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Low Cost Low Power
Instrumentation Amplifier

AD620

FEATURES
Easy to use
Gain set with one external resistor
{Gain range 1 to 10,000)
Wide power supply range (+2.3 V to =18 V)
Higher performance than 3 op amp IA designs
Available in 8-lead DIP and SOIC packaging
Low power, 1.3 mA max supply current
Excellent dc performance (B grade)
50 pV max, input offset voltage
0.6 uV/°C max, input offset drift
1.0 nA max, input bias current
100 dB min common-mode rejection ratio (G = 10)
Low noise
9 nV/VHz @ 1 kHz, input voltage noise
0.28 pV p-p noise (0.1 Hz to 10 Hz)
Excellent ac specifications
120 kHz bandwidth (G = 100)
15 ps settling time t0 0.01%

APPLICATIONS

Weigh scales

ECG and medical instrumentation
Transducer interface

Data acquisition systems

Industrial process controls
Battery-powered and portable equipment

Table 1. Next Generation Upgrades for AD620

Part Comment

AD8221 Better specs at lower price

AD8222 Dual channel or differential out
AD8226 Low power, wide input range

AD8220 JFET input

AD8228 Best gain accuracy

AD8295 +2 precision op amps or differential out
AD8429 Ultra low noise

Rev. H

Information furnished by Analog Devices is believed to be accurate and reliable,
ponsibility is d by Analog Devices for its use, nor for any
infringements of patents or other rights of third parties that may result from its use.
Specifications subject to change without notice. No license is granted by implication
or otherwise under any patent or patent rights of Analog Devices. Trademarks and

H , no

registered trademarks are the property of their respective owners.
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CONNECTION DIAGRAM

Re E E‘Re

N E 3 s
+IN E E OUTPUT
~vs[¢] AD620 [5]Rer

TOP VIEW

00775-0-001

Figure 1. 8-Lead PDIP (N), CERDIP (Q), and SOIC (R) Packages
PRODUCT DESCRIPTION

The AD620 is a low cost, high accuracy instrumentation
amplifier that requires only one external resistor to set gains of
1 to 10,000. Furthermore, the AD620 features 8-lead SOIC and
DIP packaging that is smaller than discrete designs and offers
lower power (only 1.3 mA max supply current), making it a
good fit for battery-powered, portable (or remote) applications.

The AD620, with its high accuracy of 40 ppm maximum
nonlinearity, low offset voltage of 50 uV max, and offset drift of
0.6 uV/°C max, is ideal for use in precision data acquisition
systems, such as weigh scales and transducer interfaces.
Furthermore, the low noise, low input bias current, and low power
of the AD620 make it well suited for medical applications, such
as ECG and noninvasive blood pressure monitors.

The low input bias current of 1.0 nA max is made possible with
the use of SuperBeta processing in the input stage. The AD620
works well as a preamplifier due to its low input voltage noise of
9 nV/VHz at 1 kHz, 0.28 gV p-p in the 0.1 Hz to 10 Hz band,
and 0.1 pA/VHz input current noise. Also, the AD620 is well
suited for multiplexed applications with its settling time of 15 ps
to 0.01%, and its cost is low enough to enable designs with one
in-amp per channel.

30,000

>4
25,000 30P AMP
IN-AMP
(3 0P-07s)

20,000 / -

15,000

™
AD620A
10,000 | —_—r “

Rg;

TOTAL ERROR, PPM OF FULL SCALE

5,000 |

[3

0 5 “10 15
SUPPLY CURRENT (mA)

N
1
0750002

Figure 2. Three Op Amp IA Designs vs. AD620

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781.329.4700 www.analog.com
Fax: 781.326.8703© 2003-2011 Analog Devices, Inc. All rights reserved.
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AD620

THEORY OF OPERATION

8 10kQ
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W OUTPUT
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$R1 R23

+IN
-IN R3

R4
4000

& 400

Rg

- A= —
GAIN GAIN
SENSE SENSE

00775-0038.

..vs

Figure 36. Simplified Schematic of AD620

The AD620 is a monolithic instrumentation amplifier based on
a modification of the classic three op amp approach. Absolute
value trimming allows the user to program gain accurately

(t0 0.15% at G = 100) with only one resistor. Monolithic
construction and laser wafer trimming allow the tight matching
and tracking of circuit components, thus ensuring the high level
of performance inherent in this circuit.

