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April 11, 1984

10816 Northridge Square, Cupertino, California 95014
(408) 749-8330

Dear Signal Conditioning Board Customer,

By now you have received your signal conditioning board kit, We opted to
ship the board "short" a few parts so you could start reviewing the information
packet and begin building the board.

We noted the parts that are missing on a "backorder siip" that was enclosed
with your white invoice copy in an envelope on the outside of the original
shipping box. In general, the parts that are missing are:

26 pin right angle headers
10 pf disc cap

1 uf 50V ele cap

4532

MC3403

78L05
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We've sent some of the parts listed above in the envelope accompanying this
Tetter. Your new backorder slip is enclosed and should show the parts still
due. If you were originally short a part that is not noted above, this too,
should appear on the new B/0 slip.

Also enclosed is a "bill of materials" list. Hopefully, this may be easier
to read than the parts 1ist that was originally included with the information
packet.

Some people have called to ask about the .1 ohm sense resistors that are not
included in the kit. We note the suggested value but this really depends

on your application. They are generally available in retail electronics
stores. You will probably be able to obtain them locally faster than we

could by ordering them through a "high order quantity" distributor.

(We have to deal with minimum order quantities, long lead times, etc.).

As a matter of fact, if anyone has a good source of them maybe they could

Tet me know so I can give the word to customers that have trouble finding them.

Please also note that one of the 14 pin header plugs and one of the 14 pin
IC sockets will need to be cut in order to fit into the twelve pin space
provided. (Ever wonder how we get a "six pin socket for the RC-8507?)

I think this may answer some of your questions I apologize for not being
more clear originally. Please be assured that just as soon as the backordered

parts become available you will receive them. If there is anything else I
can do, please call me or Tim Malm (our new customer service representitive).

73,

cgquEfHAXF



Hello:

Just in case you didn't notice (yet), the silk screen
designations for the voltage reguiators Q1 and Q2 are
backwards. Simply install them turned around from
what you would expect. If you've already blown
something up, let us know and we'll replace it for you.

73
Ed



Signal Conditioning Board Documentation

Introduction

he aAdvanced Computer Controle Signal Conditioning board is
a general purpose accessory board for use with the RO-850
repeater controller. It provides the following functions:

- NMarious analog signal conditioning circuits to
provide input to the fourteen undedicated "talking
meters” on the RO-850 Voice Respornse Telemetry
board.

- Friority encoder to allow automatic selection of
courtesy tones based on signal strength, freqguency
error and supply voltage source.

— Dial tone detector for use with the autopatch.

- NMOX comparator for VUOX access.

The analog signal conditioning circwite include & nolse
tilter and rectifier to measuwre guieting, +Filters and
amplitiers to measure freguency error, three high accuracy
temperature Sensors, two cwrent sensors, four voltage
divider /butfer circuits to scale signals down, five
amplitier/butter circuits to scale signals up, and two
accurate voltage dividers for direct voltage measuwrement.

P o

Becausze of the versatility and generality of this board and
its "add-on" nature, quite a bit of configuring is required
to set up a fully functioning measuwrement system. Howewver ,
a minimum set—-up 18 quite simple. Note that the board
provides twenty sign&l conditioning circuits +or the
fourteen analog input channels to allow flexibility in the
types of signals and meters used.

Installation

The signal conditioning board should be assembled by
retering to the parts list, schematic diagram and component
numbering on the board itsel+f. Electrically, it is
cormected in-line in the arnalog input cable between the
Voice Response Telemetry board and the analog input
connector. It may be mounted either in the cabinet on top
of the WVRT board or outside of the cabinet for easier
contiguration changes. Note that several of the signals on
the analog connector have been redefined as shown in Table
I. In addition, any of the analog channel pins on the
connector may be configured, through the jumper sets H1l and
H2, to connect to any of the analog channels and may be
reassigned very easily.

The only necessary modification to the existing repeater
controller is to get +12 volts to the board via pin 1 of JZ.



