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Nerve Conduction Velocity Measurement
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Abstract

This project is concerned about implementation of a Nerve Velocity Measurement Device. By using
built in electrical stimulator of 0-60 volts output with 20 mS duration, the resulting evoked potential is shown
on a graphic LCD. An isolated adjustable gain instrumentation amplifier is used to amplify the evoke
potential. The nerve conduction velocity can be calculated by response time and distance from a stimulating

point to a measuring evoked potential electrode.
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Reset

Name Bit7 Bit 6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 Bit 0 Values
on page
TMROL Timer0O Register, Low Byte 50
TMROH Timer0 Register, High Byte 50
INTCON GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE | TMROIF | INTOIF RBIF 49
TOCON TMROON | TO8BIT TOCS TOSE PSA TOPS2 | TOPS1 | TOPSO 50
TRISA RA7() RrAsY RAS RA4 RA3 RA2 RA1 RAO 52

Legend: Shaded cells are not used by Timer0.

Note 1: PORTA<7:6> and their direction bits are individually configured as port pins based on various primary

oscillator modes. When disabled, these bits read as ‘o,

U

519 2.2 Register NNeIVDIAY Timer0

Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values

on page
INTCON | GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE | TMROIF | INTOIF RBIF 49
PIR1 PSPIFM ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMRI1IE 52
PIE1 PSPIEM | ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMRIIE 52
IPR1 PSPIPY | ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP 52
TMR1L Timer1 Register, Low Byte 50
TMR1H Timer1 Register, High Byte 50
T1CON RD16 | TIRUN |T1CKPS1[T1CKPSO0|T10SCEN] TISYNC | TMRICS | TMRION | 50
Legend: Shaded cells are not used by the Timer1 module.
Note 1: These bits are unimplemented on 28-pin devices; always maintain these bits clear.

gﬂﬁ 2.3 Register NAeIDIAY Timerl
Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values

on page
INTCON | GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 49
PIR1 pspiE() ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMRIIF 52
PIE1 pspiE) | ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 52
IPR1 PSPIP() ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP 52
TMR2  |Timer2 Register a0
T2CON — T20UTPS3|T20UTPS2| T20UTPS1| T20UTPSO | TMR2ON | T2CKPS1 | T2CKPSO 50
PR2 Timer2 Period Register 50
Legend: — =unimplemented, read as ‘0’. Shaded cells are not used by the Timer2 module.

Note 1: These bits are unimplemented on 28-pin devices: always maintain these bits clear.
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v




Reset
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page
INTCON | GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE TMROiF INTOIF RBIF 49
PiR2 OSCFIF CMIF — EEIF BCLIF HLVDIF | TMRS3IF | CCP2IF 52
PiE2 OSCFIE CMIE — EEIE BCLIE HLVDIE | TMR3IE | CCP2IE 52
IPR2 OSCFIP CMIP — EEIP BCLIP HLVDIP | TMR3IP | CCP2IP 52
TMR3L Timer3 Register, Low Byte 51
TMR3H Timer3 Register, High Byte 51
T1CON RD16 TIRUN |T1CKPS1 [T1CKPSO [T10SCEN| TISYNC | TMRICS | TMR1ON 50
T3CON RD16 T3CCP2 [T3CKPS1 | T3CKPSO| T3CCP1 | T3SYNC | TMR3CS | TMR30ON 51
Legend: — = unimplemented, read as ‘¢’. Shaded cells are not used by the Timer3 module.
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[1] www.infoisfree.com/drupal/?q=book/export/html/7
[2] http://neurologycoffecup.wordpress.com/2009/01/26/nerve-conduction-study/
[3] http://www.yourhealthyguide.com/article/aj-locked-finger.html

[4] EM. Spinelli, R. Palla-Aren y, M. A. Mayosky, A.C Coupling Font-End for Biopotential Measurements,

IEEE Trans. Biomed. Eng. vol.50, no.3, pp.393-395, March 2003.

36



HNANUIN



SHARP

PC817 Series

PC817 Series

High Density Mounting Type
Photocoupler

# Lead forming type (I type) and taping reel type (P type) are also available. (PC8171/PC817P) (Page 656)
% % TUV (VDE0884) approved type is also available as an option.

