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DC GAUSS (MAGNETIC FLUX) METER

Mr. Prasert Yimmuang 1D.47010430
Assoc.Prof. Khanittha Sae-tang Advisor

Educational Year 2007

Abstract

This project is measuring magnetie-flux in gauss unit by IC Hall effect sensor. The sensors
convert the magnetic flux into electrical signal by resolution 1.3 millivolts per gauss. The signal will
send to differential instrumentation amplifier for detecting magnetic flux all poles. So it have three
scale range are: 0-15 gauss, 15-150 gauss and 150-1,500' gauss. Equipments system is processed by
Peripheral Interface Controller (PIC) Microcontroller and the data from measuring display on Liquid

Crystal Display (LCD) in Gauss.
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Vint >V, 0= V=V Vo) (4.6)
Vin=— (V,, =Vp,) =V}, —Veir) 4.7)
V()UT = 1VIN‘ (4.8)

4.2.4 nvsveneuuvbindumla (Non inverting Amplifier)
] o &4 a in” o o ¥ -
2vsvneuny lindumanSeusudunesaweuius swusunnszgntlowd i
van uazil ¥, Fuianinnisutwssfuevinnanaseuddaiuniu R, mnguauiaveesy
[ . o y ¥
wondnhdnmividuynavezgmisdu Indunadilndfnafidduynuinauees 1d4

V=V, (4.9)
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A, =_I;0£f_ (4.10)

- = 1 Y L 4
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RIN

=—-"t _*py 4.11
A R, +R, out (4.11)

A W r ¥
dladaaunslvyazld
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(4.12)
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System Reset

Display Data

Amplifier 2
Av=100
A \ NO
Data >4
Amplifier 1
Av=10 kS
! No
Data >4
Amplifier 0
Yes
Av=1
A NO
Data >4
Data Input Yes

Display “Overlimit”

32

517 4.6 ununmuaaslysunsumsianuvesszuy




8l EIRY iy

a0 . .,
y” R g ¢k
= - Sa .
) = \ M ‘ ; 2NOTS
m | 3 ;
=
L7 d
a 1% C &
e
iz 2
0z &
o>
£
\ C =
& a .ﬂ
208 %
; C 2
] h :
- 2 -
! Z
=1} - g
i — T
v - 10 P P 1 =
o u -
wwl mwm : 3 — Z2a P - Josuss jes e
o e ‘ 2 L - DA -
E i 1N0X 10250 |— = : 2
4 C: e ra R
+i— vogu N 10050 b5 r1 wf o
)
z U, 'b )v%
; o fn‘/ %2 ZHA
. g4l
e ) 224+
LAY

33



51 4.9 uanagalaseadialassmvesszuy

34



a
Unns

Han1Iniaaea

Tudusunoumnaanaldmnmanss TasnlSoudiousita 1dsundesadrudu
usaimannasguuaznaasauiumimanaSouioudumdimesiu HT201AMaNS
nanoden i
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VY g Ay A vy v
Generator) iﬂﬂgﬂlﬁu!!iquulﬂﬂﬂ‘nﬂﬁ‘l@ﬂ‘lﬂlﬂ FOIA I UAHUFIINUINHAN

WNTGIY
A13197 5.1 Hamsnaass AR AU s eifousuinie st uiaidus e
. dmssnnnzesadiade VN
A¥ad onx [N IR IG) Error (%)
13 UEIREN(G)
1 0.5 0.601 20.2
2 1 1.033 33
3 1.508 1.485 33
4 2 2.034 1.7
5 2.504 2.506 0.1
6 2.998 2.951 -1.6
7 3.502 3.44 -1.8
8 4.004 3.895 -2.7
9 4.502 4.401 -2.2
10 5.003 4.891 2.2
11 5.501 5.426 -1.3
12 6.006 5.875 -2.2
anuAmIARAsuIRGY 2.036%
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Allegro-

‘HHE W MicroSystems, Inc.
-4

A1301 and A1302

Continuous-Time Ratiometric Linear Hall Effect Sensors

Features and Benefits

= Low-noise output

= Fast power-on time

= Ratiometric rail-to-rail output

* 4.5t06.0 V operation

* Solid-state reliability

» Factory-programmed at end-of-line for optimum
performance

= Robust ESD performance

Packages: 3 pin SOT23W (suffix-LH), and
3 pin SIP (suffix UA)

Not to scale

Description

The A1301 and A1302 are continuous-time, ratiometric, linear
Hall-effect sensors. They are optimized to accurately provide
a voltage output that is proportional to an applied magnetic
field. These devices have a quiescent output voltage that is
50% of the supply voltage. Two output sensitivity options are
provided: 2.5 mV/G typical for the A1301, and 1.3 mV/G
typicalfor.the"Ad 302.

The /Hall-effect integrated circuit included in each device
includes a“Hall sensing, element, a linear amplifier, and a
CMOS Class-AOutput strueture. Integrating the Hall sensing
element, andithe amplifier on“a single chip minimizes many
of the problems normally associated with low voltage level
analog signals:

High precision.in_output Jevels is obtained by internal gain
and offset .trim adjustments made.at end-of-line during the
manufacturing progess.

‘These features make-the! A1301and A1302 ideal for use in
position sensing-systems;-for both. linear target motion and
rotational target motion. They, are well-suited for industrial
applications ever extended temperature ranges, from —40°C

to 125°C.

Two devicepackage typesiare ayailable:1LH, a 3-pin SOT23W
type \for-surface ;mounty;and UA, a 3+pin ultramini SIP for
through=Hole mount,They are lead’(Pb) free (suffix, —T) with
100%/matte tin plated leadframes.

Functional'Block Diagram

My VolaagTaamlb ® 9 -3
vee | - :
lb——Q T

| |

| Voltage |

| Regulator |

| L |

| |

| |
X i

| |1 |

| |

+ I |

;: | Gain Offset :

|

Caypass | [ I

| Trim |

| Control |

| |

b e e e e )= e e e e e e e e e e e e e o ———— -

GND

A1301-DS, Rev. 5



1301 and Continuous-Time Ratiometric
1302 Linear Hall Effect Sensors

election Guide

Part Number Pb-free? Packing? Package Ambient, Ty Sensitivity (Typical)

A1301ELHLT-T Yes 7-in. tape and reel, 3000 pieces/reel Surface Mount

e S F —40°C to 85°C
A1301EUA-T Yes Bulk, 500 pieces/bag SIP 25 mVIG
A1301KLHLT-T Yes 7-in. tape and reel, 3000 pieces/reel Surface Mount —40°C 10 125°C »m
A1301KUA-T Yes Bulk, 500 pieces/bag SIP
A1302ELHLT-T Yes 7-in. tape and reel, 3000 pieces/reel Surface Mount

- —40°C to 85°C
A1302EUA-T Yes Bulk, 500 pieces/bag SIP 13 mMVIG
A1302KLHLT-T Yes 7-in, tape and reel, 3000 pieces/reel Surface Mount _ae NNee ’
(o]

A1302KUA-T Yes Bulk, 500 pieces/bag SIP

o-based variants are being phased out of the product line. Certain variants cited in this footnote are no longer in production The variants should
1 be purchased for new design applications. Samples are no longer available. Status change: May.1, 2006. These variants include: A1301ELHLT,
301EUA, A1301KLHLT, A1301KUA, A1302ELHLT, A1302EUA, A1302KLHLT, and A1302KUA.

ontact Allegro for additional packing options.

bsolute Maximum Ratings

Characteristic Symbol Notes Rating Units
wpply Voltage Vee 8 v
Jutput Voltage VouT 8 v
teverse Supply Voltage Veee 01 \'%
Reverse Supply Voltage Vree -0.1 A
Jutput Sink Current lout 10 mA
) ) Range E —4010 85 °C
Jperating Ambient Temperature Ta
Range K -40to 125 °C
Jaximum Junction Temperature T (max} 165 °C
Storage Temperature Tag -65 10 170 °C
Apane Aliegro MicroSyst: . Inc.
e lle to“. " 115 Northaast ésuteor:r,segf 15036 2
3%“ [ ;s -g : Worcester, Massachusetts 01615-0036 {508) 853-5000
‘!5=.l-! ~MigraSysiams, Inc. www allegromicro_corm