Thie can be dane most easily by comnecting a Jjumper between
pirt 1 of JZ2 on the VRT board (which connects to pin 1 of Ji
o the =zignal conditioning board)  and the +12 volt supply
at the positive side of C20 on the VRT board.

For- Yir eperation, pin 1 of J3% (the pin closest to the
cornnectors) must be conmected to pin 1 ot Ul7 on the main
controller board. For operation ot the dial tone detector,
pine & of Ji3 must be connected to pin 7 of UG on the phone
board. These connections may be made with thin pieces of
wire tack-soldered in place. With the board installed, the
autopatenlh will wait tor & dial tome before dialing, thus if
this connmection is not made the auwtopatch will never dial
the telephone. This can be circumvented by not installing
W and K4 on the signal conditioning board.

For the courtesy tone selection to work omn power supply
failuwe, pin 3 of J3 must be connected to the normal power
supply (as oppposed to the backup supply) betfore the diode,
1.2. at the banana jack on the back panel of the RC-850.
Foar the courtesy tone selectionm to work at all, the UT
cutputs of the signal conditioning board (pine 5, 7 and 11
of  J¥) must be comnected to the UT dinputs on the digital
cornnector of the main controller board (pins &2, 1 and 14).

Configuration

The main configuration required for the signal conditioning
board to function is the comnection of the appropriate
iuwmpers  in the  dumper sete Hl and H2. The Jumper
connections can be made with wire-wrap or with Jjumpetrs made
from any connectors which will +it over standard wire—wrap

Using Tables 1 and 11, & pin to pin Jjumper list can be
created. For example, to connect a high ACCUFA&CY
temperature meter to channel 13 and the sensor for the meter
to analog connector pin 3, we would connect a Jjumper from Hl
pin 3 to pin 32 and another from HZ pin 7 to pin 34, Note
that, at most, there will be fourteen Jjumpers in each set so
some pins will be left empty.

Some of the connections to the sensors require special
considerations. Note that the noise and frequency error
circuits have the same input. This input should be
connected directly to the discriminator output of the
repeater receiver (or any other receiver for that matter,
however the input must be taken before any filtering). The
temperature sensor transistors are connected between the
circuit input and ground as shown in Figure 1. The current
sensor resistors are connected in line with with the
positive side of any power supply as shown in Figure 2. The
lower voltage side of the resistors are connected to one or
the other of the current return lines (pins 9 and 13). The



board relies on DO signal strength and DU deviation signals
trom the receiver and the general scaling circuits canm be
used to implement these meters by connecting the signals
appropriately. Note that a deviation sigmal may be created
from the discriminator output signal by means of the circuit

shown in Figure 3.

The eselectable resistore (RBO-92) are chosen to provide the
appropriate gailn adiustment range +for the various amplitier
circults. Their functions are tabulated in Table 3. Fedtar
to the operational amplifier tutorial zection o
intormation on setting the gain of op amps. Jumper JdJUl is
set according to the discriminator output of the repeater
Fecelver. I+ the DC level of the discriminator increases
tor & frequency above the center frequency, the Jumper
should be& between the two pins closest to the connectors
tpins A and B, I+ the output is inverted, the Jjumnper
should be between pins B and C (closes=st to the
potentiomneters).

After the board 1s configured, it is suggested that it be
tested as fully as possible before it 1s installed at the
repeater site, by simulating input signals and observing the
outputs,

Adjustment o
Table IV lisgts the functions of each of the potentionmeters.
The general scaling pots should be adiusted until the meter
reads correctly. This includes the pots in the temperature
and current sensor circuits. All of these adjustments are
really just calibrations of the meters. Note that K102 and
103 1n the current sensor circuits are zero-adjustment pots,
while R100 and 101 are the scale calibration pots. R117
adiusts the dial tone detector and should be set so that pin
8 ot Ul is low when & dial tone is present. A middle range
setting should be found to ensure reliable detection. R73
and 94 set the allowable frequency error window for the
courtesy tome selection and F25 and 96 set the signal
strength levels for the courtesy tone selection. These pots
should be adjusted so that a strong, centered signal selects
tone number one. A scope or voltmeter should be used to
adjust the threshold levels relative to the signals
available from the receiver. The exact levels for selection
is up to the operator and will depend on the environment in
which the repeater is used and the variety of equipment of
its users.

