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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. The 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 1linear maximal
seguence 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 an external 1 or 5 MHz reference. Self-
metering capabilities are provided.

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

Channel 1l..A 7 digit linear maximal sequence is wused 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 zugmented linear maximal sequence is
used to modulate a sinusoidal carrier using CM (+-45
degrees) modulation. The sequence used to modulate
the carrier 1is the one wused by the Institute for
Acoustic Research in their WHAMMO transmission. The
seguence law setting on the BCSG-76 for this sequence
is 01257.

Channel 3..A 255-digit linear maximal sequence 1is 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 seguence 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 freguencies 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 rangz of 1 thru 9999.




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 con this panel.

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 i
in the up position. :

BAT/ON Toggle Switch

This switch is used to connect the backup battery
supply to the uninterruptible power supply. When this 1
switch is in the up position, the battery is connected and
the generator is powered. Normally this switch should only
be 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 1is 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 1is 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 ROUN
position. This 4input 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 +-1 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 1 MHz source. It is anticipated that the internal
oscillator will normally be used.

e bk v e A5 e




5 MRz 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 PANOCIC and WHAMMO signals are not to be
run at the same time duvue 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 1levels 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 1left 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 1is calibrated to convert average ac
sinusiod 1levels 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.

A 1Y
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SELECTOR A/B Toggle Switch

B ]

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 frecuencies 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
s order to be controlled by this switch.

Dl

ACTIVE LED

This LED is 1lit 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 1is in a 20-minute <cuiet 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
1 oscillator.

100KBz 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.

R T O
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3. Operating Procedure

1.

2.

Plug the unit in and turn on the AC power.

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

Set the CLOCK SELECT switch to choose the desired
clock source. This will normally be the INT position.
The internal oscillator reguires approximately 20 to
30 minutes to warm up and stabilize to a part in 1078.
It is assumed that the internal clock has been
previously trimmed.

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

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

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

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.

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.

il st
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Turn on the channels required for the current segnment

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 1 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 freguency.

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.

f 1 Gain
1 Offset
O 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 1left 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 Sefting 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 1078.
The second adjustment is via a 10-turn pot mounted on the
front panel. The range of this adjustment is about 2 parts
in 1077,

IS




The following procedure is suggested 'when adjusting

j . the oscillator frequency.

1.

b g

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.

Synchronize an oscilloscope to an external 1 MHz
reference and display the 1 MHz output. The display
will appear to drift left if the oscillator fregquency
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 1076. 1If it takes 10 seconds to
drift one cycle then the offset is 1 part in 1077;
100 seconds to drift one cycle indicates an offset of
1l part in 1078.

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 +-1 part in 1077 then it will
probably be necessary to make an initial adjustment of
the oscillator oven.

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 fregquency. Replace the access
screw and allow 5 to 10 minutes for the oscillator to
restabilize. After an adjustment the fregquency
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 1078 in about 30 to
40 minutes.

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

These

The generator contains five major subassemblies.
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 freguency of 16 MHz.

Power Supply

The power supply was to be a Semiconductor Circuits
uninterrupible supply along with a 12-volt battery

-10-




2.

3.
4.

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 |

Pover

Supply Waveform

Board
Stack

Top View

Wire-wrap
Battery Panel

Pack —
IEsc
Summer/Metering

X

I Meter l

Front Panel

Figure 5.1. Generator internal component layout

5.1 Wire-Wrap Panel

This panel contains the circuitry needed to

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

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

generate the required modulating seguences

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

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~
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The first is a ROM based generator that can be used to
generate seguences 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 secguence the ROM contents are

Address Contents
00 00100001
01l 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 1is 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 1078 in order to get a 0.0l 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

BO1 channel 2 waveform bcard

B02 channel 3 waveform board

BO3 channel 4 waveform board

B04 channel 5 waveform boards

A27 connects power to the summer/metering board
A30 +-15 volt power supply

-12-




AJl 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.

Up/Down oac
Tt on/pte
4 £, Out
Clock In 0
—] i x ol 22 > t8 >
G
RE RE ] Signal Out
[ Al T - A o
N 2 [
S
AV Cycle End
e
Phase Y Prase
sel ~foms —>

Figure 5.2. Waveformer board organization

The input clock is at a freguency of 1 MHz. This
clock 1is divided using a four~digit BCD counter. The count
factor is settable in the range from 1 thru 9999. The
output of the BCD divider drives a divide-by-32.

The divide-by-32 is implemented using a binary up/down
counter. The direction of count is determined by a logic
signal originating off board. The five bits in the up/down
counter are used to address a ROM. This ROM contains 32 8-
bit samples of a sine wave. The counter also drives a
comparator. 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 carrier
cycles 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 fregquency. This
feature was not used in the SGEN79 unit.

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

The contents of the sinusoid generating ROM are
tabulated below.




5.2.1 Board Configuration

The waveform generator boardes are
into a stack.
using six 16 wire cables.

Addr Contents Addr Contents
00 01111111 20 10000001
0l 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
contents as binary values.

and the

assembled together
The stack is connected to the wire-wrap panel
The signal assignments of the six

boards are:
Bottom board

Signal channel 2, WBAMMO transmission. Modulation is
CM. Connects tc position B0l of the wire-wrap panel.

Board 2 from bottom

Modulation
Connects to position BO02 of the wire-wrap

Signal channel 3, sequence transmission.
is BM.
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
B0S5 of the wire-wrap panel.
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Top Board

Signal channel 1. . PANOIC signal. Modulation is CM.
Connects to A0l of the wire-wrap panel.

5.2.2 Headers

The clock divide factor settings are determined by the
presence and absence o0f jumper wires mounted on headers.
The presence of a wire represents a 1logical 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 . l--~-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=----10 . 7--~--10 . 7 10
8----9 . 8----9 . 8--—-- 9
l1----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----10 . 7----10 . 7----10
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

O ~JRNUT N
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o
N
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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
3 connected to the 1level 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 1loading 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
i 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
a 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 1
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 3
! A3 driver transistors, output signal, meter connections 1

El channel metering rotary selector switch ﬁ

E2 channel metering rotary selector switch '

E3 level adjust potentiometer wipers

e
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Appendix A: Wire-Wrap Panel Diagrams
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Appendix B: Waveformer Board Diagrams

I/0 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 82523
ROMs and two dip sockets for cable connections. The ground
was removed from pin 14 of the I/0 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 RCM outputs to set the divide factor. The pin
assignments used on each ROM were:

1l 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
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Appendix C: Summer/Metering Board Diagrams
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Appendix D: Cable Pin Assignments

Wire-wrap Panel Connector AJl

Connection

Channel 1 toggle
Channel 2 toggle
Channel 3 toggle
Channel 4 toggle
Channel 5 toggle
Channel 6 toggle

switch
switch
switch
switch
switch
switch

No connection (contains
Reset toggle switch top
reset BNC center
Reset toggle switch bottom lug
A - B selector toggle switch meter side lug
Clock selector rotary switch INT position
Clock selector rotary switch 5MHz position
Clock selector rotary switch 1
center
center
center
center
center
center

Channel
Channel
Channel
Channel
Channel
Channel

AU W=

toggle
toggle
toggle
toggle
toggle
toggle

switch
switch
switch
switch
switch
switch

No connection (contains
Reset toggle switch center lug and reset BNC
grounding 1lug
Reset toggle switch center lug
A - B selector toggle switch center 1lug
Common terminal on clock selector rotary switch

Common terminal
Common terminal

Wire-wrap Panel

Connection
Channel 1 level
Channel 2 level
Channel 3 level
Channel 4 level
Channel 5 level
Channel 6 level
free

free

free

free

free

free

free

Channel 1 level
Channel 2 1level
Channel 3 level
Channel 4 level

top
top
top
top
top
top

lug
lug
lug
lug
lug
lug

MANUAL-)

lug and external

ground)