1301 and Continuous-Time Ratiometric
1302 Linear Hall Effect Sensors

EVICE CHARACTERISTICS over operating temperature range, T, and V¢ = 5 V, unless otherwise noted

Characteristic | Symbol Test Conditions | Min. | Typ. | Max. | Units

lectrical Characteristics
upply Voltage Vee Running, T, < 165°C 45 - 6 Y
upply Current lec Output open - - 11 mA

tout Voltage VOUT(High) ISOURCE =1 mA, Sens = nominal 4.65 4.7 - vV
utput Voltag Vouteow |lsink = 1 MA, Sens = nominal - 0.2 0.25 \'
utput Bandwidth BW - 20 - kHz

. VCC(min) to 0.95 VOUT; B = 1400 G, _
ower-On Time teo Slew rate = 4.5 V/us to 4.5 /100 ns 3 5 Hs
-utput Resistance Rour laink £ 1 MA, Igource 2 ~1 MA - 2 5 Q
. | | < :

fide Band Qutput Noise, rms VouTn E)ed:srrfnglrﬁ?nuél QUrTS YA K2 - 150 - pv
atiometry
uiescent Output Voltage Error — s _ _ o
ith respect to AVgc! BVoutaw [Ta=-25°C 3.0 %
lagnetic Sensitivity Error with dgp W * - | o
:spect to AVc? ASensy, [ |Ta= 25°C +3.0 %
utput
‘nearity Lin Ta= 25°C - - 2.5 %
ymmetry Sym Ta= 25°C - - +3.0 %
lagnetic Characteristics
:viescent Output Voltage Vouta B=0G;T,=25C 2.4 25 286 Vv
wiescent Cutput Voltage over \ A
iperating Temperature Range Vourauy, |B=0C 22 28 v
| fic Sensitvi Send A1301; T4 = 25°C 20 25 3.0 mvIiG
agnetic Sensitivity A1302, T, = 25°C 1.0 | 13 | 16 | mviG
lagnetic Sensitivity over Eofs A1301 1.8 - 3.2 mv/G
sperating Temperature Range 8T TA1302 0.85 - 175 | mViG

Refer to equation (4) in Ratiometric section on page 4.
Refer to equation (5) in Ratiometric section on page 4.

;- Allegro MicroSystems, Inc. 3
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1301 and
1302

Continuous-Time Ratiometric
Linear Hall Effect Sensors

Characteristic Definitions

siescent Output Voltage. In the quiescent state (no sig-
Tcant magnetic field: B = 0), the output, Vo1, equals one
If of the supply voltage, V¢, throughout the entire operating
1ges of V¢ and ambient temperature, T5. Due to internal
mponent tolerances and thermal considerations, there is a
erance on the quiescent output voltage, AV ;rq, Which is
unction of both AV and AT,. For purposes of specifica-

n, the quiescent output voltage as a function of temperature,
IOUTQ(ATA)! is defined as:

Voutqer,) ~ YouTq@sec) )

AVourgar,) =
Sens(sec)
1ere Sens is in mV/G, and the result is the device equivalent
curacy, in gauss (G), applicable over the entire operating tem-
rature range.

ansitivity. The presence of a south-polarity (+B) magnetic
:1d, perpendicular to the branded face of thedevice package,
creases the output voltage, Vs in proportien to the magnetic
:1d applied, from Vg toward the Vi rail. Conversely, the
plication of a north polarity (—B) magnetic field, in the same
ientation, proportionally decreases the output voltage from its

Ratiometric. The A1301 and A1302 feature a ratiometric
output. This means that the quiescent voltage output, Ve,
and the magnetic sensitivity, Sens, are proportional to the supply
voltage, V.

The ratiometric change (%) in the quiescent voltage output is
defined as:

Voutarvee / Voutaisv)
AVourgav) = x 100% 1G]
Vece /5V
and the ratiometric change (%) in sensitivity is defined as:
Sensyee Senssy
ASensizyy = i) A - )
Vee / 5V

Linearity and-Symmetry. The on-chip output stage is
designed to provide linear output at a supply voltage of 5 V.
Although the application of very high magnetic fields does not
damage these devices, it does force their output into a nonlinear
region. Linearity in percent is measured and defined as:

Vour+s) =~ Vouto

iiescent value. This proportionality is specified as the magnetic Linto= x 100% (6)
nsitivity of the device and is defined as: 2 (Voureay) — Yvourq)
Vout-s) =¥ outesy
Sens = - (2) _ Yout-p) — Vouto
28 Lin- = x 100% Q)
) : 2(Voute-Bw —Vout)
1e stability of the device magnetic sensitivity as-a function of P O
abient temperature, ASens a7, (%) is defined as: and output symmetry as:
Sens T,y — Sensgsec Voutes) 7 Youtg
ASensiug, )= —— DO X 160% @) Sim = < 100% (8)
Sensasec) Youto—Youts)
ammn Allegro MicroSystems, Inc 4
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1301 and Continuous-Time Ratiometric
1302 Linear Hall Effect Sensors

Typical Characteristics
(30 pieces, 3 fabrication lots)

1301 Device Sensitivity vs. Ambient Temperature 1302 Device Sensitivity vs. Temperature
265 1.40
2.60 i 16 UA Package/'/
— UA PackaV/ ..
g 285} =134 _/
g / / S /-
Z 250 z 132 -
2 2 / /
2 45 LH Package 2/ 130 / /"\_./
g Ay @ LM Pack
3 / @/ 4,28 avege
2.40 1,26 //
/ 26—
2.35 - + . 1.24 .
50 =25 0 25 50 75100 1425 150 50 -25 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
1301 Device Vg1q vs. Ambient Temperature 1302 Device Vgoyrq vs. Ambient Temperature
2.60 Moo\ === "
S 2585 S 255
Q @
o [27]
g &
£ 250 —r—it L2500 L 2N o
5 =]
Q. [= N
= =
O 245 © 245
2.40 . 2.40
-50 =25 0 25 50 75 400 125 150 = =25 0 256 50 .75 100 125 150
Termperature (°C) Temperature (°C)
1301 Device Sensitivity vs. Supply. Voltage 1302 Device Sensitivity vs. Supply Voltage
3 5 1.7
1.6 //
G 30 ~% @ 15
S > /
£ / E 14
P
g > / 2 13 //
= W
3 ® /
é 20 é 12¢
1.1
1.5 1.0
45 5.0 5.5 6.0 4.5 5.0 55 6.0
Supply Voltage (V) Supply Voltage (V)

ontinued on the next page...
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Continuous-Time Ratiometric
Linear Hall Effect Sensors

Typical Characteristics, continued
(30 pieces, 3 fabrication lots)

1301 and
1302

1301 Device Vgyta vs. Supply Voltage 1302 Device Vgoyrg vs. Supply Voltage
3.5 3.5 i
£ 30 S...3.0
L) (]
g g
3 3
> 25 > 25
.5 =
S Lo Y e
1.5 LA
4.5 5.0 55 6.0 4.5 5.0 55 6.0
Supply Voltage (V) Supply Voltage {\)
1301 Device LIN+ and LIN- vs. Supply Voltage 1302 Device LIN+ and LIN= vs. Supply Voltage
100.4 100.0
100.3 AL 4
LIN—/ \ 99.9 -
100.2 =
> 10041 > 1998
® &
2 1000 £
S L|N+\ - 897
]
99,9 !
N8 5 5 S 45 5.0 5.5 6.0
Supply Voltage (V) Supply Voltage (V)
1301 Device Symmetry vs. Supply Voltage 1302 Device Symmetry vs, Supply Voltage
100.0 4005 g i
99.9 100.4
99.8 e 100.3
. 997 P ~ 1002
2 g9g / \-\_. Sl 100.4 // —— 4
Z o5 e £ 1000
g £
E 994 £ 99.9
@& 993 . ; o 98— ——
99.2 : 99.7
99.1 99.6
99.5
905 5.0 5.5 6.0 4.5 5.0 5.5 6.0
Supply Voltage (V) Supply Voltage {V)
gamus . Allegro MicroSystems, Inc.
Sl l m“’; 115 Northeast Cutoff, Box 15036
e/ - ’ Weorcester, Massachusetts 01615-0036 (508) 853-5000
e ’ MicroSystems, Inc. www._allegromicro.com