Many of the specific metering applications have been
discussed in the Metering Notes sections of past issues of
ACC Notes. These notes are reproduced here for easy
reference along with a tutorial on opertational amplifiers.
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METERING NOTES: TEMPERATURE SENSORS. The RC-850 controller allows placing
temperature sensors at various places at the site to allow remote synthesized
speech readback of temperature. Points of interest might be outside temp,
temp inside the building, PA heatsink temp, temp inside the cabinet, etc.

Temperature metering is based on the National LM335 Precision Temperature
Sensor. The LM335 is electrically 1ike a zener diode, with a precision
temperature/voltage characteristic. The simplest hookup is with a resistor

to a voltage source, to provide current flow through the sensor. The voltage
developed across the sensor represents the temperature, with a change of about
5 mV per degree F.

Addition of an op amp circuit can increase the level of signal available, making
possible a higher accuracy reading with less resolution required in the
measurement circuitry.

The RC-850 controller includes two temperature meter faces, which match the

two circuits below. Either of the meter faces can be assigned to any or all

of the analog input channels. Assign the Temperature or High Accuracy Temperature
meter faces to the appropriate channels using the Meter Face Assignment
configuration commands. Temperature can then be read back with user commands

(VRT prefix)(channel#). If the VRT prefix is 8, and temperature sensors are

on channels 8, 9, and 10, then commands 88, 89, and 810 read back the temperature
in degrees F with synthesized speech.

A built-in sensor on the VRT board in the simple circuit configuration allows
readback of internal temperature on channel 15.

The LM335 is available in a plastic (LM335Z) and metal (LM335H) transistor
package. If sensing the temperature of a heat sink, the metal package is better
because it is easier to thermally couple.

The LM335Z is available from Jameco (415)592-8097, and Digikey (800)346-5144
for about $1.50.

+12V

+12V

10K

—~— TO METER INPUT

LM335 e .1

TO METER INPUT

~3V

+Vreg —W --‘\M»—AM;



2/83

METERING NOTES: S-HETEd. The RC-850 controller allows users to read back meter
readings in synthesized speech. One of the meters which can be read is the
receiver's S-meter, allowing users to check their signal strength into the
repeater.

An S-meter signal voltage from the receiver can be applied to one of the
controller's 16 analog inputs. The S-meter meter face can be assigned to the
input selected, so that readback of that channel is in S-units. The S-meter
signal is measured by the controller approximately one second into each user
transmission. The measured value is stored in memory, and if the user requests
an S-meter reading, the stored value is read back in S-units.

The meter voltage should be scaled to match the 0-5 volt input range of the
controller. If the voltage is too high, it can be scaled down with two resistors
as a voltage divider. If it is too low, it can be amplified with a simple op amp
circuit.

The controller's analog inputs should be driven by an impedance of less than
about 10K. As an example, the Spectrum SCR200 receiver S-meter output (which
has a resistor in series) can connect directly to the controller's input, with
a 10K resistor to ground. .

0 0 ShCPEUS 60
SO TO S9 PLU - - — = _—_ —_- —
RESOLUTION: 1 S-UNIT, 1008 ecR-200 | I RC-850
{
S9 WK | '
A A ANALOG INPUT
S-METER| |
50 oUTPUT 10K

3
0 INPUT VOLTS 5
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METERING NOTES - POWER. The RC-850 Repeater Controller is available with /

synthesized speech "Talking Meters". Up to 16 meters can be read remotely, over
the air or over the phone, in response to Touch-Tone commands. "Meter Faces"
defined in the software for different types of measurements may be assigned to
each analog input, so readback is in appropriate measurement units.

Five meter faces are available for power, with full scale values of 8, 16,
32, 64, and 128 watts. Resolution of readback is one watt. Remote readback of
RF power from the repeater site helps diagnose System problems, such as trans-
mitter, power amp, feedline, or antenna difficulties before going to the site, so
that you can go prepared. It also permits you to evaluate SWR during different
weather conditions, and so on. You can monitor the repeater's transmitter, 1ink
transmitters, and other RF equipment at the site.