Bl Features
" 1. Current transfer ratio

(CTR : MIN. 50% at Ir=5mA)

2. High isolation voltage between input and
output (Vi © 5 000V )

3. Compact dual-in-line package
PC817 . 1-channel type
PC827 : 2-channel type
PC837 . 3-channel type
PC847 : 4-channel type

4. Recognized by UL, file No. E64380

H Applications

1. Computer terminals

2. System appliances, measuring instruments

3. Registers, copiers, automatic vending
machines

4. Electric home appliances, such as fan
heaters, etc.

5. Medical instruments, physical and chemical
equipment

6. Signal transmission between circuits of
different potentials and impedances

(Unit : mm)

Resln A PC827 ‘
: 254025 Internal connection diagram 0544025 Internal connection diagram
o 1o ©Q ®ol ® 9 ®0 ®®
CTR N no
rank_mark §§§ e Pl %! §!§ LY,
o [To]
Anode mark > o [H'[ AT o ° o fBW raq»l
@L“—‘* P ®TC5HJL® 0o 0® ©® Ancde
' 0.9%02 = ®@® Cathode
1.2*03 ®@ Emitter
Collector
s 0 4_58t0.5
£ o3 e
Ta Lk
a ostot!
PC837 :
Internal connection
";5 ‘2354 ‘1025 diagram
Elelo] @@ 00 oD WEs® O ©
'§ qr'h?ﬁhnnhﬁlq v U v v U l)_[l U
<\Bi B1 Bilt i
gi 81 Li|y el sl (Bl (e
= POO® 66
® OR® Anode
Cathode
Emitter
Collector
7.62103 9
H
N~
N
/ 3 —T 4]
/ +
@ o\ 0.5%0 e 6=0 to 13
‘f‘a—o fo 13° 1 OAED Anode @(X309 Emitter
7 @@®® Cathode @QRQ® Collector

BN 5180798 0011741 DTS5 WM

“In the absence of confimnation by device specification sheets, SHARP takes no responsibility for any defects that occur in equipment using any of SHARP's devices, shown in catalogs,
data_books, etc. Contact SHARP in order to obtain the latest version of the device specification sheets before using any SHARP's device.”
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SHARP PC817 Series

S R Al s i R e i
B Absolute Maximum Ratings tha—25C)
Parameter Symbol Rating Unit
Forward current Ir 50 mA
*Peak forward current Irm 1 A
Input
Reverse voltage Vr 6 A%
Power dissipation P 70 mW
Collector -emitter voltage Vceo 35 \Y
Ot Emitter-collector voltage VEco 6 \Y
Collector current Ic 50 mA
Collector power dissipation Pc 150 mW
Total power dissipation Prat 200 mwW
*[solation voltage Viso 5 000 Vims
Operating temperature Topr —30 to +100 1
Storage temperature Teg —55 to +125 C
®Soldering temperature Tsal 260 C
%1 Pulse width=100 s, Duty ratio=0.001
*2 40 to 60%RH, AC for 1 minute
*3 For 10 seconds
l Electro-optical Characteristics (Ta=257C)
Parameter Symbol Conditions MIN. TYP. | MAX. | Unit
Forward voltage VF Ir=20mA & 1.2 1.4 A
e Peak forward voltage Vrm Irm=0.5A = = 3.0 v
Reverse current Ir Vr=4V -2 % 10 uA
; Terminal capacitance C V=0, f=1kHz - 30 250 pF
Output | Collector dark current Iceo Vee=20V =| ¥ 107 A
*Current transfer ratio CTR Ir=5mA, Vce=5V 50 5 600 %
Collector-emitter saturation voltage | Vceway | IF=20mA, Ic=1mA — 0.1 0.2 A%
Transfer| Isolation resistance Riso DC500V, 40 to 60%RH 5x101 | 10" - Q
charac- | Floating capacitance Ct V=0, {=1MHz ey 0.6 1.0 pF
teristics | Cut-off frequency - 5 V=5V, Ic=2mA, RL=10002, —3dB - 80 - kHz
M Rise time tr = 4 18 uSs
Response time Fall time 7 Vee=2V, Ic=2mA, RL.=100Q o 3 T o
*4 Classification table of current transfer ratio Fig. 1 Forward Current vs.
is shown below. Ambient Temperature
60
Model No. Rank mark CTR (%)
PC817A A 80 to 160 © 50
PC817B ‘B 130 to 260 £ \
PC817C C 200 to 400 w40 N
PC817D D 300 to 600 g \
PC83%7AB A or B 80 to 260 £
PC837BC Bor C 130 to 400 k<) ; \
PC8%7CD Cor D 200 to 600 = 2 \
PC83%7AC A, BorC 80 to 400 &
PC8%7BD - B, CorD 130 to 600 10
PC8¥7AD A B CorD 80 to 600 0
PC83x%7 A, B, C, D or No mark 50 to 600 —25 0 25 50 75 100 125
% :lor2or3ord Ambient temperature T, (C)
438
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SHARP PC817 Series