MHz position

lug
lug
lug
lug
lug
lug

on clock selector rotary switch
on clock selector rotary switch

Connector AJ2

adjust
adjust
adjust
adjust
adjust
adjust

adjust
adjust
adjust
adjust

pot,
pot,
pot,
pot,
pot,
pot,

pot,
pot.,
pot,
pot,

lug
lug
lug
lug
lug
lug

bac
bac
bac
bac

closest
closest
closest
closest
closest
closest

to
to
to
to
to
to

k lug (non
k lug (non
k iug (non
k lug (non

panel
panel
panel
panel
panel
panel

wiper)
wiper)
wiper)
wiper)
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Channel S5 level adjust pot, back lug (non wiper)
Channel 6 level adjust pot, back lug (non wiper)
free
free
free
free
free
free
free

Wire-wrap Panel Connector BJl
Connection

1 MHz clock output BNC center pin thru 100 ohms
100 KHz clock output BNC center pin thru 100 ohms
Vectron oscillator clock output pin 1
5 MHz clock input BNC center pin

1 MHz clock input BNC center pin
Anode of +15 LED

Cathode of -15 LED

Anode of +5 LED

Anode of ACTIVE LED

Anode of QUIET LED

Cathode of ACTIVE LED

Cathode of QUIET LED

free

1l MHz clock output BNC ground lug

100 KHz clock output BNC ground lug
Vectron oscillator pin 5

5 MHz clock input ground lug

1 MHz clock input ground lug

Cathode of +15 LED

Anode of -15 LED

Cathode of +5 LED

No connection (contains ground)

No connection (contains ground)

No connection (contains ground)

No connection (contains ground)

No connection (contains ground)

Adder/Meter Board Connector A2
Position

free

+15 volts
-15 volts
ground
ground
ground
ground
ground
free

free

-36-




free
free
free
free
free
+5 volts

Note: This is a ribbon cable that connects to the

wire-wrap panel at position 227.

P

Adder/Meter Board Connector A3

Connection

o
[
3

Emitter of 2N3904 -  (NPN)

Base of 2N3904

Collector of 2N39G4 (also +15 volts)
Meter pin 1
Meter pin 2
Meter pin 3
Meter pin 4
Both signal
Both signal
Meter pin E
free

Meter pin B
Meter pin C
Collector of 2N3906 (also -15 volts)
Base of 2N3906

Emitter of 2N3906 (PNP)

output BNC connectors, center pin
output BNC connectors, ground lug

WODOU D WN

Adder/Meter Board Connector E1l

o~

Connection

4]
e
3

No
No
No
No
No
No
No

s

connection
connection
connection
connection
connection
connection
connection

(contains
(contains
(contains
(contains
(contains
(contains
(contains

ground)
ground)
ground)
ground)
ground)
ground)
ground)

Center of Volt/MV switch, pole 2

Pot side of Volt/MV switch, pole 2

Meter side of Volt/MV switch, pole 2

Center of Volt/MV switch, pole 1

Pot side of Volt/MV switch, pole 1

Meter side of Volt/MV switch, pole 1

Meter select rotary switch wiper, pole 1

Meter select rotary switch positions 1-6, pole 1
Meter select rotary switch position 0, pole 1

WO d WN -

[
=

Adder/Meter Board Connector E2
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Pin Connection
1l No connection
2 No connection
3 No connection
4 No connection
5 No ccnnection
6 No connection
7 No connection
8 Meter select
S free
10 Meter select
11 Meter select
12 Meter select
13 Meter select
14 Meter select
15 Meter select
3 16 Meter select

Pin Connection
3
1l Channel 1 lev
2 Channel 2 lev
3 Channel 3 lev
4 Channel 4 lev
S Channel 5 lev
6 Channel 6 lev
7
8
9 free
10 free
11 Channel 6 lev
12 Channel 5 lev
13 Channel 4 lev
14 Channel 3 lev
15 Channel 2 lev
16 Channel 1 lev
)
L Pin Connection
F
B 1 Goes to
‘ 2 Connect
3 Connect
4 Connect
5 Goes to
6
ki
8

(contains
(contains
(contains
(contains
(contains
(contains
(contains
rotary swi

rotary swi
rotary swi
rotary swi
rotary swi
rotary swi
rotary swi
rotary swi

el adjust
el adjust
el adjust
el adjust
el adjust
el adjust

el adjust
el adjust
el adjust
el adjust
el adjust
el adjust

40~

ground)
ground)
ground)
ground)
ground)
ground)
ground)
tch position

tch wiper, po
tch position
tch position
tch position
tch position
tch position
tch position

Adder/Meter Board Connector E3

pot, back lug
pot, back lug
pot, back 1lug
pot, back lug
pot, back lug
pot, back lug

No connection (contains ground)
No connection (contains ground)

pot, wiper
pot, wiper
pot, wiper
pot, wiper
pot, wiper
pot, wiper

Vectron Oscillator Connector

BJ1l pin 3 on wire wrap panel
to pin 3 on this connector thru 100 ohms
to pin 2 and logic power ground

to +5 logic supply
BJ1l pin 16 on wire wrap panel
20K frequency adjust pot, lug close to front panel
20K frequency adjust pot, wiper 1lug
20K frequency adjust pot, lug at back

0, pole 2

le 2

6, pole
5, pole
4, pole
3, pole
2, pole
1, pole

[ (S S SN SN, ER N

(non wiper)
(non wiper)
(non wiper)
(non wiper)
(non wiper)
{(non wiper)

e ml—— e -




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 LM741 Operational Amplifier

Vectron Laboratories C0211 Oven Stabilized Oscillator
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ANALOG
DEVICES

Low Cost 3 Digit
Analog Panel Meter Replacement

FEATURES
Third Ganeration 2L LS| Design
Small Size and Weight: 3.4°W x 2.0"H x 0.8"'D; 1.8 Ounces
Sraz-In fAounting, No Hardware Required
Low Power: +5V at 0.6 Watts
Balanced Differantial input
High Reliability: >250,000 Hour MTBF
Low Cost: 34 in 100s
$29 in 1000s

GENERAL DESCRIPTION

The AD2026 is specificzily designed to provide a digital aleer-
native to analog panel meters. Most of the analog and digital
circuitey is implemented on a single proprietary 1. LSI chip
Only 13 additional electrical components are required. The
complete DPM is mounted on a single 3" x 1 §/8" PCB. A
unique case design (pazent applied for) utilizes molded-in fin-
gers. both to capture the PCB in the case and to provide snap-

in mounting of the DPM 1n 2 standard panel cutout. No mount-

ing hardware of any kind is used. The DPM occupies less than
1" of space behind the panel.

EXCELLENT PERFORMANCE

The AD2026 is not a conventional DPM stripped down to
achieve a low price. 11 otfers the instrument designer digiral
accuracy, resolution znd e2se of readout, while cecupying less
volume than its anaivg counterpart. Other features of analog

meters, such as reliabiiiny and instantaneous operation, are re-

tained in the AD2026. Features usually not required in display-

ing measurement rescics in instruments, such as full bipolar
input. 1009 overrange. rejection of normal mode signals, and
true auto zero, have been eliminated to achieve a reliable, vet
low cost design.

The AD2026 measures and displays inputs from -99mV o
4999V, with an accuracy of 0.1% of rcading t1 digit. Zero
shift is less than one bt over the full opcrating temperature
range, resulting 1n the same perfurmance as a2 DPM with auto
zero. The balanced differenual input rjects common mode
¥oltages up 1o 200mV . enough to chiminite most ground loop
preblems.

Automatic polanty tnd:vation s provided by using the third
diget tor indicate negatn g inputs. Automatic overrange indica:
tion for inputs greates than +999mV is displayed as FEE, and
for inputs greater than -99m\V as -

*PATENT APPLILD FOR

tnforrngon furnaned by Arato, Dev oo, s helieved 1o be accurats
and religie However, no raspOMs2nhify s gssumed by Analoy Duvices
10r 113 wie. nor for any 1nlrngemue i o8 pyrees ar Othee nghts ot therd
Parties which mgy result brom oty use No b mase o granted by smphca
10N or otherwise under ang Patent of Patent nzhts of Anglog Devicss

.-
R T1 N

Reliability is assured h) alow component count (14), low
internal heat rise (10°C), and extensive factory testing and
quality control procedures. including 168 hours of failure free
burn-in. M1BF is 260,00 hours at +25°C.