The input transistors Q1 and Q2 provide a single differential-
pair bipolar input for high precision (Figure 36), yet offer 10x
lower input bias current thanks to SuperBeta processing.
Feedback through the Q1-A1-R1 loop and the Q2-A2-R2 loop
maintains constant collector current of the input devices Q1
and Q2, thereby impressing the input voltage across the external
gain setting resistor Re. This creates a differential gain from the
inputs to the A1/A2 outputs given by G = (RI + R2)/R¢ + 1. The
unity-gain subtractor, A3, removes any common-mode signal,
yielding a single-ended output referred to the REF pin potential.

The value of R also determines the transconductance of the
preamp stage. As Rq is reduced for larger gains, the
transconductance increases asymptotically to that of the input
transistors. This has three important advantages: (a) Open-loop
gain is boosted for increasing programmed gain, thus reducing
gain related errors. (b) The gain-bandwidth product
(determined by C1 and C2 and the preamp transconductance)
increases with programmed gain, thus optimizing frequency
response. (c) The input voltage noise is reduced to a value of

9 nV/VHz, determined mainly by the collector current and base
resistance of the input devices.

The internal gain resistors, R1 and R2, are trimmed to an
absolute value of 24.7 kQ, allowing the gain to be programmed
accurately with a single external resistor.

The gain equation is then

494k
G= +1
RG
49.4kQY
R; =
G-1

Make vs. Buy: a Typical Bridge Application Error Budget

The AD620 offers improved performance over “homebrew”
three op amp IA designs, along with smaller size, fewer
components, and 10x lower supply current. In the typical
application, shown in Figure 37, a gain of 100 is required to
amplify a bridge output of 20 mV full-scale over the industrial
temperature range of —40°C to +85°C. Table 4 shows how to
calculate the effect various error sources have on circuit
accuracy.
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ICL8038

Precision Waveform Generator/
Voltage Controlled Oscillator

Features

+ Low Frequency Drift with Temperature . . . 250ppm/°C
» Low Distortion ............. 1% (Sine Wave Output)
+ High Linearity ......... 0.1% (Triangle Wave Output)
+ Wide Frequency Range.......... 0.001Hz to 300kHz
» Variable DutyCycle .................... 2% to 98%
+ HighLevelOutputs .................... TTL to 28V

+ Simultaneous Sine, Square, and Triangle Wave
Outputs

- Easy to Use - Just a Handful of External Components
Required

Description

The ICL8038 waveform generator is a monolithic integrated
circuit capable of producing high accuracy sine, square, tri-
angular, sawtooth and pulse waveforms with a minimum of
external components. The frequency (or repetition rate) can
be selected externally from 0.001Hz to more than 300kHz
using either resistors or capacitors, and frequency modula-
tion and sweeping can be accomplished with an external
voltage. The ICL8038 is fabricated with advanced monolithic
technology, using Schottky barrier diodes and thin film resis-
tors, and the output is stable over a wide range of tempera-
ture and supply variations. These devices may be interfaced
with phase locked loop circuitry to reduce temperature drift
to less than 250ppm/°C.

Ordering Information

PART NUMBER STABILITY TEMP. RANGE (°C) PACKAGE PKG. NO.
ICL8038CCPD 250ppm/°C (Typ) 0to 70 14 Ld PDIP E14.3
ICL8038CCJD 250ppm/°C (Typ) 0to 70 14 Ld CERDIP  |F14.3
ICL8038BCJD 180ppm/°C (Typ) 0to70 14Ld CERDIP |F14.3
ICL8038ACJD 120ppm/°C (Typ) 0to 70 14 Ld CERDIP  |F14.3
ICL8038BMJD (Note) 350ppm/°C (Max) -55 to 125 14 Ld CERDIP  |F14.3
ICL8038AMJD (Note) 250ppm/°C (Max) 55 to 125 14Ld CERDIP |F14.3