1301 and
1302

Continuous-Time Ratiometric
Linear Hall Effect Sensors

Package LH, 3-Pin; (SOT-23W)

Prefiminary dimensions, for reference onfy

Dimensions in milimeters

us. G

(in.} in brackets, for ref only

7
{reference JEDEC TO-236 AB, except case width and terminal tp-to-tip)
Dimensions axclusive of moid flash, gate burrs, and dambar profrusions

Exact case and lead

AH:H element (not to scale)

jon at supphier di

A\ potve hrea Depth 0.28 [ 011]

3.00[ .115]
270( 106
[&]oss Loosi @] cTale]
sl b{A]
'4_;‘.3;[‘059]--
: (2]

2.107.083
B DN L &1 185].073

0.96 [ 038}
: NOM

ion within imits shown T

0.60 1 .024
025 {.010

B I

3x st N seariv pLANE
o0 04| ¢ e ; _L BN , L chuce PuNE
2] =t s L ]
[@lo i@ c[a]e] V4
oo 0
Pin-out Drawings
Package LH Package UA
3
[
1 2 1] 2 3
Terminal List
Number o
Symbol Package LH | Package UA Description
VCC 1 1 Connects power supply to chip
VOUT 2 3 Qutput from circuit
GND 3 2 Ground
Allegro MicroSystems, Inc. 7

k1]
‘aull m ¥
g

wdllegro-

MicroSysterms, Inc.
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1301 and Continuous-Time Ratiometric
1302 Linear Hall Effect Sensors

Package UA, 3-Pin SIP

164 | 417
.159 | 4.04 ’

A\ 0805 [z.m}'-—-| 062 1,57t'
NOM 058 [m]

0565 [1.44] } | =\
12 [3‘10]_ NOM -_._,_’?:E =]
17 297 Ry
A
085 [2.16] | L I_‘,'
e anfor) T |

P '

640 [16.26 017 [[0.44
.600[15.24} 014 [035] ol

019 048 4—| L—
014 nas
- 050 [117}

Dimensions in inches
Metric di ions {mm) in brackets, for refs only

A Dambar removal prolrusion {8X)
Ejector mark on opposite side

& Active Area Depth 0195 [0.50} NOM
Halk element {not to scale)

The products described herein are manufactured under one or more of the following U.S. patents: 5,045,920; 5,264,783, 5,442,283,
389,889; 5,581,179; 5,517,112; 5,619,137, 5,621,319; 5,650,719; 5,686,894, 5,694,038; 5,729,130: 5,917,320, and other patents pending.

Allegro MicroSystems, Inc. reserves the right to make, from time to time, such departures from the detail specifications as may be required
permit improvements in the performance, reliability, or manufacturability of its products. Before placing an order, the user is cautioned to verify
at the information being relied upon is current.

Allegro products are not authorized for use as critical components in life-support devices or systems without express written approval.

The information included herein is believed to be accurate and reliable. However, Allegro MicroSystems, Inc. assumes no responsibility for
i use; nor for any infringement of patents or other rights of third parties which may result from its use.

Copyright © 2005, 2006 Allegro MicroSystems, Inc.
435% Allegro MicroSystems, Inc. 3
_gl le 115 Northeast Cutoff, Box 15036
‘Hﬂ k3

Worcester, Massachusetis 01615-0036 (508) 853-5000
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ANALOG
DEVICES

Micropower, Single and Dual Supply
Rail-to-Rail Instrumentation Amplifier

AD627

FEATURES

Micropower, 85 pA max supply current
Wide power supply range {+2.2V to +18 V)
Easy to use
Gain set with one external resistor
Gain range 5 {no resistor) to 1000
Higher performance than discrete designs
Rail-to-rail output swing
High accuracy de performance
0.10% gain accuracy (G = +5) (AD627A)
10 ppm gain drift (G = +5)
125 pV max input offset voltage (AD627B)
200 pV max input offset voltage (AD627A)
1 pV/°C max input offset voltage drift (AD6278)
3 pv/°C max input offset voltage drift (AD627A)
10 nA max input bias current
Noise: 38 nV/yHz RT1 noise @ 1 kHz (G =+100)
Excellent ac specifications
AD627A: 77 dB min CMRR (G = +5)
AD627B: 83 dB min CMRR (G = +5)
80 kHz bandwidth {G = +5)
135 ps settling time to 0.01% (G = +5, 5 V step)

APPLICATIONS

4 to 20 mA loop-powered applications

Low power medical instrumentation—ECG, EEG
Transducer interfacing

Thermocouple amplifiers

industrial process controls

Low power data acquisition

Portable battery-powered instruments

GENERAL DESCRIPTION

The AD627 is an integrated, micropower instrumentation
amplifier that delivers rail-to-rail output swing on single and
dual (+2.2 V to +18 V) supplies. The AD627 provides excellent
ac and dc specifications while operating at only 85 pA max.

The AD627 offers superior flexibility by allowing the user to set
the gain of the device with a single external resistor while con-
forming to the 8-lead industry standard pinout configuration.
With no external resistor, the AD627 is configured for a gain of 5.
With an external resistor, it can be set to a gain of up to 1000.

A wide supply voltage range (+2.2 V to +18 V) and micropower
current consumption make the AD627 a perfect fit for a wide
range of applications. Single-supply operation, low power
consumption, and rail-to-rail output swing make the AD627
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FUNCTIONAL BLOCK DIAGRAM
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AD627
Figure 1. 8-Lead PDIP (N) and SOIC_N (R)
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N
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Figure 2. CMRR vs. Frequency, £5 Vs, Gain = +5

ideal for battery-powered applications. Its rail-to-rail output
stage maximizes dynamic range when operating from low
supply voltages. Dual supply operation (+15 V) and low power
consumption make the AD627 ideal for industrial applications,
including 4 to 20 mA loop-powered systems.

The AD627 does not compromise performance, unlike other
micropower instrumentation amplifiers. Low voltage offset,
offset drift, gain error, and gain drift minimize errors in the
system. The AD627 also minimizes errors over frequency by
providing excellent CMRR over frequency. Because the CMRR
remains high up to 200 Hz, line noise and line harmonics are
rejected.

The AD627 provides superior performance, uses less circuit
board area, and costs less than micropower discrete designs.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781.329.4700 www.analog.com
Fax:781.461.3113 © 2005 Analog Devices, inc. All rights reserved.
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AD627