PACKAGE AND INTERCONNECT

The AD2026 uses a new case and iens which assemble without
hardware. A series of fingsrs molded as part of the case capture
the PCB and permit snap-in mounting of the DPM in the front
panel cutout. The lens has intentionally been left devoid of
markings 10 peemit the user to individualize the DPM with his
logo, measurement information, styling touches and other pro-
prictary data.

Connection to the AD2026 is made via Pins 1 through $ and

A through E. Pins 6, 7, F and H are not normally used (see

Pin Connection Table). A suitable connector is the T & B/Ansley
609-1001M ur the Berg, 3\ or Spectra Strip equivalents. This
type of connector allows fast crimp connection to ribbon

cable. The Berg 47745 connector or the Amp equivalent offers
convenient crimping to individual insulated wires.

BESIGNED AND RUILT FOR QUALITY AND RELIABILITY
The AD2026 uses the proven dual slope integrating A/D con-
version technique. All analog and digita) circuitsy with the ex-
ception of the integrating capaciror and the components assoc-
rated with decuding and drving the LED display are integrated
on a single proprictary L LSI chip. As a result, the total DPM
consists of 14 clectrical cemponeats and the normatly conflict-
ing objectives of low cost 1nd high reliability are buth achieved.
Further, the manufacturing process is designed for achieving

the economies of high voiuaie, while at the same time, exten-
sive testing, both in process an i following final assembly, assures
that the eeliability potental of the producs achicved in prac-
e

Route 1 Industrial Park: P O. Box 280; Norwood, Mass. 02062

Tel: 617/3294700 TWX: 710/394 6577
West Coast Aid-West Texas

213/595-1783 312 334.3300 214/231.5094
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SPEC|FICAT'0NS {typicaf at +25°C -t nominal supply voltage unless othenvise noted)

DISPLAY OLTPLY

® Lightemiuing diode. planar seven segment display read:
oats, 037 (E3Immi high for three data digics
Oeeslead Indacaz. n ERE

Uold: When che Hold input i at Logic 0%, grounded <
open circuit, the ADO26 will convert at 4 conversion
second {f 2 voltage of 6.6 10 7 34 1 applied to cthis inp_z.
the DPM will step converting and hold the last reading A

Segatave Indication

-XA

12K Q resistor in scrics with this input to ¢SV will prov ze

Negative Overdoad Indication ~- -
Dz mal Pointe three (3) selectable atinput connector

" CONVERSION RATE

ANALOC INPUT
® Configuration: Limited bipolar, balanced differential

Scale Range: -99mV tv +999mV’
mave Poiar'ty

1=z st Impedance 100MS2

® RB.:s Current. 1100A

® Quenvcitage Protecuon: 21SVIC, sustained

;\CCL RALY

21 &g
® Res:aiion. ImV
® Texpersture Range? -10°C to +60°C operating; -25°C
10 ~8§0 C storage
® Temperature Coetticient: Gain: SOpme C
Zero: 10uV/°C (essentially
auto zero)
® Warm-Uz Time to Rated Accuracy: Instantaneous
® Settiing Time to Rated Accuracy: 0.3 second for full
input voltage swing
COMMON MODE REJECTION {1k source imbalance, DC
to 1kH2)
® 5048
COMMON MODE VOLTAGE
2200m\’

® 4 conversions per second

® Hold and read on command
CO\'TROL l\PUTS -

®ianki isplay Power Input: The duphy of the

AD‘026 <an be bhrke-l by removal of power to the display
power input, with nc effect on conversion circuitry. It ex-
ternal logic switching is used. the display tequires 110mA
peak (85ma averags) when ivminated.

the proper voltage input.

DECIMAL POINY
® lo duminate decumal puints. ground appropriate 2
A Bor3)

POWER INPLT®
® Converter. +5V £5%, 0.2 watts typ: 0.33 watts ma
® Display. SV £30¢%, 0.45 wates typ. 0.75 warts max

CALIKRATION ADJUSTMENTS
® giin
® Zero
® Recommended secalibration intersal: six months

SIZE
® 343°Wx2.0"H x 0.857D (57 x 52 x 22mm)
® 0.88° (22mm) overall depth 10 rear of connector
® Panel cutout tequired: 3.175 20 015" x 1.810 £0.018”
180.65 *0.38 x 45.97 20.38mm)
WEIGHT
® 1.8 ounces (53 grams)
CONNECTOR
A 10 pin T & B/Ansley 609-1001M with two fzct of 1C
conductor ribbon cable is avilable. Order AC:618 st $3.00
each.
NOTE. Conductor to pin A is color coded dark blue
Sequence of ribbon connections is A, 1, 8. 2.C. 3, exc

PRICING
349 Q —9) $34 (1005), $29 (1000*)
i OEM d

* Guaranteed 81 +25°C and nominal mupply voltage

?Guaranteed

*When the same power supply is used to powee both display sn:
conveeter, *3V, +5%, 0.65 watts typical. 0.9 warts max is required.

Specifications subject to chaage without notice.

OUTLINE DIMENSIONS AND PIN CONNECTIONS
Dimeasions showa in inches snd (mm).
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PRELIMINARY TECHNICAL DATA

FEATURES

Low Cost {$9.95 in 100’s, AD5613)

Complete Current Output Converter

High Stabiiity Buried Zener Reference

Laser Trimmed to High Accuracy (1/4LSB Max Error,
ADS61K, T)

Tri d Output Application Resistors for 0 to +10, +5
Volit Ranges

Fast Settling — 250ns to 1/2LS8

Guaranteed Monotonicity Over Full Operating Temperature
Range

TTL/DTL and CMOS Compatible (Positive True Logic)

Single Chip Monolithic Construction

Hermetically-Sealed Ceramic DIP {All Grades)

PRODUCT DESCRIPTION

The AD561 is an integrated circuit 10-bit digital-to-analog
converter combined with a high stability voltage reference
fabricated on a single monolithic chip. Using 10 precision high-
speed current-steering switches, 2 control amplifier, voltage
reference, and laser-rimmed thin-film SiCr resistor network,
the device produces a fast, accurate analog output current.
Laser trimmed output application resistors are also included to
facilitate accurate. stable current-to-voltage conversion; they
are trimmed 1o 0.1% accuracy, thus eliminating external trim-
mers in many situazions.

Several important technologies combine to make the AD561
the most accurate and most stable 10-bit DAC available. The
low temperature coefficient, high stability thinfilm network
is trimmed at the wafzr level by a fine resalution laser system
to 0.01% rypical lineariry. This results in an accuracy specifica-
tion of $1/3LSE max for the K and T versions, and 1/2LSR
max for the J and S versions.

The AD561 also incorporates a low noise, high stability subsur-

face zener diode to produce a reference voltage with excellent
long term stability and temperature cycle characteristics which
challenge the best discrete zener references. A temperature
compensation circuit is laser-trimmed to allow custom correc-
tion of the temperature coefficient of each device. This results
in 2 typical full-scale temperature coefficient of 15ppm/°C; the
T.C. is tested and guaranteed to 30ppm/°C max for the K and
T versions, 60ppm/°C max for the S, and 80ppm/°C for the J

All grades are packaged in 2 16-pin hermetically-scaled ceramic
dual-in-line package. The ADSGOU and K versions are specified
for operation over the 0 to +70°C temperature range, the
ADS561S and T for operation over the full military temperature
range from -55°C to +125°C.

Information furnished by Ana'cy Devices is believed to be accurae
and reliable. However, no respons bility is assumed by Analog Device,
for its use; nor for any infringements of patents or other rights of th.rg
parties which may result from its use. No license 15 granted by implicy
tion or otherwise under any patent or patent rights of Analog Devices

Low Cost 10-Bit

Monolithic D/A (:on\(g:rterl

o

ey

PRODUCT HIGHLIGHTS

1. Advanced monolithic processing and laser trimming at the
wafer level have made the AD561 the most accurate 10-bit
converter available while keeping costs consistent with large
volume integrated circuit production. The ADS61K and T
have 1/4LSB max relative accuracy and 1/2LSB max differ-
ential nonlinearity. The low T.C. R-2R fadder guarantces
that all ADS561 units will be monotonic over the entite
operating temperature range.

