact 10.000 solt referrence
inverting input - thus a zero input code results in a 1 volt out- swhich o ald be used us a primary system reference for several
put at the Darlington eM:tter (VOUT). The 2k feedback resis such circuits The .10 solt compliance of the AD561 then
tance converts the rtn -ttial 2mA (±20%) full scale output from allows izt to generate a zero to -+10 volt output swing through
the AD561 to 4 volts, for a total output of 5 volts F.S. The the SMt application resistor swithout an additional op amp. The
voltage at the emitter forc,!s a proportional current through digital c, de far this system wvill be complementary binary (all
the 250n2 (which appears at the collector as IO0T) Thi' ie'-0 ot u)

AD561 :urent is added to the 4-2OmA line; thus 5 volts full - -

scale g~ves 22mA in the current loop. For exactly 2OmA. trim
the 1k pot for 4.5Vs F.S. (A single up amp circuit will not pro.- ,,~ ,

dluce both I to 5s volt anJ 4 to 20mA outputs simuitaneously.) t-'-~

---------

.4,_4

Figure 13. Digital 4 to 20mA or I to 5 Volt Line DrivCer Figur- I. Digitally Programable Set Point Cormparator



L Operational Amplifiers
LM1O8A/LM2O8A/LM 308A operational amplifier

co general description
C14 The LPM11OA. LM208A and LPA308A are precis~on aOffset current less than 400 pA over tempera-

S operat.onal amplifiers having Specifications aboit ture
.J a factor of ten better than FEl amilifiers oieupr urn f n~3~~A vne

their operating temperature range. In add,sors to 0 uppy uretofoly30.,eeni

C* low input currents. these devices ha-ve *eremely urcted dit

low offset voltage. making it possible to EGuarnteede SjJV*C dit
offset adjustments, in most cases. and ob~aon
performance approaching chopper stabsbzed

amplfiWLThe low current error of the LM 18A swien makes
possible many designs that are not practical with

The devices operate with supply voltages from consventional amnplifiers. In fact. it operates from
12V to t20V and have sufficient spply rejecton 10 Mfl source resistances, introducing tesa error
to use unregulated supolie. Although the cercui: is than devices like the 709 with 10 tcfl sources. Int.
interchangeable with and uses the same, tonperisa grators with drifts lass than 600 MV/sec and analog
tiefn as the 0,4101A. an alternate comipensation time delays in excess of one hour can be made
schemne can be used tu make it particularly inbensi- using capacitors no larger than 1 jeF.
tre to pow~er supply noise and to make supply
bypass Capacitors unnecessary. Outstanding c'sar- The LM209A is identical to the L1.1108A. except
acteristics includeo: that the LM208A hat its performance guaranteed

Offst vltae guraneedlesstha 0. mVover a .-2VC to 85C temperature range. instead
0 Ofsetvolageguaanted lss han0.5rnVof -SVC to 1250C. The LM3O8A has slightly.

IN Maxirum input bias current of 3.0 nA over relaxed specifications and has its performance
tefferatere guaranteed over a 0'C to 701C temnperature range.

connection diagrams'
View Can Pt h

aw St be

-C-

seee Pok" I -e ohm

Nweb. LI5OSA erOrder Nmber LIoAN
UA2OSAN~~~a erAIA t.6aML2S e.L 3SePe.e 0A

SeePehae S -52- i~e

schemati diagra



LM1O8A/LM2O8A compensation circuits
absolute maximum ratings S~dd ~ C...

SupplyvVoltage tOV r.,. -

Power Disip~ation (tot if ) 00 M%
Differential input Current (Note 2) ± 10 nA H
l..?: Voltag-v (Note 3) ±1WV 0
OU'Pvt Short-C'rcuit Duration Indefinite Als.,nto Fr-q.so.y C-.P-1.:.n 00
Op.erating Temperature Range LPMI10A .S5'c to 1"5,C 10

L16120A -25*C to 851C ,.,,~*., *

Sto't;e Tempeature Range -65,C to 150c LI..l ~ -'