SPECIFICATIONS

SINGLE SUPPLY
Typical @ 25°C single supply, Vs = 3 V and 5V, and R, = 20 kQ, unless otherwise noted.
Table 1.
AD627A AD627B
Parameter Conditions Min Typ Max Min Typ Max Unit
GAIN G =+5 + (200 k{)/Rg)
Gain Range 5 1000 5 1000 %
Gain Error’ Vour = {(-Vs) +0.1 to (+V) - 0.15
G=+45 0.03 0.10 0.01 0.6 %
G=+10 0.15 0.35 0.10 0.25 %
G=+100 0.15 0.35 0.10 0.25 %
G =+1000 0.50 0.70 025 035 %
Nonlinearity
G=45 10 100 10 100 ppm
G=+100 20 100 20 100 ppm
Gain vs. Temperature'
G=+45 10 20 10 20 ppm/°C
G>+5 —75 -75 ppm/°C
VOLTAGE OFFSET
Input Offset, Vos? 50 250 25 150 MV
Over Temperature Vem = Vrer = +Vs/2 445 215 pv
Average TC 0.1 3 0.1 1 uv/C
Qutput Offset, Voso 1000 500 v
Over Temperature 1650 1150 pv
Average TC 2.5 10 25 10 uv/°C
Offset Referred to the
Input vs. Supply (PSRR)
G=+5 86 100 86 100 dB
G=+10 100 120 100 120 dB
G=+100 10 125 110 125 dB
G=+1000 110 125 110 125 dB
INPUT CURRENT
Input Bias Current 3 10 3 10 nA
Over Temperature 15 15 nA
Average TC 20 20 pA/°C
Input Offset Current 03 1 0.3 1 nA
Over Temperature 2 2 nA
Average TC 1 1 pA/C
INPUT
Input Impedance
Differential 20})2 20||2 GOY|pF
Commeon-Mode 20§j2 2012 GO||pF
Input Voltage Range?® Vsi=22Vto36V {-V5)-0.1 (+Ve) -1 (-Vs) -0 (#+Vs) -1 v
Common-Mode Rejection | Veer = Vs/2
Ratio® DC 10 60 Hz with
1 k02 Source Imbalance
G=+5 Vi=3V,Viu=0Vtc 1.9V 77 90 83 96 dB
G=+5 Vs=5V,Viu=0V1t0 3.7V 77 90 83 96 dB

Rev. C| Page 3 of 24
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AD627A ADé6278B
rameter Conditions Min Typ Max Min Typ Max Unit
TPUT
Output Swing R.=20kO (-Vs) + 25 (+Vs) =70 | (-Vs) +25 (+V9) =70 | mv
Ru= 100 kQ) (=Vs)+7 (+Vs) =25 | (-Ve)+7 (+Vs) =25 | mV
Short-Circuit Current Short-circuit to ground +25 +25 mA
NAMIC RESPONSE
Small Signal -3 dB
Bandwidth
G=15 80 80 kHz
G=+100 3 3 kHz
G=+1000 04 04 kHz
Slew Rate +0.05/-0.07 +0.05/-0.07 V/ps
Settling Time to 0.01% Vs =3V, 1.5V output step
G=+45 65 65 Hs
G=+100 290 290 Hs
Settling Time to 0.01% Vs =5V, 2.5V output step
G=+45 85 85 s
G=+100 330 330 Ms
Overload Recovery 50% input overload 3 3 s

oes not include effects of External Resistor Re.

e Table B for total RTl errors.

2e Using the AD627 section for input range, gain range, and common-mode range.
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AD627

DUAL SUPPLY
Typical @ 25°C dual supply, Vs = £5 V and £15 V, and Ry = 20 k), unless otherwise noted.
Table 2.
AD627A AD627B
Parameter Conditions Min Typ Max Min Typ Max Unit
GAIN G = +5 + {200 kf)/Rc)
Gain Range 5 1000 5 1000 ViV
Gain Error! Vour = (=Vs) + 0.1 to
(+Vs) = 0.15
G=+5 0.03 0.10 0.01 0.06 %
G=+10 0.15 0.35 0.10 025 %
G=+100 0.15 0.35 0.10 0.25 %
G=+1000 0.50 0.70 0.25 035 %
Nonlinearity
G=+5 Vs=15V/£15V 10/25 100 10/25 100 ppm
G=+100 Vs=+5W/+15V 10/15 100 10/15 100 ppm
Gain vs. Temperature’
G=+5 10 20 10 20 ppm/°C
G>+5 =75 ~75 ppm/°C
VOLTAGE OFFSET Total RTl error =
Vosi + Vaso/G
Input Offset, Vosi? 25 200 25 125 ny
Over Temperature Vem=Veer =0V, 395 190 Ny
Average TC 0.1 3 0.1 1 pv/oC
Output Offset, Voso 1000 500 uv
Over Temperature 1,700 1,100 pv
Average TC 2.5 10 25 10 pvrC
Offset Referred to the Input
vs. Supply (PSRR)
G=+5 86 10 86 100 dB
G=+10 100 120 100 120 dB
G=+100 110 125 110 125 dB
G=+1000 110 125 110 125 dB
INPUT CURRENT
Input Bias Current 2 10 2 10 nA
Over Temperature 15 15 nA
Average TC 20 20 pA/°C
Input Offset Current 0.3 1 0.3 1 nA
Over Temperature 5 5 nA
Average TC 5 5 pA/°C
INPUT
Input Impedance
Differential 20||2 20)j2 GQ||pF
Common Mode 20|12 20}j2 G|pF
Input Voltage Range? Vi=+1.1Vto+18V (-Vs) - 0. (+Vs) -1 (—Vs) - 0.1 (+Vs) -1 v
Common-Mode Rejection
Ratio® DC to 60 Hz with 1k
Source Imbalance
G=+5to +1000 V=125V, Veu=-4V 77 90 83 96 dB
to+3.0V
G =+510+1000 Vs=x15V,Ven = 77 90 83 96 dB
-12Vto+109V
QUTPUT
Output Swing Ru=20k0 (=Vs) + 25 (+Vs) =70 | (-V9) + 25 (V)70 | mVv
R.= 100 kO -V +7 (+Vs)—25 | (Vo) +7 4Vs)—25 [ mV
Short-Circuit Current Short circuit to +25 +25 mA
ground
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AD627A AD627B

rameter Conditions Min Typ Max Min Typ Max Unit
NAMIC RESPONSE
Small Signal -3 dB
Bandwidth

G=+5 80 80 kHz

G=+100 3 3 kHz

G=+1000 0.4 04 kHz
Slew Rate +0.05/-0.06 +0.05/-0.06 Vius
Settling Time 10 0.01% Vs=15V,+5V

output step

G=45 135 135 Hs

G=+100 350 350 us
Settling Time to 0.01% Vs=215V,+15V

output step

G=+5 330 330 s

G=+100 560 560 T
Overload Recovery 50% input overload 3 3 HS
aes not include effects of External Resistor Ro.
2¢ Table 8 for total RTI errors.
2e Using the AD627 section for input range, gain range, and common-maode range.
UAL AND SINGLE SUPPLIES
ahle 3.

AD627A AD627B

rameter Conditions Min  Typ Max | Min Typ Max | Unit
NSE
Voltage Noise, T kHz Total RTI Noise = (e, F + (eno / R
Input, Voltage Noise, e 38 38 nV/yvHz
Output, Voltage Noise, eno 177 177 nV/yHz
RTI, 0.1 Hzto 10 Hz

G=+5 1.2 1.2 BVp-p

G=+1000 0.56 0.56 uVp-p
Current Noise f=1kHz 50 50 fA/NHz
0.1 Hzto 10 Hz 1.0 1.0 pA p-p
FERENCE INPUT
Rin Rg =0 125 125 kQ)
Gain to Qutput 1 1
Voltage Range’
YWER SUPPLY
Operating Range Dual supply +1.1 18 | £1.1 18 [V

Singte supply 22 36 22 36 v

Quiescent Current 60 85 60 85 pA
Over Temperature 200 200 nA/C
MPERATURE RANGE
For Specified Performance -40 +85 | ~40 +85 °C

ee Using the AD627 section for more information on the reference terminal, input range, gain range and common-made range.
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AD627

ABSOLUTE MAXIMUM RATINGS

Table 4.
Parameter Rating
Supply Voltage +18V
Internal Power Dissipation’
PDIP (N-8) 1.3W
SOIC (R-8) 0.8W
~IN, +IN -Vs—20Vto+Vs+20V

Common-Mode Input Voltage
Differential Input Voltage (+IN — (—IN))
Output Short Circuit Duration

Storage Temperature Range (N, R}
Operating Temperature Range

Lead Temperature (Soldering 10 sec)

~Vs—20Vto+Vs+ 20V
+Vg — (—Vs)

Indefinite

-65°C to +125°C

-40°C to+85°C

300°C

! Specification is for device in free air:
8-lead PDIP package: 8,a = 90°C/W.
8-lead SOIC_N package: @ = 155°C/W.