2. Digital system interfacing is simplified by the use of a posi-
tive true straight binary code. The digital input voltage
threshold is a function of the positive supply level; connect-
ing Vg to the digital logic supply automatically sets the
threshold to the proper level for the logic family being used.
Logic sink current requirement is only 25uA.

3. The high speed current steering switches are designed to
settle in less than 250ns for the worst case digital code
transition. This allows construction of successive-approxi-
mation A/D converters in the 3 to SpMs range.

4. The AD361 has an output voltage compliance range from
-2 to +10 volts, thus allowing direct cutrent-to-veltage

conversion with just an output resistor, omitting the op amp.

The 40MS open collector output impedance results in negli-
gible errors due to output leakage currents.

S. Every ADS561 is subjected to long term stabilization bakes
and temperature cycled ten times from -65°C to +150°C

prior to final test to insure reliability and long-term stabiliry.

Route 1 Industriat Park; P.O. Box 280; Norwood, Mass. 02062

Tel: 617/3294700 TWX: 710/394-6577
West Coast Mid-West Texas
213/595-1783 312/894-3300 214/231.5094
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SPECIF ?
l lCATIONS (Ta= +25°C, Ve = +5V, Ve = -18V, unless otherwise specitied) “
ADS61) ADS61K '
MODEL . MIN TYP MAX MIN TYP MAX ~ UNITS
RESOLUTION 10 Bits 10 Bits
ACCURACY (Error Relative *1/4 2172 t1/8 /4 LS8
to Full Scale) {0.025) (0.05» £0.012)  (0.025; %ofF.S.
DIFFERENTIAL NONLINEARITY *1/2 *1/4 2172 LS8
DATA INPUTS
TTL, Vo = +5V
Bit ON Logic "1™ +20 . v
B:t OFF Logic "0 +0.8 . ‘v
CMOS, 10V K Ve S 165V
(See Figure 1)
Bit ON Logic 1" 70 Ve . v
Bit OFF Legic 0™ 30% V¢ hd 4
Logic Current (Each Bit) (Typy to Tpax)
Bit ON Logic 1" +5 +100 . YN
. BeOFFlogcro” .. % _ B :. T
ouTeLT
Current :
Un:polar 1.5 20 24 ;o . b mA
Bipolar 20.75 210 21.2 e . . mA
Resistance (Exclusive of ’ ’ ; : o
Apphication Resistors) 40M . . i Q
; Unipolar Zero (All Bits OFF) 0.01 0.05 . d * ; %of FS.
} Capacitance 25 : ® . pPF
Lo .. Complsnce Voluage 2 ww e e e iV
: SETTLING TIME TO 1/2LSB X .
i ) . Al Bits ON-to-OFF or OFF-to-ON 250 : . 1o
- el e e o e e e - - - = N — e —— - ——— e et e
S . T _ . POWER REQUIREMENTS * - : B . oo : .
< Vce. +4.5VDC to +16.5VDC 8 " 10 . TeTTT T mA T T )
Vgg.-10.8 10 -16.5VDC 12 16 i ° M { mA
POWER SUPPLY GAINSENSITIVITY ™~ 7 77 7777 7 oo e T ;—
L K Vee. +4.5VDC to +16.5VDC 2 10 . . . ; ppmof FS./%
27 _ . Ver.-108VDCro-tésvoC 4 st T . pemofFS/%
X TEMPERATURE RANGE ; :
Operating Oto +70 : M . ‘%
Storage -65 to +150 i * ° . ‘c
; TEMPERATURE COEFFICIENTS R i
E With Internal Reference : i b
¢ W Unipolar Zero 1 10 ! 1 s : ppmof FS./°C 3
H Bipolar Zero 2 20 ! 2 10 . ppmofFS.I°C {
' Full Scale 15 80 . 1s 30 ; ppmof Fs./°c
Differential Nonlinearity 25 : L 28 i ppmofFS./°C
t ' MONOTONICITY - Guaranteed over full . Guaranteedover full
] T . ’ operating temp. range ' operating temp. range -~ -
- PROGRAMMABLE OUTPUT owsto T T . i
b & RANGES (See Figs. 5. 6) Sto+s ! . i
’ CALIBRATION ACCURACY CoTmmn o memmmmm :
. Full Scale Error with Fixed 250 !
: Resistor 20.1 ) .
B | Bipolar Zero Error with Fixed 102 ;
4 o Reser . " _is
CALIBRATION ADJUSTMENT .
RANGE
# . Full Scale (With 5052 Trimmer) 0.8 N
X Bipolar Zero (With 2002 Trimmer) £0.2 i . ) )
: *Specifications same ss ADS61] specs.
Specifications subject to change without notice.
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T m—-—“-_wﬂA—bS-é»IS“ T ":“-_ »'Aﬁ.56|'|' o !
MODEL MIN TYP MAX : MIN TYI’ MAX ‘. UNITS
m»sou. TION 10 Bits o ) 0 Bes |
ACCURACY (Error Rclauve 21/34 21/2 ! t1/8 21/4 . LSB
to Full Scale) (0.025) (0 05) R (0 011) (0.025) | % ofF S
U b A RS - . o- e =
DI FERENTIAL .\O\(LINI-.ARII‘Y 2 i ] :m _oan LS8 »
DATA INPLTS ; [
TTL. Ve = +3V i |
Bi: ON Logic 1" +20 . iV
Bit OFF Logic "0 -08 t b [ 4
CMOS, 10V € Ve € 16.5V !
(See Figure 1) ]
Bt ON Logic 1" 70% Ve .o L
Biz OFF Logic 0™ 30% Vee | .. v
Logic Current (Each BitHTmm 10 Tmax) ! :
Bir ON Logic 1" +20 +100 : . .. { nA
_ . Bit OFF Logic 0" ~25 __~1uwo { D A I, S
outeuT :
Current
Uripolar LS 2.0 23 oo ae .o mA
Bipolar 20.73 £1.0 2) 2 b b i mA
Resistance (Exclusive of
Application Resistors) 40M A Q
Unipolar Zero (All Bits OFF) 0.01 0035 e b %of FS
Capacitance 1s . pF
_. Compliance Voltage -2 -3 +10 . b \ Y
SETTLING TIME TO 1/2LSB
AII Birs ON- ro-OFF or OFF-t0-ON 250 hid ns
.- [ . e
POWER REQUIREMENTS - ’ o ’ C e
Vee. +4.5VDC 10 +16.5VDC 8 10 se bl mA
v“,-xosm-lb SvDC 12 16 hid b mA
"POWER SUPPLY GAIN SENSITIVITY ’
Vec. +4.5VDC to +16.5VDC 2 10 N hid o ppmof F.S./%
Ve, -10.8VDC 10 -16.5VDC ‘ 25 | . ppm of F.5./%
TE\IPERATURE RANGE T
Operating -85 t0 4125 i s o °c
Storage ~65 to +150 L A hid °c
TEMPERATURE COEFFICIENTS - T
With tnternal Reference i
Unipclar Zero 1 10 1 ] ppm of £.5./°C
Bipolar Zero 2 20 2 10 ppm of F.5./°C
Full Scale 15 60 15 30 ppm of E.S./°C
Differential Nonlinearity 28 2 ppm of F.S./°C
MONOTONICITY Guaranteed over full Guaranteed over full
opecating temp. range operating temp. range
PROGRAMMABLE OUTPUT —— — — ~W0to+io  ~—~ ~—r " TweTTT T \'Z
RANGES (See Figs. 5, 6) “Sto+s * v
CALIBRATION ACCTRACY Tt T Tt T T T T T T T T
Full Scale Error with Fixed 2502 !
Resistor 0.1 ! o : %of F.S.
B:polar Zero Error with Fixed 10Q !
Resistor $0.1 : .. ! %of FS.
CATIBRATION ABJUSTRENT 7 7T T B
RANGE i
Full Scaie (With 5082 Trimmer) 0.5 s %ol .S,
Blpohr Ieru (Wuh 08 Irlmmer) $0.2 ' b ! %ofF. S
**Specifications same as ADSE1S specs.
Specifications subject to change without netice.
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DIGITAL LOGIC INTERFACE

Al standard positive supply logic familics interface easily with
the ADS61. The digital code 1s positive true binary (all bats
high, logic **1", gives positive full scale output). The logiv inpu.
load factor (10UnA max at logic “1", -25uA max at logic 0™
3pF capacitance), is less than one equivalent digital luad for al!
logic fam:l:es, including unbutfered CMOS. The digital theesh-
old is set internally as a function of the positive supply, s
shown in Frgure 1 For most applications, connecting Ve to
the pusitive logic supply will set the threshold ac the proper
level for maximum noise immunity. For nonstandard applica:
tions. refer to Figure 1 for threshold levels. Uncommitied bit
input iines will asscme a 1" state (similar to TTL), but they
are high impedance and sebject to noise pickup. Unused digitai
inpuss shouid be connected dircctly to ground or Ve, 35
desirzd.