SRS 5T WIS
Fig. 2 Collector Power Dissipation VS. Fig. 3 Peak Forward Current vs. Duty Ratio
. g
Ambient Temperature
200 10000
S Pulse width <100 is
BE 5000 T,=25C
n; 150 E 200
g = 1000
E T‘E 500
= E
2 100 AN 5 200 e L
g \ T 10
& \ B 80
5 50 B3}
8 \ s 20
S & o
0 5
—30 0 25 50 75 100 188 Bagl) oM 5N =2 2 e Rl 58
Ambient temperature T 5 (C) Duty ratio
Fig. 4 Current Transfer Ratio vs. Fig. 5 Forward Cumrent vs. Forward Voltage
Forward Current
200 T T
= 180 Vcesal M= T=se
é? Ta=25“c 200 1 ~ R 'l"*('l —
o 160 30C i | N\ T
S 1 0 g 100 : ."k 0.(:
4 T ——
5 T Ba AUPL 3 ¥
g 120 2= = 1)
§ w— B (S 1
© 80 / 3 10 paans E
2 e B THE o
5 60 E 5 l'lll g_
5 ) o
S 40 = 2 3
b
28 1 E
1 2 5 10 20 50 ¢ 0sLITod® s By 25 30 35
Forward current Ig (mA) Forward voltage Vg (V) Lesvmn
Fig. 6 Collector Current vs. Fig. 7 Relative Current Transfer Ratio vs.
Collector -emitter Voltage Ambient Temperature
30— 5 150
IF=30 ‘\\ Ta=25C A Ir=5mA
25 . X Veg=5V
-~ T T ~
= 20mi~ M Pc(MAX.) g
~d i
& 9 / P BT
ity [ I~. &
2 / g ]
RS 5
2 lOn_lf\___________-——-—"" ‘éE;; <
b ___,..-—-"""— =
§ 10H-A 3 50
1 [
= 2
8 5mA] Z
: &
0 0
(R T ey L e e e —30 0 25 50 75 100
Collector -emitter voltage Vcg (V) Ambient temperature T, (C)
B 28180798 0011743 974 HE
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SHARP PC817 Series

T T S A D RS T e e R A KBS e LA =0 S eV
Fig. 8 Collector-emitter Saturation Voltage vs. Fig. 9 Collector Dark Current vs.
= Ambient Temperature 2 sAml:ient Temperature
= 016 =
3 ] Ip=20mA Vep=20V
g 014 s
> Ic=1mA I W —
[ Q A
5 0.12 § i /',
S —~ 10 —
0.10 c o
8 / ?:J 7
€ 008 ,/ 3 10-8 P
£ o
5 / ﬁ II/
] 3 7
5 0.06 = v 10-9 P
.“é 8 I/
5004 2 =
S S 1010 EM
= 002 2 =7
” 0 10U /,
—25 0 25 50 75 100 —-25 0 25 50 75 100
Ambient temperature T, (°C) Ambient temperature T, ('C)
Fig.10 Response Time vs. Load Resistance Fig.11 Frequency Response
500
200 e e 2
100 Ic=2mA I Ic=2mA
Ta=25C Z=s 0 - s g T,=25C
= 50 mas g
X t >
: 20 T ;/ 4 N \\
E 10 Ll U = N \00Q
-5 1 |~
— I oy & \ 1kQ
gt o ] z Y \RL=10kQ
S ta e 50 X
& 2 - ] o\
QL o
&5l o) i o \ \
- \C T
-20 \ \
0.2
0.1

0.1 1 10 0.5.41 2 5 10%%0 50 100 200 500
Frequency f (kHz)

Fig.12 Collector-emitter Saturation
Voltage vs. Forward Current

Load resistance Ry (kQ)

Test Circuit for Response Time

NG
Output = 9 Ic=05mA
Input  Rp RL3 Output \ ““““ ~ /A 10% % 1mA
2.
| N f-1-90% 1 3mA
'd ts ; g 5mA
t |t B2 7mA
=
Test Circuit for Frepuency Response 3
Voo )
g
Sl G
o
2 \ L‘
3 0
O 5 10 15