NOTE: Add /883B to part number if 883 processing is required.
Pinout Functional Diagram
ICL8038
(PDIP, CERDIP) ° L5
TOP VIEW CURRENT
SOURCS COMPARATOR
#1 A A
SINE WAVE bt 1' 10 |_ -
Apgust L EI e 12' I |_
SINE COMPARATOR
wave ouT L2 i3] no Ciore #2
TRIANGLE SINE WAVE '
OUTE 2] ApsusT {
DUTY CYCLE E EI V- OR GND
FREQUENCY — S
ADJUST
=] 101 capaciTor SOURCE g FLIP-FLOP
SQUARE #2
L E 9 | wave out I o V- OR GND
11
FM SWEEP
et E 8 | input
SINE

BUFFER e > BUFFER '1" CONVERTER—l
s JLIL MW YV

3 2
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ICL8038

The levels of the current sources can, however, be selected
over a wide range with two external resistors. Therefore, with
the two currents set at values different from | and 2I, an
asymmetrical sawtooth appears at Terminal 3 and pulses
with a duty cycle from less than 1% to greater than 99% are
available at Terminal 9.

The sine wave is created by feeding the triangle wave into a
nonlinear network (sine converter). This network provides a
decreasing shunt impedance as the potential of the triangle
moves toward the two extremes.

Waveform Timing

The symmetry of all waveforms can be adjusted with the
external timing resistors. Two possible ways to accomplish
this are shown in Figure 3. Best results are obtained by
keeping the timing resistors Ry and Rg separate (A). Ra
controls the rising portion of the triangle and sine wave and
the 1 state of the square wave.

The magnitude of the triangle waveform is set at 1/3
VsuppLy; therefore the rising portion of the triangle is,

b o CxXV _ Cx1/8xVgyppry ¥Ry RaxC
1 I 022xV 0.66

SUPPLY

The falling portion of the triangle and sine wave and the 0
state of the square wave is:

Lo CXV _ CX18VgyppLy _ RaPRgC
2~ 71 ~ \ \ ~ 066(2R, —Rg)
2(022)-SUPPLY _ ., 'SUPPLY A~ PRg
Rg Ra

Thus a 50% duty cycle is achieved when Rp = Rpg.

If the duty cycle is to be varied over a small range about 50%
only, the connection shown in Figure 3B is slightly more con-
venient. A 1kQ potentiometer may not allow the duty cycle to
be adjusted through 50% on all devices. If a 50% duty cycle
is required, a 2kQ or 5kQ potentiometer should be used.

With two separate timing resistors, the frequency is given by:
1 1

066| '2R,-Rg
or,if RA=Rg =R
033 )
fi= BC (for Figure 3A)

Neither time nor frequency are dependent on supply voltage,
even though none of the voltages are regulated inside the
integrated circuit. This is due to the fact that both currents
and thresholds are direct, linear functions of the supply volt-
age and thus their effects cancel.

A\ | T\ | T

\ -

L~

AL

- =

FIGURE 2A. SQUARE WAVE DUTY CYCLE - 50%

FIGURE 2B. SQUARE WAVE DUTY CYCLE - 80%

FIGURE 2. PHASE RELATIONSHIP OF WAVEFORMS
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FIGURE 3A.
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FIGURE 3B.

FIGURE 3. POSSIBLE CONNECTIONS FOR THE EXTERNAL TIMING RESISTORS
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fiber optics (optical fiber)
What is fiber optics?
Fiber optics, or optical fiber, refers to the technology that transmits information as light pulses along a glass or plastic fiber.

A fiber optic cable can contain a varying number of these glass fibers -- from a few up to a couple hundred. Another glass layer,
called cladding, surrounds the glass fiber core. The buffer tube layer protects the cladding, and a jacket layer acts as the final

protective layer for the individual strand.

Fiber optic cables are commonly used because of their advantages over copper cables. Some of those benefits include higher

bandwidth and transmit speeds.

Fiber optics is used for long-distance and high-performance data networking. It is also commonly used in telecommunication
services, such as internet, television and telephones. For example, Verizon and Google use fiber optics in their Verizon FIOS

and Google Fiber services, respectively, providing Gigabit internet speeds to users.
How fiber optics works

Fiber optics transmit data in the form of light particles -- or photons -- that pulse through a fiber optic cable. The glass fiber

core and the cladding each have a different refractive index that bends incoming light at a certain angle.