13 X
z
. MAX INPYT &
; S MAx

= Voo £

DIGITAL THRISHOUD vy
b

s io 12
POSITIVE SUPPLY VOLTAGE, Vee - Volt

Figure 1. Digits! Threshold Vs. Positive Supply
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OUTLINE DIMENSIONS
Dimcensions shown in inches and {(mm),

AD561 ORDERING GUIDE

Figure 2.
ACCURACY
MODEL TEMP RANGE w +28°C
AD361} Ot ¢ =2 LSE mas
AUSSIK 0 to +70°C ERLENT
ADS6IS -85 te e 128°C SH15H ma
ADS561S/843R" -5% o +128°C 150K
ADSOIT 55 10 +1257C AR AN
ADSAIT/RBIR® 53 1 #1257¢ S SR may

CThe ADSOTNNHTH and ADSALTNR SN are tutly provessel to ML STLERRI L Merhod Sterd 40 R

The complece prov e buce Int 1o avarlable on request

THE AD361 OFFERS TRUE 10-BIT RESOLUTION OVER
FULL TEMPERATURE RANGE

ACCURACY: Ana! ; Dzuices defines accuracy as the maxi-
mum deviaton of ¢ actusl, adjusted DAC output (see page 5)
from the idea! analcg vutpur o straight ine drawn from O to
F.S. -~ 1LSB) for ar: bit cotunation. The AD361 is lascr
tamimed to 1/4LSKE 0025 of F.S.) maximuni crror at +25 C
fur the K and T vers.ons = 1 21.SH for the J and §.

MONOTONICITY: A DAC 15 s1id to be monotonic if the out-
put either increases ¢r rema =5 constant for increasing digival
inputs such that the vuiput will always be a singte-valued func-
tion of the input. Al wcrsiors of the AD561 are monotonic
over their full operat.ng temperature range.

DIFFERENTIAL NONLINEARITY : Munotonic behavior
requires that the diffzeensia! monlincarity error be less than
ILSB both at +25°C 2nd ove- the temperature range of inter-
est. Differential nontnearity :s the measure of the variation in
analog value, normalized to full scale, assuciated with a 1LSB
change in digital inpu: code. Four example, for a 10 volt full
scale output, a chanze of 1LS8 in digital input code should
result ina 9.8mV chugc in t=e analog output (1LSB = 10V x
171024 = 9.8mV). if 11 actuzl usc, however, a 11.SB change in
the input code results in a change of only 2.45mV (1/4L.SB) in
analog output, the d.’‘erent:z! nonlinearity error would be
7.35m\V, or 3/4L.SB. The AD361K and T have a max differen-
tial linearicy error of 1/2LSB

The differential noni:nearity wemperature coefficient must also
be considered if the device is to remain monotonic over its full
operating temperature range A differential nonlinearity temper-
ature cocfficient of 2.5ppm:"C could undcr worst case condi-
tions for a temperature change of +25°C to +125°C add
0.025% (100 x 2.5ppmi " C of error). The resulting error could
then be as much as 0 025 - 0.025% = 0.05% of F.S. (1/2LSB
represents 0.05% of F S.). To be sure of accurate performance
all versions of the AD551 are therefore 100% tested to be
monotonic over the full operting temperature range.
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CONNECTING THE ADS61 FOR BUFFERED VOLTAGE
OUTPUT

The standard current-towvoltage conversion connections using
ar operationa! amplifier are shown here with the preferred
trimming techniques. If a low offset operational amphifier
(AD510, AD7T41L., AD30IAL) is used, excelient performance
can be obtained in many situations withuut trimming. (A SmV’
op amp offset is cquivalent to 1/21.S8 un a 10 vult scale). If a
252 fixed resistor is substituted for the 507 rrimmer, unipolar
cero will typically be within £1/10LSB (plus vp amp offser).
and full scale accuracy will be within £1LSB. Substituting a
100 resistor fur the 205) bipolar offset trimmer will give 2
bipolar zero errur ty pically within 1LSB

The AD30U9 is recommended for buftered voitage-output
applications which require a settling time to 2'2LSH of one
microsecond. The feedback capacitor is shown with the opu-
mum value for each spplication; this capacitor is required to
compensats for the 25picofarad DAC output capacitance.

FIGURE 5. UNIPOLAR CONFIGURATION

This configuration wili provide a unipolar 0 zo +10 volt output
range.

STEP!1...ZERO ADJUST

Turn all bits OFF and adjust op amp trimmer, Ry, until the
output reads 0.000 voits (1LSB = 9.76mV).

STEP Il.... GAIN ADJUST

Turn all bits ON and adjust $0Q2 gain tnimmer, R2, until the
output is 9.990 volts. (Full scale is adjusted to 1LSB less than
nominal full scale of 10.000 volts.) If a 10.23V full scale 1s
desired (exactly 10mV/bit), insert a 12092 resistor in series
with R3.

FIGURE 6. BIPOLAR CONFIGURATION

This configurazion wili provide a bipolar output volrage from
-5.000 to ++.990 voits, with positive full scale occurring with
all bits ON (all 1's).

STEP1...ZERO ADJUST

Turn ON MSB orly. rurn OFF all other bits Adjust 2082 trim-
mer R, to give 0 000 output volts.

STEP II ... GAIN ADJUST

Turn OFF ali bits, adjust 5082 gain trimmer to give a reading
of -5.000 volts.

Picase note that it is not necessary to trim the op amp to ob-
rain full accurscy at room temperature. In most bipolar situa-
tions, the op amp trimmer is unnecessary unless the untrimmed
offsct drift of the op amp is excessive.

FIGURE 7. £10 VOLT BUFFERED BIPOLAR OUTPUT

The ADS61 car also be connected for a 210 volt bipolar range
with an additionxl external resistor as shown in Figure 7 A
larger value trimmer is required to compensate for tolerance in
the thin film resistors (which are trimmed to match the full
scale current) For best full scale temperature coefficient per
formance, the external resistors should have a T.C. of -50ppm/°C
Por applications requiring optimum performance, a 210 volt
bonding option s available on special order
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CIRCUIT DESCRIPTION

A simplified schematic with the essential |
ADS561 is shown in Figure 8. The voliage reference, CR1L dsa
buried zener (or subsurface breakdown & - 2o Thes device ex-
hibits far better all-around performance == = the NPN base-
emitter reverse-breakdown diode (surfacs 2ener), which isin
nearly universal use in integrated circum 5 2 voltage refecence.
Greatly improved long term stability and o ser noise are the
major benefits the buried zener dernves frym is ;’mng the
breakdown point from surface stress and —-h.le oxide charge
effects. The normnal 7.5 volt device (inc 2 temperature
compensation circuitry) 1s deiven by a currznt source to the
negative supply so that the positive supp.: can be ailowed to
go as low as 4.5 volts The temperature ¢ ot of each
diode is determined individually; this datz ;s 2en used to laser
trim a compensating circuit to balance th.s overa!! T.C. to zero.

The typical resulting T.C. is 0 to ¢15ppr "C.