Forward current Ir (mA)

® Please refer to the chapter “Precautions for Use” (Page 78 to 93)
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BURR - BROWN ®

INA121

FET-Input, Low Power
INSTRUMENTATION AMPLIFIER

FEATURES DESCRIPTION

® LOW BIAS CURRENT: +4pA The INA121 is a FET-input, low power instrumenta-
® LOW QUIESCENT CURRENT: 450pA tion amplifier offering excellent accuracy. Its versatile

® LOW INPUT OFFSET VOLTAGE: 42004V t‘hree-op‘amp design and very sma[l.51z§ make it 1dc?a1
- for a variety of general purpose applications. Low bias

® LOW INPUT OFFSET DRIFT: £2,v/°C current (+4pA) allows use with high impedance
® LOW INPUT NOISE: sources.

20nVINHz at f = 1kHz (G =100) Gain can be set from 1V to 10,000V/V with a single
® HIGH CMR: 106dB external resistor. Internal input protection can with-
® WIDE SUPPLY RANGE: $2.25V to +18V stand up to 40V without damage.
® LOW NONLINEARITY ERROR: 0.001% max The INAI121 is laser-trimmed for very low offset
® INPUT PROTECTION TO +40V voltage (£200uV), low offset drift (£2uV/°C), and

high common-mode rejection (106dB at G = 100). It
operates on power supplies as low as £2.25V (+4.5V),
allowing use in battery operated and single 5V sys-

APP LI CATI O N S tems. Quiescent current is only 450uA.

@® 8-PIN DIP AND SO-8 SURFACE MOUNT

® LOW-LEVEL TRANSDUCER AMPLIFIERS Package options include 8-pin plastic DIP and SO-8
Bridge, RTD, Thermocouple surface mount. All are specified for the —40°C to
® PHYSIOLOGICAL AMPLIFIERS +85°C industrial temperature range.

ECG, EEG, EMG, Respiratory
® HIGH IMPEDANCE TRANSDUCERS
® CAPACITIVE SENSORS
® MULTI-CHANNEL DATA ACQUISITION
@® PORTABLE, BATTERY OPERATED SYSTEMS
® GENERAL PURPOSE INSTRUMENTATION Vit

4

S INA121
s ver-Voltage
Vin© Protection s
A G=1+ 50k
; - 40kQ 40kQ Rg
25kQ
g 6
Rg A, —O Vo
5 +
25kQ
+ 3| [Over-Voltage 2
Vin Protection iy a0k LA
!
Vi

International Airport Industrial Park « Mailing Address: PO Box 11400, Tucson, AZ 85734 « Street Address: 6730 S. Tucson Blvd., Tucson, AZ 85706 « Tel: (520) 746-1111 » Twx: 910-952-1111
Internet: hitp:/lwww.burr-brown.com/ « FAXLine: (800) 548-6133 (US/Canada Only) + Cable: BBRCORP * Telex: 066-6431 ¢ FAX: (520) 889-1510 + Immediate Product Info: (800) 548-6132

©1997 Burr-Brown Corporation PDS-1412A Printed in U.S.A. May, 1998



SPECIFICATIONS: Vg = +15V

At Ta = +25°C, Vg = 215V, R = 10k, and IA reference = 0V, unless otherwise noted.