When light signals are sent through the fiber optic cable, they reflect off the core and cladding in a series of zig-zag bounces,
following a process called total internal reflection. The light signals do not travel at the speed of light because of the denser

glass layers, instead traveling about 30% slower than the speed of light.

To renew, or boost, the signal throughout its journey, fiber optics transmission sometimes requires repeaters at distant intervals.
These repeaters regenerate the optical signal by converting it to an electrical signal, processing that electrical signal and

retransmitting the optical signal.

Fiber optic cables are now able to support up to 10 Gbps signals. Typically, as the bandwidth capacity of a fiber optic cable

increases, the more expensive it becomes.

Types of fiber optic cables

Multimode fiber and single-mode fiber are the two primary types of fiber optic cable.

2 Tya Junn
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Single-mode fiber
Single-mode fiber is used for longer distances due to the smaller diameter of the glass fiber core. This smaller diameter lessens
the possibility for attenuation, which is a reduction in signal strength. The smaller opening isolates the light into a single

beam, offering a more direct route and enabling the signal to travel a longer distance.

Single-mode fiber also has a considerably higher bandwidth than multimode fiber. The light source used for single-mode fiber
is typically a laser. Single-mode fiber is usually more expensive as it requires precise calculations to produce the laser light in a

smaller opening.

Multimode fiber

Multimode fiber is used for shorter distances because the larger core opening enables light signals to bounce and reflect more
along the way. The larger diameter permits multiple light pulses to be sent through the cable at one time, which results in more
data transmission. This also means there is more possibility for signal loss, reduction or interference, however. Multimode fiber

optics typically uses an LED to create the light pulse.
Dense wavelength-division multiplexing (DWDM) is used to increase the bandwidth of existing fiber networks.

Fiber optics vs. copper cables
Copper wire cables were the traditional choice for telecommunication, networking and cable connections for years. Over
time, however, fiber optics became a common alternative. Most telephone company long-distance lines are now made of fiber

optic cables.

Optical fiber carries more information than conventional copper wire, due to its higher bandwidth and faster speeds. Because

glass does not conduct electricity, fiber optics is not subject to electromagnetic interference, and signal losses are minimized.

Advantages and disadvantages of fiber optics

Fiber optic cables are used mainly for their advantages over copper cables. Advantages include the following:
e They support higher bandwidth capacities.

e Light can travel further without needing as much of a signal boost.

e They are less susceptible to interference, such as electromagnetic interference.

e They can be submerged in water.

» Fiber optic cables are stronger, thinner and lighter than copper wire cables.

e They do not need to be maintained or replaced as frequently.
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However, it is important to note that fiber optics do have disadvantages users should know about. These disadvantages include

the following:

e Copper wire is often cheaper than fiber optics.

e Glass fiber requires more protection within an outer cable than copper.
e Installing new cabling is labor-intensive.

*  Fiber optic cables are often more fragile. For example, the fibers can be broken or a signal can be lost if the cable is bent

or curved around a radius of a few centimeters.
Fiber optics uses

Computer networking and broadcasting
Computer networking is a common fiber optics use case due to optical fiber's ability to transmit data and provide high
bandwidth. Similarly, fiber optics is frequently used in broadcasting and electronics to provide better connections and

performance.

Internet and cable television
Internet and cable television are two of the more commonly found usages of fiber optics. Fiber optics can be installed to

support long-distance connections between computer networks in different locations.

Undersea environments
Fiber optics are used in more at-risk environments, like undersea cables, as they can be submerged in water and don't need to

be frequently replaced.

Military and space
Military and space industries also make use of optical fiber as a means of communication and signal transfer, in addition to its

ability to provide temperature sensing. Fiber optic cables can be beneficial due to their lighter weight and smaller size.

Medical

Fiber optics is frequently used in a variety of medical instruments to provide precise illumination. It also increasingly enables
biomedical sensors that aid in minimally invasive medical procedures. Because optical fiber is not subject to electromagnetic
interference, it is ideal for various tests like MRI scans. Other medical applications for fiber optics include X-ray imaging,

endoscopy, light therapy and surgical microscopy.
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