The negatne reference level is inverted a2 ! scaled by A toyne
2 +2.5 volt reference (which can be driven by the low positive
supply). The AD561, packaged in the 16 DIP, has the +2.5
volt reference (REF OUT) connected dirz:tly to the input of
the controi ampiifier (REF IN). The bufiered reference is nut
directly 2vaiiable externally except throvzh the 2,558 bipular
offset resistor; it can stili be used as a voitzze reference as
shown below in Figure 9.

it features of the

The 2.5k§L scaling resistor and control a plifier Ay then force
a 1mA reference current to flow through reference teansistor

Ql., which has a refative emitier area of 8A. This is accom-
plished by forcing the bottom ¢f the ladder to the propervoltage.
Since Qg and Q; have equal er.:zter arcas and have cqual 5§
emitter resistors, Q also carrics imA The ladder voltage drop
constrains Q7 (with area 4A) . carry only 0.SmA; Qy carries
0.25mA, etc.

‘The first four significant bit ce'’s are scaled exactly in emitter
area to match Q for upumurr- Ve 2nd Vg drift march, as
well as for beta match. These ¢?izcts are insignificant for the
lower order bits, which accoun: ‘ur a total of only 1716 of full
scale. However, the 18mV Vg £.ifecence between two
matched transistors carrying cr..cter currents in a ratio of 2:1
must be coreected. This is donz v forcing ¥204A through the
15082 interbasc resistors. These resistors and the R-2R ladder
resistors are actively laser-trim= 2d at the wafer level to bring
total device accuracy to better than MLSB. Sufficient ratio
accuracy in the last two bits is ¢ t2ined by simple emitter area
ratio such that it is unnecessary 1o use additional area for
ladder resistors. The current in Q¢ is added to the ladder to
balance it properly but is not s»:tched to the output; thus full
scale is 1023/1024 x 2mA.

The switching cell of Q3, Q4, Qs and Q4 serves to steer the
cell curcent either to ground (B!T 1 low) or to the DAC output
(BIT 1 hugh). The entire switch.~3 cell carrics the same current
whether the bit is on or off, thus minimizing thermal transients
and ground current ercors. The 2zic threshold, which is gener-
ated from the positive supply (sce Digital Logic Interface) is
applied to one side of each cell.

jﬂmﬁﬂﬁj‘@ﬁ@uq C‘Jﬁﬁ'
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Figure 8. Circuit Diagram Showing Reference, Control Amplifier, Switching Cell, R-2R Ladder, -4 Bit Arrangement of ADS61

PRECISION LOW-NOISE REFERENCE

The precision reference of the AD561 can be brought out
separately from the DAC to serve as a mzster system reference.
Since the reference is connected through the 2.5k bipofar
offset resistor, it must be buffered external'y, as shown here

in Figure 9. The DAC section can still be opcrated indepen-
dently in a unipolar mode, but internal "-—r"t:i and ground
loop effects will create crosstalk of abou= 0.01% with an ideal
ground. The long term stability of this relcrence will be espec-
ially good. typically £0.01% per year or t-etrer. If the filter
capacitor, C is not used, wideband outp=: nuise will be about
120ppm p-p (1.2mV p-p for 10 volts). 17 C :s 4. 7uF, wideband
noise will be about 25uV p-p (10 volts cuts and 15V p-p from
0.1 to 10Hz,

é ] EPTIPT
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Vour * 11+ Ry M) 2 500y

Figure 9. Precision Uit 3 Lo Noise Reference
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SETTLING TIME

The high speed NPN current steering switching cell and inter-
nally compensated reference amplifier of the AD361 are speci-
fically designed for fast settling operation. The =y prcal seetling
time 10 20.05% (%LSB) for the worst case trans:tion (major
carry, 0111111111 to 1000000000} is less than 250ns, the
lower order bits all settle in less than 200ns. (Worst case settling
occurs when all bits are switched, especially the MSB.) But full
realization of this high speed performance requires strict atten-
tion to detail by the user in all areas of applicarion and testing

The scttling time for the AD561 is specified in tzrms of the
current outpue, an inherently high speed DAC vperating mode.
How ever, most DAC applications require a current-to-voltage
conversion at some point in the signal path, although an un-
busiered voitag: level (not using an op amp) is suitable for use
in 3 successive-approximation A/D converter (see page 8), or

in many dispiay applications. This form of conversiun can give
very fast operation if proper design and layout is done. The
fastest voliage conversion is achieved by connecting a low value
resistur directly to the output, as shown in Figure 12. In this
case, the sectling time is primarily deteemined by the cell
switching time and by the RC time constant of the AD561 out-
put capacitance of 23 picofarads (plus stray capacitance) com-
hined with the output resistor value. Settling to 0.05% of full
scaie /)¢ a full scale transition) requires 7.6 time constants.
This etfect is important for R > 1kQ)

If an op amp must be used to provide a low impedance output
signal, some loss in settding time will be scen due to op amp
dynamics. The normal current-to-voltage convester op amp cir-
cuits are shown in the applications circuits on page 5 using the
fast settling AD509. The circuits shown settle to +!2LSB in
600ns unipolar and 1.1ps bipolar. The DAC output capacitance,
which acts as 3 stray capacitance at the op amp inverting inpur,
must be compensated by a feedback capacitor. as shown. The
value should be chosen carefully for each application and each
op amp type.

Fastest operation will be obtained by minimizing lead lengths,
stray capacitance and impedance levels. Both supplies should
be bypassed near the devices; 0.1uF will be sufficient since the
ADS561 runs at constant supply current regardiess of input code.

POWER SUPPLY SELECTION

The AD361 will operate aver 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 detecmines the digital threshold level,
as explained on page 4 and shown in Figure 1. It is thercfore
recommended that V¢ be connected directly to the digital
supply for best threshold match.

Positive output voltage compliance range is unaffected by the
pusitive supply level because of the open collector output
stage desig... hvus the full 10 volt comphance s available even
with a +5 volt V¢ level. Power supply rejeci:n, 1s excellent,
so that digital supply noise will not be reflected to the output
but use of a 0. TuF bypass capacitor near the AD361 15 recom-
mended for decoupling.

The nominal negative supply level is -15 volts. with an allow
able range of -10.8 to -16.5 volts. The negatizz supply level
affects the negative compliance range. as showr in Figure 10
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OUTPUT VOLTAGE COMPLIANCE

The ADS61 has a typical output cor: .ince range from -3 to
+10 volts. The output current is unafiz_=d by changes in the
output teaninal voltage over that tangs 145 results from the
use of open coilector output switchir; »1:2¢s in a cascode con-
figuration, and gives an output imped:- .2 of UM, Pusitive
compliance range is limited only by ¢ .zcz0r breakdown (and
1s independent of pusitive supply leve | but the negative range
is imited by the required bias levels 2- 2 rosistor ladder voltage.
Negative compliance varies with nega: .= supply, as shown in
Figure 10. The compliance range is gu:-:nteed to be -2 to +10
volts with Vg = -15 volts.

]
: lout =0
: -
s -3 /(
O <
ow
¥ 3 ? louy » -2mA
<>
=
ol -1
7}
-
Z
T . v
-10.8 -*3.165

NEGATIVE SUPPLY, /g - Voin

Figure 10 Typical Negative Compliz~ce Range Vs. Negative
Supply.

DIRECT UNBUFFERED VOLTAGE OLUTPLT

The wide compliance range allows direct current-to-voltage con-
version with just an output resistor. F zure 1 shows a connec-
tion using the gain and bipolar outpus esistors to give a £1.66
volt bipoiar swing. In this situation, t-¢ digital code is comple-
mentary binary. Other combinations 7 internal and external
output resistors (Rx) can be used to scale to alternate voltage
ranges, simply by appropriately scalir; the 0 to -2mA unipolar
output current and using the 2.5 vol: rzference voltage for
bipolar offset. For example, setting Ry = 2.5k(2 gives a £1
volt range with a 1k2 equivalent outzut impedance. A 0 to
+10 voit output can be obtained by cannecting the Sk gain
resistor-to 9.99 volts; again the digita’ code is complementary
binary.