-Lead Te-lzerature (Scldirimg. 10 see? 30fC

electrical characteristics (.ote4? 0

PARA-METER CONDITIONS MIN TYP M6AX UNITS >

Iz:C!S*! Voltage T, - 2VC 0 3 0.5 mV

I-,ou* otfse. Current Ta 25% 0.05 0.2 nA

Inpu.t las C, rrqnt T, 2 5% 0.8 2.0 isA

l' P.. tso~sarce TA "25%C 30 70 1a

cuo n urent T^ - 25'C 0 3 0.6 mA

La.-e S Snat Voltage Gain TA 25C. Vs on 15V
VOU !OV. RL > 10 kS! 80 300 V/rnV

Inu:. 0fsat Voltage 1.0 mV

Avv3;e Te-ioerature Mn

Coeflcr.t of Input
0!het Voltage 1.0 S.0 Yvi c

Input Off-At Current 0.4lg

Avrag Tenoete
Coef'ic-ieror of Inptt
Cf'se- C -ent 0.5 2.S oAI*C

Input gina Cijrtrt 3.0 isA

supply Cuoe-nt TA - +125'C 0.15 0.4 mA

Large, Sgnral Voltage Gain V5 - 115V. V01UT - t0V
A, > 10 kit 40 V/mnV

Output Voltage Seeing Vs - 15V. RL in10 kQ --13 114 V

Input Voltage Range Vs, ±15V !135 V

Common M~ods, Rejection 96 110 41
Ratio

Supply Voltage Rejection 96 110 d3
Ratio

Note 1: The maoimum juntin temperature of the L0.11t09A is ISOC. while that of the LN1208A is
IOOC. For operating at aenglted temperatures. devewcs inIs th T9,5 packag. must be deraterf based on
s th~ermral resistance of 150 CMV. ltinct,iji. to as-per.ot a,5 Cw. junction, to ease For the flat
*actago. she doratong~libased on atiternsIrtsstnceet 188 CVt ^%qr moontedon is 1116.wchthick
*Paoi, S!Ass board withs tens. 0O3-imch-w-do. 2.eumce copos cont..iors Tho. thermal1 res-tsosCgOf I%#
dual-iS brie angg isOI WCOW. I.nct-on to a-ent
Note 2; The inpu~ts are shunted w-ths beck to-bst% diode% foo s.e-vo-tag- lotscpon Therefore.
exceltule current wiltl Itoe. .1 a d-fferent~at input voltage is Onc,, of tv s gal'ed be tote. the .. Puti
w5lfss Some limiting resistance -s .sed
Note 3: Par su.ppty voltages less then 215V. 1%9 absolute man -.-. .. p.t voltage *s oavI t0 the

Note 4 Thesa specificatios apply f01 !SV < VS < !20V and *8S'C <TA, < 12S'C. unless other-
Wni: specified. W~th the LP2OaA. ttownuf'. al enore' soc.cto.sn aWe Isestf to V

-2S C <TA < BVC. l
2-149

-53-



S LM308A
S absolute maximum rat ings

I. supply Voltage 21ISV
4C Pow~er 0.uspaiian I*4ote 11 500 MIN

0o Difflerential Inut Currmnt (Note 21 210 mA
0 Input Voltage tNote 31 116V

D owtu Shovt-C-rcui.t Duration Indefinite
Opeating Tornparatute Range OC to 70'C

.~ Storae Tormparatu'e Range -6VC to I SeC
Lead Temperature ISoldering. 10 Sec) 300C

0o

electrical Characteristics (Note 41

PARAMETER CONDITIONS MIN TYP MAX UNITS

Input Offset Val"g TA, - 2SC 0.3 0.5 enV

Input Offset Currnt TA *2SVC 0.2 1 nA

Input Bills Curment TA *25VC 1.1 7 r

Input Resiance T, *2S'C 10 40 MIR

Sumppl Current TA - 2VC. V& - 215V 0.3 0.3 nA.