ESD CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000V readily accumulate on

Stresses above those listed under Absolute Maximum Ratings
may cause permanent damage to the device. This is a stress
rating only; functional operation of the device at these or any
other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
device reliability.

the human body and test equipment and can discharge without detection. Aithough- this preduct features WARNING! @
proprietary ESD protection circuitry, permanent damage may occur on devices subjected to high energy “

electrostatic discharges. Therefore, proper ESD precautions are recommended to avoid performance

degradation or loss of functionality.

ESD SENSITIVE DEVICE
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IN CONFIGURATIONS AND FUNCTION DESCRIPTIONS

Rs [1] " 1] Rs
AN E AD627 [7] +vs

TOP VIEW
s 5] {Nok to Scale)| [5] OUTPUT

Vs [4] 5] REF

Figure 3. 8-Lead PDIP Pin Configuration

DO732-051

A\

R [1] [3] R
-IN [2 AD827 7 | +V,

E TOP VIEW j s
+IN [3]\ (ot to Scale) | 5] OUTPUT

-vs [1] 5] REF

Figure 4. 8-Lead SOIC_N Pin Configuration

00782082

ble 5. Pin Function Descriptions

1 No. Mnemonic | Description
Re External Gain Setting Resistor. Place gain setting resistor across-Re pins to set the gain.
-IN Negative Input.
+IN Positive Input.
Vs Negative Voltage Supply Pin.
REF Reference Pin. Drive with low impedance voltage source to level shift the. output voltage.
OUTPUT Output Voltage.
+Vs Positive Supply Voltage.
Rc External Gain Setting Resistor. Place gain setting resistor across Rs pins to set the gain.
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AD627

TYPICAL PERFORMANCE CHARACTERISTICS

@ 25°C Vs = £5 V, Ry = 20 k), unless otherwise noted.

NOISE {nViVHz, RTI)

1

CURRENT NOISE (fA//Hz)

INPUT BIAS CURRENT {nA)
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1EQRY OF OPERATION

e AD627 is a true instrumentation amplifier, built using two
dback loops. Its general properties are similar to those of the
ssic two-op amp instrumentation amplifier configuration,

t internally the details are somewhat different. The AD627

2s a modified current feedback scheme, which, coupled with
erstage feedforward frequency compensation, results in a
ich better CMRR {common-mode rejection ratio) at
quencies above dc¢ {notably the line frequency of 50 Hz to
Hz) than might otherwise be expected of a low power
itrumentation amplifier.

Figure 35, Al completes a feedback loop, that in conjunction
th V1 and RS, forces a constant collector currentin Q1.

sume that the gain-setting resistor {Rg) is not present.

sistor R2 and Resistor R1 complete the loopand force the
tput of Al to be equal to the voltage on the inverting terminal
th a gain of nearly 1.25. A2 completes a nearly-identical
'dback loop that forces a current in Q2 that is nearly-identical
that in Q1; AZ also provides the output voltage. When both
’ps are balanced, the gain from the noninverting terminal to
wr is equal to 5, whereas the gain from the output of Al to

wr is equal to —4. The inverting terminal gain of A1 (1.25)

nes the gain of A2 (—4) makes the gain from the inverting and
ninverting terminals equal.

EXTERNAL GAIN RESISTOR
—AAA—

R1
100
REF 00—\
% +Vs
=N vl +IN
_vs
>—‘»—oouwu7
RS $Re b
200k V1@W 3 200k0 g
+ o 7

Figure 35. Simplified

The differential mode gainiis equal to 1 + R4/R3, nominally 5,
and is factory trimmed to 0.01% final accuracy. Adding an
external gain setting resistor (R¢) increases the gain by an
amount equal to (R4 + R1)/Rs. The output voltage of the
AD627 is given by

Vouvr = [Vin(+) = Vin(—)] % (5 + 200 k€2/R;) + Veer

Laser trims are performed on R1 through R4 to ensure that
their values are as close as possible to the absolute values in the
gain equation. This ensures low gain error and high commeon-
mode rejection at all practical gains.
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USING THE AD627

BASIC CONNECTIONS

Figure 36 shows the basic connection circuit for the AD627.
The +Vs and -V terminals connect to the power supply. The
supply can be either bipolar (Vs = +1.1 V to £18 V) or single
supply (-Vs =0V, + Vs = +2.2 V to +36 V). Capacitively
decouple the power supplies close to the device’s power pins.
For best results, use surface mount 0.1 uF ceramic chip
capacitors.

The input voltage can be single-ended {tie either —IN or +IN to
ground) or differential. The difference between the voltage on the
inverting and neninverting pins is amplified by the programmed
gain. The gain resistor programs the gain as described in the
Setting the Gainand Reference Terminal sections. Basic connec-
tions are shown in Figure 36. The output signal appears-as the
voltage difference between the output pin and the externally
applied voltage on the REF pin, as shown in Figure 37.

SETTING THE GAIN

The gain of the AD627 is resistor programsmed by R, or, more
precisely, by whatever impedance appears between Pin 1 and Pin 8.

+VS

+1.1V TO +18V
0.4pF

The gain is set according to the equation

Gain =5 + (200 kQ)/R¢) or Rg = 200 kQ}(Gain - 5)

Therefore, the minimum achievable gain is 5 (for Rg = ). With
an internal gain accuracy of between 0.05% and 0.7%,
depending on gain and grade, a 0.1% external gain resistor is
appropriate to prevent significant degradation of the overall
gain error. However, 0.1% resistors are not available in a wide
range of values and are quite expensive. Table 6 shows
recommended gain resistor values using 1% resistors. For all
gains, the size of the gain resistor is conservatively chosen as the
closest value from the standard resistor table that is higher than
the ideal value. This results in a gain that is always slightly less
than the desired gain thereby preventing clipping of the signal
at the-output due to resistor tolerance.

The internal resistors on the AD627 have a negative temperature
coefficient of —75 ppm/°C max for gains > 5. Using a gain resistor
that also has a negative temperature coefficient of -75 ppm/°C or
less tends to reduce the overall gain drift of the circuit.

+Vs

+2.2V.TO +36V
0.1uF

+IN +IN
o G
Vin O Rg { Vour Vi Rg { Vourt
=IN <IN
REE {INPUT) REF {INPUT)
3
i/
-1.1V TO -18V g
=Vs GAIN = 5 + (200kC/R)
Figure 36. Basic Connections for Single and Dual Supplies
Vi
+IN EXTERNAL GAIN RESISTOR
e —AAA = - e 1
1 G 1
} 250 8k0 | 100Kk
v
o™ 9 +VS
l Q2 1 19] +IN
—vs p —VS
A2 —o OUTPUT
’ [%:]
3200x0 o.1v© Vo 3200k b
> o -Vg %

Figure 37. Amplifying Differential Signals with a Common-Mode Component
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ble 6. Recommended Values of Gain Resistors

1% Standard Table
sired Gain Value of Rg Resulting Gain
oo 5.00
200 kO 6.00
100 kQ 7.00
68.1 k() 7.94
51.1 kQ) 8.91
402 kQ) 9.98
20kQy 15.00
13.7 kQ) 19.60
10 k2 25.00
8.06 kO 29.81
5.76 k() 39.72
4,53 k() 49,15
3.65 kQ) 59.79
3.09 kO 69.72
2.67 k) 79.91
237 k0 89.39
0 2.1 kQ) 100.24
0 1.05 kQ) 195.48
0 4120 490.44
00 2050 980.61
:FERENCE TERMINAL

1¢ reference terminal potential defines the zero output voltage
d is especially useful when the load does not share a precise
>und with the rest of the system. It provides a direct means of
ecting a precise offset to the output. The reference terminal is
.0 useful when amplifying bipolar signals, because it provides
rirtual ground voltage.

1e AD627 output voltage is developed with respect to the poten-
10n the reference terminal; therefore, tying the REF pin to the
propriate local ground solves many grounding problems. For
timal CMR, tie the REF pin to a low impedance point.