Power is different than other types of measurements in that meter deflection is
not linearly proportional to power level. The scale is expanded out at the low end,
and crowded in at the high end. This is largely due to the fact that power is
proportional to voltage or current squared. There are other non-l1inearities in the
meter's sensing circuits which contribute additional non-linearities in the scale.

The power meter faces in the RC-850 Controller are based on a power proportional
to voltage squared relationship. The figure below shows the curve of power versus
meter deflection with the 850's meter face, and a Daiwa CN-550 wattmeter as an
example. The match is sufficient to allow valuable power readings, accurate to a few
percent, allowing monitoring of system performance. Remember that 1 db error is
26%.

As an actual interface example, we'll show how to interface the CN-550 140-250
MHz dual needle meter to the RC-850 Controller. The CN-550 has its sensor mounted
in a shielded enclosure, with rectified dc output for forward and reflected power
available at two feedthrough capacitors, which drive the meter movements through
adjustable resistors. The dc voltages at the feedthroughs can be tapped to drive
op amp circuits to increase the levels to match one or more of the power meter faces.

Resistors are selected based on the power level of your system to provide 0-5
volt dc levels to the controller's analog inputs, and should be adjusted for accurate
reading at the normal power level. You might want to drive two different meter
inputs for reflected power, to allow accurate readback of both normal (small)
reflected power, and a higher full scale face in case of antenna problem, without
causing the reflected power meter face to “pin".

Ha

TO RC-850 AMALOG INPUTS
——_F%—’— FORMARD POWER METER FACE 100
. 72' I'Mu meter
’ a-i Ra 7R3 GAIN » R2 ¢+ R3  RESISTORS SHOULD BE =* RC-850 power
g:,'_;';v TRT IN RANGE FROM 1K TO POWER L——* meter fsm
r\ 100K (g of Full 50 (P=DEFLY)
. NORMAL HIGH SEMSITIVITY Scale) “— 5
REFLECTED POWER METER FACE
ot e
~ 0 S0 190
METER DEFLECTION (S
HIGHER READING )
ugnsgm POWER METER FACE
W (FOR FAULT COMDITION)
1 POVER POMER
0 T0 7 WATTS S 0 T0 127 VATTS
RESOLUTION: 1 WATY RESOLUTION: 1 WATT
2 4.5 C C, O u 72
0 8 12
. 3 . ¥ 3 s
) INPUT YOLTS s ° INPUT YOLTS s
APPL ICATIONS: APPLICATIONS:

REPEATER FORMWARD AND REFL. POWER
LINK FORNARD AND REFL. POMER

REPEATER FORMARD AND REFL. POMER
LINK FORWARD AND REFL. POMER



METERING NOTES— QUIETING. The RC-850 Repeater Controller has the
ability to read back in synthesized speech various meter readings from
the repeater site. Readback is in response to Touch-Tone commands
entered by users over the air or over the phone. Sixteen analog
inputs may be measured, with readback in actual units appropriate for
the measurement type.

One of the controller’s "meter faces" is for quieting, with readback
as O to 100 percent, with a 1 percent resolution. Readback of
quieting to users is valuable for checking how well one is getting
into the repeater before making a patch, for comparing antennas, etc.
Since quieting resolution is much greater than S—-meter readback,
particularly when it really matters, it can provide very sensitive
readings for equipment comparisons.

When no signal is present, the FM receiver discriminator contains
broad band audio noise. As a carrier present increases in strength,
the level of the noise decreases until the receiver is fully
"Quieted”. Measuring the level of noise present on a signal gives the
degree of quieting.