‘b
2 16 00 &
3 126R01
14 Sam -4
45V +<' 1'
(P 28v
T .
ADS61 Your
1o P
3 Sk
<15V — 9
1350060 06 00 o 4 $

Figure 11 Unbuffered Bipc :r Voltage Output
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HIGH SPEED 10-BIT A/D CONVERTERS

The fast setrling characteristivs of the AD361 mahe it deal for
high speed successive approximat.on A1 converters. The inter-
nal reference and trimmed apphication resistors allow a 10-tnt
converter system 10 be constructed with 2 minimum parts count
Shown here is 3 configuration using standard compunents; this
system completes a full 10-bit con.ersion in §.58s unipular oe
12us bipolar This converter will be wourate to 21/2LSK ot 10
bits and have a typical gain T.C. of 10ppm/°C.

In the un:polar mode, the system range 15 0 to 9.99 volts, with
cach bit having avaluz of 9.76mV ! or true conversivn aceu:
racy, an A’D converter <t auld be tr.mmed so thata given bit
code output results fro = -put levers from 1/21.SB belws tu
1/2LSB above the ey age wh.ch that code represents.
Therefore, the cons s pernt should be trimmed with an
input volinze of 3. 6m\V' i ) until the LSB just begins to
appear 1n the ouiput code (a other ugs '07), For full scale,

use anInpuivoitage of - 99935 volts (10 volts — TLSH - 1/20.S8);

then trim R agzin uru! the LSH just begins to appear (all
other bizs "17).

The bipo.ar signal rarge is 3.0 to +4.99 volts. Bipolar offset
trimmirng is done by apply:ng a +3.9mV input signal and trim-
ming R for the LSB transiuon (MSB 17, all octher bits “0").
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Full scate is <t by applying -4.995 valts and tnmming K for
the £.885 100 wrion (ult other buts “0™). I many applications,

the pretr i.7ed application resistors are sufficiently accurate

that extern:t trammers wilt be unnecessary, especially in situa-
tions reguir. 2 less than full 10:bar $%41L.SB accuracy.

For fastesr criration, the nnpedance at the comparator sum-
mang noss s be minimized, as mentioned in the section un
setthng vue However, lowenng the impedance will reduce the
voltage s 2nal ta the comparator (at an cquivalent impedance
of 15§20 1156 = 2m\V') to the point that comparator perfor-
mance v L be saenficed A TKE resistor is the optintum value
for this zoplication for 10-bat accuracy. The chart shown in the
figure g1 -5 the speed of the ADC for £1/21.8B accuracy (and
no massig o lov) fur 6, 8 and 10 bit resolution.

A muck ©cur comverter can be constructed by using higher
pertonmatoe externl components, Each individual high-order
bit settles i, 'ess than 25Uns, the low-order bits [ess than 200ns.
Because f thoy, o stuged dnck which speeds up for lower bits
will imptove the speed. Also, a faster comparator and Schottky
TTL or £ECL 'ogic would be necessary. 10-bit converters in the
3 to Sps r2: ge could be built around the ADS61 with these
techniques
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Figure 12. Fast Precfsion Analog ro Digital Converter

DIGITAL 4 TO 26mA OK 1 TO 5 VOLT CONVERTER

A direct digital + to 20ma or 1 to § volt line driver can be
built with the AD561 as shown in Figure 13. The 2.5 volt
reference is divided to provide 1 volt at the op amp non-
inverting input — thus 2 zero input code results in a 1 volt out-
put at the Darlington ern:tter (Voyt)- The 2k feedback cesis
tance converts the nominal 2mA (220%) full scale output from
the AD561 to 4 voits, for a total output of S volts F.S. The
voltage at the emitter forces a proportional current through
the 25002 (which appears at the collector as Igy). The
AD561 current is addzd 1o the 4-20mA line; thus 5 volts full
scale gives 22mA in the current loop. For exactly 20mA, trim
the 1k pot for 4.5V F.S. (A single up amp circuit will not pro-
duce both 1 to 5 volt and 4 to 20mA outputs simultancously.)

wat
aoast

v o—1
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Figure 13. Digital 4 to 20mA or 1 to 5 Volt Line Driver
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DIGITALLY PROGRAMMABLE SETPOINT COMPARATOR
Figure 14 demonstrates a high accuracy systems-oriented set-
point comparator. The 2.5 volt reference is butfered and ampli-
fied by the AD7H1K to produce an exact 10.000 voit reference
which ¢ ald be used as a primary system teference for several
such citeuits The +10 volt compliance of the ADS61 then
allows 12 to generate a zero to +10 volt output swing through
the 5k application resistor without an additional op amp. The
digital c. de for this system will be complementary binary (all
1's give + 00 volts out).
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Figur- 1.3, Dugitally Prograrnmable Set Point Comparator
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LM108BA/LM208A/LM308A
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Al perational Amplifiers
a3
LMI10BA/LM208A/LM308A operational amplifier
general description
The LM108A, LM203A and LM3I0D3A are pracision » Offset current less than 400 pA over ternpera.
operational amplifisrs having specifications sdout ture
a factor of ten better than FET amplitiers over ® Supp! t of only 300uA. even i
their operating tzmperature range. In addizion to u‘::r:'iyonm"m of oaly #A, even in
low ingut currants, thess davices have extremaly .
low offsat voitage, making it passiole 10 eliminate ® Guaranteed § uV/°C drife.
offset adjustments, in most cases. and obiain
performance approsching choppsr stabiriized
amplitiers. The low current error of the LM103A serias makes
. . possible many designs that are not practical with
The devices operate with supply “m"'_ from conventional amplifiers. (n fact, it operates from
22V to £20V and have s_un-mm supply rejact.on 10 MS] source resistances, introducing less error
t0 use unregulated supolies. Although the girsuit is than devices like the 709 with 10 k< sources. Inte-
interchangeable with and uses the same compensa- grators with drifts less than 500 yV/sec and analog
tion a3 the LMIO0IA, an Jlternate compansation time delays in excess of one hour can be made
schame can be used tu make it particularly insensi- using capacitors no larger than 1 uF.
tive to poveer supply noise and to make supoly
bypass capacitors wanecessary. Outstanding crar- The LM208A is identical 1o the LIA108A, except
scteristics include: that the LM20BA has itz performance guasranteed
over 3 -25°C to 85°C temperature range, instead
® Offset voltage guaranteed less than 0.5 mv of -55°C to 125°C. The LM30BA has slightly-
® Manmimum input bias cureent of 3.0 nA over relaxed specifications and has its performance
temperature guaranteed over a G°C 10 70°C temperature rangs.
connection diagrams * Ouettntine
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LM108A/LM208A compensation circuits 2
absolute maximum ratings Sandsrd Compenmtion Cicurt 3
\ 0
0L e >
Supcly Voltage 20V . :;" l'\'
Power Dissipation (Note 1} 500 mW B g
Differential input Current (Note 2) 10 mA N
oyt Voltaga (Note 3) 215v o
Quiaut Short-Circuit Duration . Indahinite Atternate® Frequency Compensation ©
Coerating Temperature Range LMIOBA ~55°C to l?S:C ~ ~ >
LAM208A -25°C1085°C s areptan s g ~
Storaze Temperature Range +65°C to 150°C wirerrwipsturmetiva | £
Lead Temperature (Soldering, 10 sec) 300°C <
[
electrical characteristics (Note ) g
PARAMETER CONDITIONS MIN TYP MAX UNITS >
Inzut Ctiser Voltage Ta*25°C 03 05 mv
inous Oiset Current Ta=25'C 005 02 nA
inout ias Cyrrant Ta =25°C 08 20 nA
1~pct Raustance Ta=25°C 30 70 [J]¢]
Sucoly Current Ta=25C 03 06 mA
Larze Signat Voltage Gain Ta »25°C, Vg = 215V
Vour * 10V, R > 10 k(2 80 300 VimV
Iaput Otfset Voltage 1.0 mv
Average Temoerature ,
Coeficiant of Input
- Otset Voitage 1.0 50 pvI®C
| Inout Offser Current 0.4 nA
Average Tomperature
’ Costticient of Input
Ctisar Turrent : 05 25 pA/°C
3 Input Sias Current 30 nA
Supply Current Ta = +125°C 0.15 04 mA
Large Signal Voliage Gain Vg = 215V, Vgur = 210V
o Ry 2 10 k2 40 Vimv
1 Output Voltage Swing Vg = 215V, R, = 10 k2 213 214 \4
b Input Voltage Range Vg = 215V £135§ v.
Common Liode Rejection 96 110 J8
Ratio e
¥
Supply Voitage Rejection 96 110 d8 < l
Ratio }
1]
| Nor; 1: The maximum junction temperature of the LM 1084 s 150°C. while that of the LM203A is . : :‘
t 100°C. For operating at elevgted temperatures, devices in the TQ-S package must be derated based on . ; !
i 8 therrmal resstance of 150 CAY, junction to srdrent, or, 45 C!'W, junction to case For the tiar +
package, Ive derating is based on » thermal resistance of 185 C/W a™en mounted on » 1/16-inch thick g
‘ #poey 5818 Doard with tea, 003 1nch.wide, 2.0unce LODORr conr sztors The therma) resistance of the 3.
dual-in-ling package is 100 CAY, junction 1o amd-ent 3
Note 2: The inputs are shunted with back 10-bazk chodes for cve-vo'tage protection Therefore, o
excessve current will flow if & d.Merentiat input vO'Tage 14 eecess of TV 13 3pot-ed between the wnputs &~
uniess some hirmiting renstance s Jswed ..
. Note 3. For supply voltages less than 215V, the absolute mas m_ m mput voitage 13 eaudl to the ‘_‘)‘
o'y voltage. g
Note 4 Trese specifications apply for 25V < Vg < 220V ang -55°C < T, < 125°C, untess other- . o
e lDOcv'-'d,, With the LA'203A, howaver, 31 tempera‘ure 10ocificat.ony gre limited to Gf