IPUT RANGE LIMITATIONS IN SINGLE-SUPPLY
PPLICATIONS

general, the maximum achievable gain is determined by the
ailable output signal range. However, in single-supply applica-
»ns where the input common-mode voltage is nearly or equal
zero, some limitations on the gain can be set. Although the
ecification pages nominally define the input, output, and
ference pin ranges, the voltage ranges on these pins are
utually interdependent. Figure 37 shows the simplified
hematic of the AD627, driven by a differential voltage (Voirr)
at has a common-mode component, Veu. The voltage on the
1 op amp output is a function of Vo, Veu, the voltage on the
EF pin, and the programmed gain. This voltage is given by

a1 =125 (Vau + 0.5 V) = 0.25 Vaer + Vioirr (25 k€)/Re - 0.625) (1)

The voltage on A1 can also be expressed as a function of the
actual voltages on the -IN and +IN pins (V- and V+) such that

Var=125(V-+0.5V) -~ 0.25 Veer — (V+ - V=) 25 kQ/Rc (2)

The output of Al is capable of swinging to within 50 mV of the
negative rail and to within 200 mV of the positive rail. It is clear,
from either Equation 1 or Equation 2, that an increasing Vger
(while it acts as a positive offset at the output of the AD627)
tends to decrease the voltage on Al. Figure 38 and Figure 39
show the maximum voltages that can be applied to the REF pin
for a gain of 5 for both the single-supply and dual-supply cases.

5

. [

/ /
/ MAXIMUM Viggr /
/

Veer (V)
o

)
MINIMUM Viee

3 /
4 /
]

-5

00782-036

Vinl=) V)

Figure 38. Reference Input Voltage vs. Negative Input Voltage,
Vs=+5V,G=+5

/

) / MAXIMUM Ve
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/ /

Vrer (V)
w
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MINIMUM Vgee /

' /

0

o050 05 10 15 20 25 30 315 40
Vinli-HV)

»
]
00782037

Figure 39. Reference Input Voltage vs. Negative Input Voltage,
Vs=5V,G=+5

Raising the input common-mode voltage increases the voltage
on the output of Al. However, in single-supply applications
where the common-mode voltage is low, a differential input
voltage or a voltage on REF that is too high can drive the output
of Al into the ground rail. Some low-side headroom is added
because both inputs are shifted upwards by about 0.5 V (that is,
by the Ve of Q1 and Q2). Use Equation 1 and Equation 2 to
check whether the voltage on Amplifier Al is within its
operating range.
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Table 7. Maximum Gain for Low Common-Mode, Single-Supply Applications
Vin REF Pin | Supply Voltage | Rc (1% Tolerance) | Resulting Max Gain | Output Swing WRTOV
100 mV,Vem =0V 2V 5Vto 15V 28.7 k(2 12.0 08Vto3.2V
+50 mV,Vem =0V 2V S5Vto 15V 10.7 kQ 237 08Vto3.2V
+10mV,Ven =0V 2V S5Vio 15V 1.74 kO 119.9 0.8Vto3.2V
V—=0V,V+=0Vto1V 1V 10Vto 15V 78.7 k02 7.5 1Vto8.5V
V-=0V.V+=0mVtc 100 mV v 5Vto15V 7.87 kO 31 1Vto4.1V
V-=0V,V+=0mVto 10mV 1V SVto 15V 7.87 Q) 259.1 1Vto36V
Table 8. RTI Error Sources

Max Total RTI Offset Error (uV) Max Total RT1 Offset Drift (uWV/°C) Total RTI Noise (nV/vHz)
Gain AD627A AD627B AD627A AD6278B AD627A /AD6278B
+5 450 250 5 3 95
+10 350 200 4 2 66
+20 300 175 15 1.5 56
+50 270 160 32 1.2 53
+100 270 155 31 1.1 52
+500 252 151 3 1 52
+1000 251 151 3 1 52

Table 7 gives values for the maximum gain for various single-
supply input conditions. The resulting output swings refer to
0 V. To maximize the available gain and output swing, set the

INPUT AND OUTPUT OFFSET ERRORS

The low errors of the AD627 are attributed to two sources,

voltages on the REF pins to either 2'V or 1 V.- In most cases,
there is no advantage to increasing the single supply to greater
than 5 V (the exception is an input range of ¢ V to 1 V).

OUTPUT BUFFERING

The AD627 is designed to drive loads of 20 k) or greater, but
can deliver up to 20 mA to heavierloads at lower output voltage
swings (see Figure 10). If more than 20 mA of output current is
required at the output, buffer the AD627 output with a
precision op amp, such as the OP113. Figure 40 shows this for a
single supply. This op amp can swing from 0 V:to 4 V on its
output while driving a load as small as 600 .

+Vs

00782-038

Figure 40. Qutput Buffering

input.and-output errors. The cutput error is divided by G when
referred to the input. In practice, input errors dominate at high
gains and output errors dominate at low gains. The total offset
error for a given gain is calculated as

Total Error RTI'= Input Error+ (Qutput Error/Gain)
Total Error RTO = (Input Error x G) + Output Error

RTI offset errors'and noise voltages for different gains are listed
in Table 8,
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AKE VS.BUY: A TYPICAL APPLICATION ERROR

JDGET

¢ example in Figure 41 serves as a good comparison between
: errors associated with an integrated and a discrete in-amp
plementation. A 100 mV signal from a resistive bridge
smmon-mode voltage = 2.5 V) is amplified. This example
mpares the resulting errors from a discrete two-op amp in-

ip and the AD627. The discrete implementation uses a four-
istor precision network (1% match, 50 ppm/°C tracking).

e errors associated with each implementation {see Table 9)
>w the integrated in-amp to be more precise at both ambient

+5V

—t

+5V

R
4020 3 {1 AD627A
1%
100mvV +10ppm/°C
- N
= rd

AD627A GAIN = 9.98 (5+(200kVRg))

and overtemperature. Note that the discrete implementation is
more expensive, primarily due to the relatively high cost of the
low drift precision resistor network.

The input offset current of the discrete in-amp implementation
is the difference in the bias currents of the two-op-amps, not
the offset currents of the individual op amps. Also, although the
values of the resistor network are chosen so that the inverting
and noninverting inputs of each op amp see the same
impedance (about 350 ), the offset current of each op amp
adds another error that must be characterized.

s5v

LT10781SB

—0 Vout
LT10781SB

"HOMEBREW" IN AMP, G = +10
*1% REGISTER MATCH, 50ppm”C TRACKING

00782:039

Figure 41. Make vs. Buy

ible 9. Make vs. Buy Error Budget

Total Error | Total Error
AD627 Homebrew
ror Source ADG627 Circuit Calculation Homebrew Circuit Calculation (ppm) (ppm)
iSOLUTE ACCURACY at Ta=25°C
Total RTI Offset Voltage, mV {250 uV + (1000 pV/10))/ 100 mV. | (180V x 2)/100 mV 3,500 3,600
Input Offset Current, nA 1'nA X350 /100 mV 20nA x 3500/100 mV 35 70
internal Offset Current Notapplicable 0.7 nA x350 0100 mV 2.45
(Homebrew Only)
CMRR, d8 77 dB—141 ppm x 2.5V/100mV | (1% match x 2.5V)/10/100 mV 3,531 25,000
Gain 0.35% + 0.1% 1% match 13,500 10,000
Total Absolute Error 20,535 38,672
UFTTO 85°C
Gain Drift, ppm/°C (=75 + 10) ppm/°C x 60°C 50 ppm/°C X 60°C 3,900 3,000
Total RTI Offset Voltage, mV/°C | (3.0 uv/°C + (10 pvV/°C/10)) x (2 x 3.5 yv/°PC x 60°C)/100 mY 2,600 4,200
60°C/100 mV
Input Offset Current, pA/°C {16 pA/PC x 350 A x 60°C)/100 MV | (33 pA/°C % 350 01 x 60°C)/100 mV 35 7
Total Drift Error 6,504 7,207
Grand Total Error 27,039 45,879
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ERRORS DUE TO AC CMRR

In Table 9, the error due to common-mode rejection results
from the common-mode voltage from the bridge 2.5 V. The

ac error due to less than ideal common-mode rejection cannot
be calculated without knowing the size of the ac common-mode
voltage (usually interference from 50 Hz/60 Hz mains frequencies).