Since the discriminator contains the intended base band audio signal
as well as some level of broad band noise when a signal is present,
a Quieting measurament circuit should filter only relatively high
frequency noise so it isn’'t fooled by voice audio.
can then be rectified to form a dc voltage which may be measured by
the RC-850 controller to read back quieting. 8Since a noise
filter/reactifier is a fundamental part of all noise operated squelch
circuits, most of the circuitry may already be present in your
receiver. It may only be necessary to boost the dc voltage to match
the controller’s 0-5 volt input range. Otherwise, the discriminator
may directly drive a circuit easebheowssimmissgypy which provides band pass
noise filtering, an "ideal" rectifier, and scaling circuit.

The controller’s mater face, shown below, reads in inverse percent
from 100 to O. The actual measurement is made by the controller at
one sacond into each new user transmission, so it’s necessary to key
down at least ons second when requesting a quieting measurement
readback.

Readback of quieting, as well as S-meter, frequency error, and
deviation provide user signal diagnostics. Other meter readback
provided by the RC-850 controller, such as voltage, current, power,
wind speed/direction, and temperature permit remote monitoring of
equipment and conditions at the repeater site.

04 QUIETING wx
100 TO O PERCENT
RESOLUTION: 1 PERCENT

50 0
100
N 3,
0 INPUT VOLTS 5
APPLICATIONS:

REPEATER RECEIVER QUIETING
LINK RECEIVER QUIETING

7/83

The filtered noise



METERING NOTES -~ VOLTAGE AND CURRENT. The RC-850 controller allows 9/83
its users to read back various meter readings from the repeater site.
Readback is requested by Touch-Tone commands and is provided in
synthesized speech. Two of the many meter types supported in Version
2 software are voltage and current.

The 850 controller’s 16 analog input channels are capable of measuring
0-5 volt signals. The measurement is layed against the "template"
assigned to that channel, and the readback is made in appropriate
measurement units. A meter face for 0-16 volts, and 0-16 amps are
provided for voltage and current measurement.

Scaling of voltage levels to match the 0-5 volt measurement range is
easy ~ just a voltage divider composed of two resistors. Current is a
little trickier, but still only involves an op amp and a few
resistors. To provide a voltage proportional to current, a sensing
resistor with a true differential, or instrumentation, amplifier is
used. The output of the op amp is equal to the current times the
sensing resistor, times the voltage gain of the amplifier. The value
of the sense resistor that should be used depends on the maximum load
current, since the voltage drop across the resistor reduces the
voltage to the load. (ldeally, a power supply with remote sensing
capability would be used, with the sense return after the sensing
resistor. That way the voltage to the load would be independant of
current.)

The four resistors around the op amp should be | or 2 % metal film
types (these are available from RCA in bubble pack). Be sure that the
common mode input voltage range of the op amp will accomodate the
operating voltages that result from resistor/gain selection. For
example, an LM324 or LM3I58 operating at +12 volts and ground will
operate properly with input voltages between 0 and 10 volts (Input
Common—-Mode Voltage Range from data sheet). An example is shown below
for measuring current drain from a repeater power supply.

0-16V :
00 DC VOLTAGE . 0-16v
0-16 VOLTS
RESOLUTION: .1 VOLT u.;/vc ]
1%
T0 METER
T0 METER
SaK INPUT INPUT
%
0 14 !
1 INPUT VOLTS '
0 L 5 10 WATT REPEATER
APPLICATIONS: . MAX CURRENT DRAW = 3 AMPS
PPLY
:2TTERVVSSI¢2§: : SELECT RSENSE = .1, 5W
INTERNAL REGULATED YOLTAGES Vo wax = -V
GAIN NEEDED = 3.125+(5 . 1
(rs X m)
01 DC CURRENT
RESOLUTION: .1 AWP _'g::so R . RT R1= 10.0K
- - "“ - e Mq
5 10 (I m
' 15 16 Mt = 2
0 . 2 3 H h-(“) z
0 INUT VOLTS g ), S Y (RsenseX1)
i TO METER INPUT
”:L;E:ng‘ts:&am DRAIN 2
EPEAT R2
XMTR/PA CURRENT DRAIN Vout= (gy)(Rsense)(1)

BATTERY CHARGING CURRENT
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Signal Conditioning Farts List