Large Sig Voltage "an TA - 2VC. V, * ISV

VOU, t0V. Rj,10 kf so 300 V1Mv
Input Offset Voltage 0.73 Inv

coefficient of Input
Offme Vol~g 1.0 5. jvf C

-Average Tempes-retu
Coefficient of Input
offetg current 2.0 10 9AI'c

Input sit Current 0N

Large Signal Voltage Gain V5  I cI V. v*u,, - I IOy
R, _ 0 kn 30 VAsV

Output~olegSing Va 1lsv. n -1 Io 11 214 V

Input votegRanges Vs 116V *14 V

Commout" Mode Rejection 96 1l0 dB
Ra~to

Suppl Voltage Rejection go 110 do

Nofet* 1: Toe rnalinionsijunctie. taripereture of teer LM3OSA i85 SC. Fee operalte aW elasel Wv
per~tu". daeice in, the T94 *eehep mwtv be iteatd baud ont a thermet resist.'ta of ISOC 01.
1~411to fo a..aiet. Or 4_ CMY. Iungt~om to cow. For the flat packaige, the etalwg is basd onea
therniet resistancae~ of8ll CM vWhen mou-tid on e 111"ntshttick moo., las board witht eot.
0.0 inch avide, 2ourie cooper gomfoor. The ttermnat resitansce of the dwal.,ntkne packae 6
100 01W. iunesien to es.ns.
0ate 21 The inputs ae shuanted with bock toback alodes for oset"Olae p roltel.On. Tttemfee.
#EaceSWv current will flow if a differential inpuat voltae in *acin% of IV is spotted between the 69*0te
vinlewss ti frm t egijtalienis limd.
Note 2: Fer supply seltaps IOU then t1sv the absolutse ns.M441mO input Altier ;% e"Vol ae tse

twated Thewe seeWts,.s lot% fa*V < VS5 tISV 40111 CC<TA < TOCC- -A'6" 1h"eWall

tpegi-54-



Operational Amplifiers

LM741/LM741C operational amplifier
general description0
TtI-! V.1741 a-d L. l741C &,, geea P,-oost thor &poI~a..:.-o nero foolprtoof. OGhI~o, pro
op~rat,OnaI a-p' 'avIS -'.Ch Itatu~v n,:)oved p-, tection on tne n: output. .10 latch up wrhen
for-nai :* o;- .- ~j,vsndr IereLMO the commo -,-~ ra-ge is exceeded. a. w~ell ft
The~y are dvet. pouq on reptaccmentl for the freed.-wm from o~oaj,uns

70)9C, 0,1201. tMCt439 and 748 - mos:
aalciations The LM741C .;d-oa to the LM741 excep

that the i.17- 7C his, III Perform jnce V~eXttedl
The offte. Io,; nd ofllie: rulrent are guarani over a O*C to 70*C :r*'perature range. initead of
t-d axe.' tne enti.re commnon made range The -5 C to 125 C.
arnp ,fstf also offer manty features which make

schematic and connection diagrams

a re~

go .-

~~~~Order Number LM741N rLM4C
SeSe Padcage I

set. 2.7lill 1
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absolute maximum ratings

1.14141 -S C O 21,
%nv. 61 aI C .

O'. 2. p -0 C .. 15.)C
L. ~ 1 --.-.' 3w h~* C

electrical characteristics (Not@ 3)

6'W. CII. woo.."- T.2.i. - soC A.ZC < lf~t to 12 to 40 AV

~.- C-"i' T. * )iC Poo YA 20 o

4S1 MuICAs T. -*Cvi I0 ' 1* 03 so on

$.op C- A 3,.V.3 )I.2 10 ISO 11 its

I..... 0Iw. C....... C_ T W.v -2

VO I-I OV L ! so la IS fe .

I-r Sq.. Vp AS< )Ok goy is * 2v

a.. ISS111 0 21 :22 13v

SIM V~...Vfy IP-,

A,<1l 71? Il It 96 11s

Note 1: The Ina.um junction tempeaure of thel LM741 is ISO'C..' 1..1 to the LM74IC is
100 AC. For Coffer..g at a'ewted tempenturs. deices in thle TO-S packap must be dersted based on
& lhamnell "ft.tU of 1,#c1W. juntion tocae
Nge* 2: For Suppy voltages lollt Slm a Sy tile absolute maximum ""CI voltaip. ri u t@ thei
56mly0 V~itgI
No?. 3: TPvvw Ipeafications apply f@I VS - f1IV and 'SSOC < 

T
A I 2S*C. unless othr,,..

IPeC'ffed. Wi hi.M?41C. )IOOVW.S~ SPll i Iito,3nIWGlted V;O*C 7TA _< )OC ndV 3 2SV
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