A mismatch of 0.1% between the four gain setting resistors
determines the low frequency CMRR of a two op amp in-amp.
The plot in Figure 42 shows the practical results of resistor
mismatch at ambient temperature.

The CMRR of the circuit in Figure 43 (Gain = +11) was
measured using four resistors with a mismatch of nearly 0.1%
(R1 =9999.5 2, R2 = 999.76 2, R3 = 1000.2 0, R4 = 9997.7 (2).
As expected, the CMRR at dc was measured at about 84 dB
(calculated value is 85 dB). However, as frequency increases,
CMRR quickly degrades. For example, a 200 mV p-p harmonic
of the mains frequency at 180 Hz would result in an output
voltage of about 800 pV. To put this in context, a12-bit data
acquisition system, with an input range of 0.V t0 2.5 V,has an
LSB weighting of 610 pV.

By contrast, the AD627 uses precision laser trimming of
internal resistors, along with patented CMR trimming, to yield
a higher dc CMRR and a wider bandwidth over which the
CMRR is flat (see Figure 23).

VIN=-

VIN+

AV AR Vg

R1
9997.70)

R1
8999.5Q} 999.76Q2

®0782-040

Figure 42. 0.1% Resistor Mismatch Example
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Figure 43. CMRR over Frequency of Discrete In-Amp in Figure 42

GROUND RETURNS FOR INPUT BIAS CURRENTS

Input bias currents are dc currents that must flow to bias the input
transistors of an amplifier. They are usually transistor base currents.
When amplifying floating input sources, such as transformers,

or ac-coupled sources, there-must be a direct dc path into each
input so that the bias current can flow. Figure 44, Figure 45, and
Figure 46 show how to provide a bias current path for the cases of,
respectively, transformer coupling, athermocouple application, and
capacitive ac-coupling.

In dc-coupled resistive bridge applications, providing this path
is generally not necessary because the bias current simply flows
from the bridge supply through the bridge and into the amplifier.
However, if the impedance that the two inputs see are large, and
differ by a large amount (>10 k€2); the offset current of the
input stage causes dc errors compatible with the input offset
voltage of the amplifier.

—INPUT Yo

7

3
:3 RG AD627 6 p—0 VOUT
8 5

n +INPUT A 4 REFERENCE

[Coa]
Vs TO POWER 2
» SUPPLY &
GROUND &

Figure 44. Ground Returns for Bias Currents with Transformer Coupled Inputs

+Vg
-INPUT

7
Rg AD627 6 —0 Vour

8 5
- +INPUT 3 4 REFERENCE

[Loan]

Vs TO POWER 3
» » SUPPLY &
GROUND 2

Figure 45. Ground Returns for Bias Currents with Thermocouple Inputs
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Figure 46. Ground Returns for Bias Currents with AC-Coupled Inputs

\YOUT AND GROUNDING

e use of ground planes is recommended to minimize the
pedance of ground returns {and hence, the size of dcerrors).
isolate low level analog signals from a noisy digital
vironment, many data acquisition components have separate
alog and digital ground returns {Figure 47}. Return all
>und pins from mixed signal components, such as analog-to-
sital converters, through the high guality analog ground

wne, Digital ground lines of mixed signal components should

00782-044

o be returned through the analog ground plane. This might
»m to break the rule of separating analog and digital grounds;
wever, in general, there is also a requirement-to keep the

=5V

ANALOG POWER SUPPLY

voltage difference between digital and analog grounds on a
converter as small as possible (typically, <0.3 V). The increased
noise, caused by the digital return currents of the converter
flowing through the analog ground plane, is generally
negligible. To maximize isolation between analog and digital,
connect the ground planes back at the supplies.

If there is only one power supply available, it must be shared by
both digital and analog circuitry. Figure 48 shows how to
minimize interference between the digital and analog circuitry.
As in the previous case, use separate analog and digital ground
planes or use reasonably thick traces as an alternative to a
digital ground plane. Connect the ground planes at the ground
pin of the'power supply. Run separate traces (or power planes)
from the power supply to.the supply pins of the digital and
analog circuits. Ideally, each device should have its own power
supply trace, but they can be shared by multiple devices if a
single trace is not-used to route current to both digital and
analog circuitry.

DIGITAL POWER SUPPLY
GND +5V
Y} )

ADC

Voo

AGND Voo

=S N/
AGND

AD7892-2

DGND

#PROCESSOR

00782-045

Figure 47. Optimal Grounding Practice fora Bipolar Supply Environmentwith Separate Analog and Digital Supplies
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Figure 48. Optimal Ground Practice in a Single-Supply Environment
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INPUT PROTECTION

As shown in the simplified schematic {Figure 35), both the
inverting and noninverting inputs are clamped to the positive
and negative supplies by ESD diodes. In addition, a 2 k() series
resistor on each input provides current limiting in the event of
an overvoltage. These ESD diodes can tolerate a maximum
continuous current of 1¢ mA. So an overvoltage (that is, the
amount by which the input voltage exceeds the supply voltage)
of +20 V can be tolerated. This is true for all gains, and for
power on and off. This last case is particularly important
because the signal source and amplifier can be powered
separately.

If the overvoltage is expected to exceed 20 V, use additional
external series current-limiting resistors to keep the diode
current below 10 mA.

RF INTERFERENCE

All instrumentation amplifiers can rectify high frequency out-
of-band signals. Once rectified, these signals appear as dc offset
errors at the output. The circuit in Figure 49 provides good RFI
suppression without reducing performance within the pass
band of the in-amp. Resistor Rl and Capacitor Cl (and
likewise, R2 and C2) form a low-pass RC filter that has a <3 dB
BW equal to

F=1/2n(R1 x CI)).

Using the component values shown in Figure 49, this filter has
a -3 dB bandwidth of approximately 8 kHz. Resistor R1 and
Resistor R2 were selected to be large enough to isolate the circuit
input from the capacitors, but notlarge enough to significantly
increase circuit noise. To preserve common-mode rejection in
the amplifier pass band, Capacitor Cl and Capacitor C2 must
be 5% mica units, or low cost 20% units can be tested and
binned to provide closely matched devices,

Capacitor C3 is needed to maintain common-mode rejection at
low frequencies. R1/R2 and C1/C2 form a bridge circuit whose
output appears across the input pins of the in-amp. Any mismatch
between C1 and C2 unbalances the bridge and reduces
common-mode rejection. C3 ensures that any RF signals are
common mode (the same on both in-amp inputs) and are not
applied differentially. This second low-pass network, R1 + R2
and C3, has a -3 dB frequency equal to

1/(2n((R1 + R2) x C3))

+IN o e
R2 c3 J_
20k p.022.F Rg Vour
1%
AN ©
c2 |
1000pF
e 0.334F

&
w
00782047

Figure 49. Circuit to Attenuate AF Interference

Using a C3 value of 0.022 pF, as shown in Figure 49, the -3 dB
signal bandwidth of this circuit is approximately 200 Hz. The
typical dc offset shift over frequency is less than 1 mV and the
RF signal rejection of the circuit is better than 57 dB. To
increase the-3 dBsignal bandwidth-of this circuit, reduce the
value of Resistor R1 and Resistor R2. The performance is similar to
that'when using 20 kQ resistors, except that the circuitry preceding
the in-amp must drive a lower impedance load.