Capacitors -
# Value Notes # Value Notes
c1 0.1 mF Mmoo U 1
Lo i mF elec {F
c = 1 mF elec U3
C 4 o2 omk tant U 4
cC5 .47 mF mylar u 35
L & 0.1 mF MCres U b
| 1 wmF elec u 7 :
g 1 mF elec U 8 LMEZ4
Cc % 1 mF elec U 9 MEZ405
Cia O.1 mF monc 1o LMzz4
11 .00 mF disc
ciz QL) mF disc
I 0.1 mF M0 Miscellaneous
14 (.01 mF disc
15 C.1l mF disc H# Value Notes
Cise Q.01 mF disc
ci17 0.001 mb disc Gl 78L0O5 Regul ator
C1s 0.1 mF Moo 2 78L08 Fegulator
.00l mF disc
QL0001 mF disc CRO1 1N714 Diode
0.001 mF di=zc Cr & iN714 Diode
0,001 mF disc
Q.001 mF disc Jub 1 I opin Jumper
.001 mF disc J 1 26 pin Connector
.00l mf disc J 2 26 pin Connector
0.1 mF mono J 3 I opin Connector
QL0017 mF disc H 1 34 pin Jumper Hlook
Q.001 mF disc H 2 36 pin Jumper Rlock
DL 00l W disc
1 mF elec 2 .1 Ohm Current Sense Res.
Q.001 mF disc & LM =35 Temperature Sensors
A 0.001 mF disc
R Q.00E mF myvl ar
CE4 5 mF elec Notecs:
35 10 pF disc All 1% res. are metal film
Cié 0.001 mF disc "O" resicetance is a jumper
cx7 0.1 mF mono * is a suggested value only
g 1 mF elec Current sense resistors are
Cxy 1 mF elec precision, high wattage
c40 Q.001 mF *xx TV Metal film resistors should be
C41 0.001 mF *¥%¥% 5Y used ftor all op amp gain circuit
c42 1 mF elec *¥% Any type of precision

C47% Q.01 mF disc capacitor is fine
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Table 11

Inpot Function utput
H1 HZ
Fim # Firm #

1a Freog Error
1a Buieting
19 Scale Down
20 Soale Up
21 Srcale Up
Scale Up
SGrale Down
SQoale Down
Scale Down
Srale Up
Borale Up
Current

-y

.
F}
K

Current

Temnmerature
Temperatures
Temperatiure o

Velteane

£ Yoltage

Table 111

Selectable Funoction
FResi st or

et it

FOBG Current sensor 2 reange select
Foel Current sensor 1 ranges select
R ad Scale down range select

[ = Scale down range select

R B4 Scale down range select

R a%s Scale down range select

L Bé& Scale up gain range select

R a7 Scale up gain range select

F 88 Scale up gain range select

R 89 Scale up gain range select

R Q0 Scale up gain range select

R 91 ffuieting range select

R 92 Frequency error range select
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Table 1V

Function

Frequency error CT
Frequency error CT
Sigmal strength CT
Sigmal strength CT
Temperature sensor
Temperatuwe sensor
Temperature sensor

select upper
select 1ower
select upper
select 1ower
calibration
calibration
calibration

Current sensor 1 calibration

Current sensor

calibration

~y
Current sensor 1 zero adjust
Current sensor 2 zero adjust

Scale down adjust
Scale down adjust
Srale down adjust
Srale down adjust
Scale up adjust
Scale up adjust
Scale up adjust
Scale up adjust
Scale up adjust

fluieting scale adjust
Guieting input adjust
Frequency error zero adjust
Freguency error scale adjust

Dial tone detector

adjust

window
window
threshold
threshold
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EVERYTHING YOU NEED TO KNOW ABOUT OP AMPS
(AT LEAST TO GET STARTED!)

Although op amps are the most common analog function block,
they may seem like black magic until you understand a few simple
principles. We’ll try to summarize the basics of op amps here, and
vou should be an expert when you leave the page!