-3 CET<85C.
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LM108A/LM208A/LM308A

cugmnn

LM308A

absolute maximum ratings

Supply Voltage 18V

Power Dissipation (Note 1} $00 m\v

Ditterential tnput Current (Note 2) 10 mA

Input Voitage [(Note J) 215V

Output Short-Circuit Duration Indefinite

Operating Temperature Range 0°C 10 70°C

Storage Temparatura Range -65°C to 150°C
. Lead Temperature {Soldering, 10 sec) 300°C

electrical characteristics (Note 4}

perstures, devices in the TQ-5 oackage must be Cerated based On 8 thermat retistance of 1850 Cmw,
junction to embient, or 4% C/W. junction to cove. For the 1t pacliags, the Cerating is baved on
thermal retistance of 185 C/W when mounted on 8 1/16-inch-thick epony glats bowd weih wn,
OO%MGM' 2ounce cooper conductors, The thermal sesistance of the dust-imhing pachage b
100 C/W, junction 10 embrent.

Noto 2: The inputy oo shunted with Beck todeck dodes for ovenoliage proiection. Therefors,
entetsive current will low Hf o difleventia! input voltage in emcess of 1V is spphed Detween the inpute
wniess s0me fimling resittance is weed.

Note J: For supply valtages tass than 215V, the adiolute mamimum input vitege is squal 10 the
pply voltege.

Mote 8: These wecilcotions opply for 23V < vg <218V snd 0°C T, €70%C, untens orherwim
wecilind.

PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Oifset Voltage Ta=25°C 03 0S mV
input Otfset Current Ta=25'C 0.2 1 nA
Input Bias Cusrrent Ta = 25°C 15 ? nA
input Resistance Ta=25°C 10 40 3]
Supply Current Ta=25°C, Vg = 215V 0.3 [ X ] mA
Large Signal \iolug' Gain Ta®25°C, Vg = 215V
Vouy ® 210V, R 2 10k &0 300 VimV
tnput Otfset Voltage 0. mv
Average Temparature
Coelticient of input
Offset Voiuge 10 50 w/'c
- aput Offset Current 5 [V
~Average Tempersture
Coefficient of Input
Oftset Current 20 ° s
Input Biss Current . 10 aA
Large Signal Volt;gc Gain V3= 215V, Vgyuy * $10V
R 210k 60 Vimy
Output Voltage Swing Vg = 215V, ft, = 10k} 113 214
Input Voitags Range Vg = 218V 24
Common Mode Rejection ] 10
Rstio
Supply Voltage Rejection -] 110 o8
Ratio
Note 3: The i § 0 u of the LM3I00A is 95°C. For 0perating st slevated tev
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general description

Tra (M7 a-d L*741C ar= general purpose
op:rational 3=’ ‘izrs which feature improved per
formanse Gvar 1=2uitry standerds hice the LMT709
Thay are direct. Piugin replacements for the
799C, LM201, MC1439 and 748 ~ mos:

acp'ications
.

The otfse: v0ta3¢ and offwt current are guaran:
1220 ovar tae entire common mode range The
amphl:ary also offa many features which make

Operational Amplifiers

LM741/LM741C operational amplifier

thewr apphzat.co neyrly foolproof.

‘tection on tm2 .~zut and output, A0 latch up when
the common msoa ra~ge 15 exceeded, 3> well a5

freedom trom oicillatwns

The LM741C .5 dentical 1o the LM731 except
that the LM72:C hy, 1ts performance guaranteed
over a 0°C 13 70 C weinperature range, instead of

-55 Cro 125°C.

ovetiowd pro
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schematic and connection diagrams
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Lag absclute maximum ratings
; Supmiy Voirage LM74Y 1
LV (37 P
~ Poae Dvinpator ety 1) 00 ma
2 Ditteryrt 84 (ADN! ¥ 310 oV
] nout Vaitage vae P (3117
Ouitut Sreet T ot Duraron e det. e
Onerarng Tomomisce Renge LV741 -85 Cre 128°C
Larerc 0CwNC
v -85 Cwi%C
Qeng 10 wer 33 C
electrical characteristics Note 3)
ey LN28YC
bosazavgren CONDITIONS T T [ wax s T 7ve [wax [ ¢
Ingut Ovhwe Voirage Ta®25°C. g5 10a12 1X:] $3 10 (1] -y
g GMeet Cregnt Taon'°C » bl A » 1200 [}
hout 3.8 Curmvene Ta*28°C W0 | ¥G 200 | %00 A
tngat Bessionce Yo" »'C 03 (X] o3 " [
Swooky Corome Ta=B'C vye 218V 177 28 t7] a8 LY
N
Lrge S Veitays Gann Vot 2WC vy e 2lSV H
Vour® 10V Ry > 24i2 0 |ree . 3 |0 vmv
Ingat S Voltage Ay <0802 49 s -V
3 Innt Otupe Curront (5] 00 A
tront Sum Covent 1) os »A
4 Lr3e Segras Veiugs Gom V3 * 218V, Vour * 210V .
L% 11 » 1) vmy
Outawt Vortump Swng Vg o 215V W, = 10182 12 *14 212 (311} v .
Lt 2xft 310 (13 ] 10 |3 v
W Varse Renge Vgt L9V "2 "2
] Camean toady “
" - My € 10802 o | % n |w - .
Susow Versm 3 .
E oot on Yap Ry <1082 ” % ” ”* ' -« ;
] Note 1: The i of the LM?41 is 150°C, wh.ls that of the LMT41C is
) 100°C. Far opsraning at ‘elavated temperatures, devices in the TO-S na:km must be derated based on
} 8 thermal resstance of 150°C/W, junction to cese.
P! Note 2: For supply voltages fesy than £15V, the absolute menimum nput voltsge is equal to the
‘ n20ly vorege. :
' Note 3: Thew specifications apply for Vg = 215V and -55°C < Ta < 125°C, unless otherwise |
i I Wecihed. With e LM41C, L 91 3pRcitications e Limited 16 0°C € To < 70°Cand Vg =118V,
: i
! |
d i
4 i
1
i
j i
{ 4
k I .
] (
h ! ‘ .
A
9
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