When building a circuit like that shown in Figure 49, use a PC
board with a ground plane on both sides. Make all component
leads as short as possible. Resistor R1 and Resistor R2 can be
common 1% metal film units, but Capacitor C1 and Capacitor C2
must be £5% tolerance devices to avoid degrading the common-
mode rejection of the circuit. Either the traditional 5% silver mica
units or Panasonic £2% PPS film capacitors are recommended.
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PLICATIONS CIRCUITS

.ASSIC BRIDGE CIRCUIT

rure 50 shows the AD627 configured to amplify the signal
am a classic resistive bridge. This circuit works in dual-supply
»de or single-supply mode. Typically, the same voltage that
wers the in-amp excites the bridge. Connecting the bottom of
: bridge to the negative supply of the in-amp (usually 0 V, -5
—12V, or —15 V), sets up an input common-mode voltage
1t is optimally located midway between the supply voltages. It
also appropriate to set the voltage on the REF pin to midway
tween the supplies, especially if the input signal is bipolar.
»wever, the voltage on the REF pin can be varied to suit the
plication. For example: the REF pin is tied to the Vs pin of
analog-to-digital converter (ADC) whose inputrange is
wer + Vin). With an available output swing on the AD627 of
Vs+ 100 mV) to (+Vs — 150 mV), the maximum programmable
in is simply this output range divided by the input range.

+Vg
0.1uF
\'—“—%
Iy <
/Km Re - Z00KL ¢ | AD627 Vour
Y ~)
PR e

Vg

00782048

Figure 50. Classic Bridge Circuit

4 TO 20 mA SINGLE-SUPPLY RECEIVER

Figure 51 shows how a signal from a 4 to 20 mA transducer can
be interfaced to the ADuC812, a 12-bit ADC with an embedded
microcontroller. The signal from a 4 to 20 mA transducer is
single ended. This initially suggests the need for a simple shunt
resistor, to convert the current to a voltage at the high
impedance analog input of the converter. However, any line
resistance in the return path (to the transducer) adds a current
dependent offset error, therefore, the current must be sensed
differentially.

In this example;a.24.90 shunt resistor generates a maximum
differential input voltage to the AD627 of between 100 mV (for
4 mA in)and 500 mV (for 20 mA in). With no gain resistor
present; the AD627 amplifies the 500 mV input voitage by a
factorof'5, to 2.5 V, the full-scale input voltage of the ADC. The
zero current of 4 mA corresponds to a code of 819 and the LSB
size'is 610 pA.

THERMOCOUPLE AMPLIFIER

Because the common-mode input range of the AD627 extends
0.1 V. below ground, it is possible to measure small differential
signals that havea low, or no, common-mode component.
Figure 51 shows a thermocouple application where one side of
the J-type thermocouple is grounded.

Over a temperature range from —200°C.to +200°C, the J-type
thermocouple delivers a voltage ranging from ~7.890 mV to
+10.777 mV. A programmed gain on the AD627 of 100 (Rg =
2:1. kQ) and a voltage on the AD627 REF pin of 2 V results in
the output voltage of the AD267 ranging from 1.110 V to

3.077 V relative to ground. For adifferent input range or
different voltage on the REF pin, it is important to verify that
the voltage on Internal Node A1 (see Figure 37) is not driven
below ground. This can be checked using the equations in the
Input Range Limitations in 8ingle-Supply Applications section.

J-TYPE
THERMOCOUPLE

sv
2 A
0.1uF
™ %
02 +
28 | ADB27 >—ovour
2 _ REF
= VRerF

<H
00782-D50

Figure 51. Amplifying Bipolar Signals with Low Common-Mode Voltage
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4-20mA
TRANSDUCER

L}

iy (s

LINE
IMPEDANCE

4-20mA) 2090 3 G=+5| AD627

sV 5V
0.1uF 0.1uF
VReF AVDO pvDD
ADucCsg1t2
AINO-7  MICROCONVERTER®
AGND DGND

Figure 52. 4 to 20 mA Receiver Circuit
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JTLINE DIMENSIONS
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1 0.330 (10}
) 4] 9240 (6.10) 0.325 (8.26) ¥ 5 5
PIN 1_/5' s ? L) [) 0.310 (7.87) 4.00 (0.1574) 6.20 (0.2440)
0. 100 (z 54) 0.300 (7.62) 3.80 (()‘_'1491) 1 4[| 5.80 (0.2284)
0.060 {1.52) 0.195 (4.95)
("52:,'3‘; MA"'| 0130 (3.30) H_ﬁ ':LH
0.015 ) 0.115 (2.92) 1.27 (0.0500) 050 (0.0136)
50 (3. 81) 03 e 018 (0.38) BSC 1.75 (0.0688) "‘ [+ 5.5 {6.0088) -
30 (3.30) AUG 0.014:(0556 0.25 (0.0008) [F—— 1.35 (0.0532)
15 ‘7—92' \semus BLARE LR il .15 (0.0040) ¢ \I| [ 1 []J
0.010 {0.25) PO
I‘___" 0.008 {0.20) 0.51 {0.0201) = e
9.022 (0.58) “) | 0.005 (0.13) 0.430 (10.52) COPLANARITY.. o 8™ 031 (0.0122) 0.25 (0.0098) 0° 1.27 (0.0500)
0.018 (0. 45) * MIN MAX 0.10 s A
0,014 (0.36)
0.070 (1.78) COMPLIANT TQ JEDEC STANDARDS MS-012-AA
CONTROLLY MENSIONS ARE IN MILLIMETERS; INCH DIMENSIONS
0.060 (1.52) ONTROLLING DI S ARE IN
0.045 {1.14) {IN PARENTHESES) ARE ROUNDED-OFF MILLIMETER EQUIVALENTS FOR
- : REFERENCE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN

COMPLIANT TO JEDEC STANDARDS MS-001-BA

CONTROLLING DIMENSIONS ARE IN INCHES; MILLIMETER DIMENSIONS
(IN PARENTHESES) ARE ROUNDED-OFF INCH EQUIVALENTS FOR
REFERENGE ONLY AND ARE NOT APPROPRIATE FOR USE IN DESIGN.
CORNER LEADS MAY BE CONFIGURED AS WHOLE OR HALF LEADS,

Figure 53. 8-Lead Plastic Dual In-Line Package [PDIP]

Narrow Body (N-8)

Dimensions shown in inches and (millimeters)

Figure 54. 8-Lead Small Standard Outline Package [SOIC_N]
Narrow Body (R-8)

Dimensions shown in millimeters {and inches)
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RDERING GUIDE

odel Temperature Range Package Description Package Option
627 AN —-40°C to +85°C 8-Lead Plastic Dual in-Line Package [PDIP] N-8
J627ANZ! —40°C'to +85°C 8-Lead Plastic DualIn-Line Package [PDIP] N-8
)627AR —40°C to +85°C 8-Lead Small Standard Outline [SOIC_N] R-8
2627AR-REEL —-40°C 10 +85°C 8-Lead Small Standard Outline [SOIC_N] R-8
J627AR-REEL7 ~40°C to +85°C 8-Lead Small Standard Cutline [SOIC_N] R-8
J627ARZ! -40°C to +85°C 8-Lead Small Standard Outline [SOIC_N] R-8
)627ARZ-R7" —40°C to +85°C 8-Lead Small.Standard Outline [SOIC_N] R-8
J627ARZ-RL —40°C to +85°C 8-Lead Small Standard Outline [SOIC_N] R-8
J627BN —40°C to +85°C 8-Lead Plastic Dual In-Line Package [PDIP] N-8
J627BNZ —40°C to +85°C 8-Lead Plastic Dual In-Line Package [PDIP] N-8
J627BR —40°C to +85°C 8-Lead Small Standard Outline {SOIC_N) R-8
J627BR-REEL —40°C to +85°C 8-Lead Small! Standard Outline [SOIC_N] R-8
2627BR-REEL7 —40°C to +85°C 8-Lead Small Standard Outline [SOIC_N] R-8
J627BRZ! —-40°C to +85°C 8-Lead Small Standard Outline [SOIC_N] R-8
2627BRZ-RL —40°C to +85°C 8-Lead Small Standard Qutline [SOIC_N] R-8
J627BRZ-R7' -40°C to +85°C 8-Lead Smali Standard Qutline [SOIC_N] R-8
.= Pb-free part.
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