The important characteristics of op amps are:

1) Op amps have infinite gain

2) Op amps have infinite input impedance and draw no input current

3) Op amps have two inputs - inverting and non-inverting

4) Like everyone, op amps like to be happy - not saturated

%) To stay happy., the op amp would like the voltages at its inputs to
be equal, and as circuit designers, we’re willing to help (through
feedback)

The basic op amp symbol is a triangle, with the inverting (-)
and non-inverting (+) inputs on the left, and the output on the right.
The op amp’s basic goal in life is to be happy - to stay out of
saturation. If the op amp saturates, or bangs its head against the
the supply rails, it becomes useless in linear applications. Since it
has (almost) infinite gain, the only way the output voltage won’t be
infinite is if the two inputs are at exactly the same voltage (almost
infinity times zero is zero!).

—+

An op amp with feedback (output signal routed back around to
the inverting input) keeps out of saturation through a concept called
the "virtual ground”. This simply means that negative feedback from
the output to the inverting input forces the inverting input voltage
to equal the non-inverting input voltage. In many applications, the
non-inverting input is taken to ground, thus the name "virtual ground"
for the inverting input.

If the inverting input voltage happens to be higher than
ground, the output voltage drops, pulling the inverting input voltage
back down towards ground. If it happened to be below ground, the
output would rise, pulling the input up to ground. The point to
remember is that if the op amp is happy (i.e. not in saturation and
useful in a linear application), both inputs are held at exactly the
same voltage by the negative feedback.



Now if we remember that no current flows into the op amp
inputs, it's easy to understand how to calculate the gain of simple
inverting and non-inverting amplifier circuits. If one volt is
applied to R1 of the inverting amplifier, we know the current flowing
through R1, since the other side of the resistor is at "virtual"
ground - I = 1V/R1. Since no current flows into the op amp, it all
must flow through R2, creating a voltage across R2 of R2 % 1V/Ri. The
gain, or Vout/Vin, is then -R2/R1. See why its negative, or

"inverting"? AMA
K1 - RL
IVVERTIVG - 1Y AMA - 1
ov
Amp ( VIN) ? ‘-—( Vm"T)
oY + v ‘-&3'.
AN (8

In the case of the non-inverting amplifier circuit, we apply
the input signal directly to the non-inverting input of the op amp.
Again, negative feedback forces the inverting input to be at the same
voltage (although it"s not ground), so we know the current through
R1 - I = 1V/R1. Since no current flows into the op amp input, it all
flows through R2, creating a voltage of 1V/R1 x RZ. The output
voltage is the voltage across R1 plus the voltage across R2. The
gain, or Vout/Vin is therefore R1/R1+RZ2/R1, or 1+R2/R1. See why?

AMA
4 R R>

NON ~ |#VERT Ivé-
AMF v

; (Vo)
Vin) —
v wx (14 82)

All analysis of linear op amp circuits is based on these
principles. Feedback keeps the input voltages equal because of the op
amp™s infinite gain, and because no current flows into the op amp
inputs.

v

As one more example, we'll analyze the High Accuracy
Temperature Sensor circuit. The LM3ZE5 temperature sensor and its 10k
pullup resistor form a low impedance voltage source - the voltage at
the junction is (relatively) independant of the load current drawn
from the node. We know easily that the gain of the circuit is -5
(-100K/20K). The op amp inverting input (=) is not at ground, however
- it’s kept at the same voltage as the non-inverting (+) input by
feedback. The effect is to offset the signal voltage from the LM3IS,
as well as to invert and amplify it, in this application to match the
High Accuracy Temperature Meter Face. Stable metal film, 1% resistors
are recommended (except the 10K pullup) to keep the circuit stable
over temperature.

av
100K 1%
10K Wy
20K 1% L_
4 s T0 METER INAUT
~3Y

+Vreg -



Of course in the real world, nothing is perfect. The op
amp’s gain isn’'t really infinite but is very high - typically about a
hundred thousand. And its inputs don’t try to be exactly the same,
but may be pffset by a few millivolts. And the input current isn’t
really zero either, but might be a few microamps or so.

And inputs to the op amp must be within a certain voltage
range. If a voltage at either input is outside the op amp’s common
mode input range, in other words too close to the supply rails, the op
amp won’t function properly.
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