INA121P, U INA121PA, UA
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
INPUT
Offset Voltage, RTI +200+200/G | £500+500/G +3004£200/G |+1000+£1000/G nv
vs Temperature +242/G +5+20/G * +15+20/G nv/ree
vs Power Supply Vg =12.25V to 18V +54+20/G +50+150/G * * nviv
Long-Term Stability. +0.5 * uVvimo
Impedance, Differential 1021 * Q|| pF
Common-Mode Vo =0V 102|112 * Q|| pF
Input Voltage Range See Text and Typical Curves *
Safe Input Voltage +40 * \
Common-Mode Rejection Ven =-12.5V to 13.5V
G=1 78 86 72 * dB
G =10 91 100 85 * dB
G =100 96 106 90 * dB
G = 1000 106 * dB
BIAS CURRENT Vew =0V +4 +50 * * pA
vs Temperature See Typical Curve *
Offset Current +0.5 | ¥ pA
vs Temperature See Typical Curve *
NOISE, RTI Rg=0Q
Voltage Noise: f = 10Hz G =100 30 * nVAHz
f=100Hz G =100 21 * nVANHz
f= 1kHz G =100 20 * nVAHz
f=0.1Hz to 10Hz G =100 1 * rVp-p
Current Noise: f = 1kHz 1 * fANHZ
GAIN
Gain Equation 1 + (50kYRg), * VIV
Range of Gain 1 10,000 * * \7\%
Gain Error Vo =-14V to 13.5V
G=1 +0.01 +0.05 * +0.1 %
G=10 +0.03 +0.4 * 0.5 %
G =100 +0.05 0.5 * 0.7 %
G = 1000 0.5 * %
Gain vs Temperature(!) G=1 +1 +10 * * ppm/C
G>1 +25 +100 * * ppm/C
Nonlinearity Vo =-14V to 13.5V
G=1 +0.0002 +0.001 * +0.002 % of FSR
G =10 10.0015 +0.005 * +0.008 % of FSR
G =100 +0.0015 +0.005 * +0.008 % of FSR
G = 1000 +0.002 * % of FSR
OUTPUT
Voltage: Positive R, = 100k (V+)-0.9 * Y
Negative R = 100kQ (V-)+0.15 * \
Positive R = 10kQ (V+)-15 (V+)-0.9 * * \
Negative R, = 10kQ (V=)+1 (V-)+0.25 * * \Y
Capacitance Load Drive 1000 * pF
Short-Circuit Current +14 * mA
FREQUENCY RESPONSE
Bandwidth, —-3dB G=1 600 * kHz
G =10 300 * kHz
G =100 50 * kHz
G = 1000 5 ¥* kHz
Slew Rate Vo = +10V, G <10 0.7 * Vius
Settling Time, 0.01% G=11t 10 20 * us
G =100 35 * us
G = 1000 260 * us
Overload Recovery 50% Input Overload 5 * us
POWER SUPPLY
Voltage Range 2.25 +15 +18 * * * "
Quiescent Current lo =0V +450 1525 * * MA
TEMPERATURE RANGE
Specification -40 85 * * °C
Operating -55 125 ¥ * °C
Storage -55 125 * * °C
Thermal Resistance, 65
8-Lead DIP 100 * °CIW
SO-8 Surface Mount 150 * °CIW

* Specification same as INA121P, U.
NOTE: (1) Temperature coefficient of the “Internal Resistor” in the gain equation. Does not include TCR of gain-setting resistor, Rg.

BURR - BROWN®

INA121




PIN CONFIGURATION

Top View 8-Pin DIP and SO-8

Top View

&/

i
SOEE
-

ABSOLUTE MAXIMUM RATINGS(

Supply:Voltage ..t g +18V
Analog Input Voltage Range
Output Short-Circuit (to ground)
Operating Temperature ..
Storage Temperature... -55°C to +125°C
Junction Temperature .. ... H 15056

—55°C to +125°C

Lead Temperature (soldering, 10S)i............ussseese ) ssssmssvesens siserss +300°C

NOTE: (1) Stresses above these ratings may cause permanent damage.
Exposure to absolute maximum conditions for extended periods may degrade
device reliability.

PACKAGE/ORDERING INFORMATION

ELECTROSTATIC
DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling
and installation procedures can cause damage.

ESD damage can range from subtlc performance degradation
to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric
changes could cause the device not to meet its published
specifications.

PACKAGE SPECIFIED
DRAWING TEMPERATURE PACKAGE ORDERING TRANSPORT
PRODUCT PACKAGE NUMBER(1) RANGE MARKING NUMBER(2) MEDIA
Single A
INA121P 8-Pin DIP 006 —40°C to +85°C INA121P INA121P Rails
INA121PA 8-Pin DIP 006 —40°C to +85°C INA121PA INA121PA Rails
INA121U S0-8 Surface-Mount 182 —40°C to +85°C INA121U INA121U Rails
5 o b I 4 INA121U/2K5 Tape and Reel
INA121UA SO-8 Surface-Mount 182 —40°C to +85°C INA121UA INA121UA Rails
& 2 W = INA121UA/2KS Tape and Reel

NOTES: (1) For detailed drawing and dimension table, please see end of data sheet, or Appendix C of Burr-Brown IC Data Book. (2) Models with a slash (/) are
available only in Tape and Reel in the quantities indicated (e.g., /2K5 indicates 2500 devices per reel). Ordering 2500 pieces of “INA121U/2K5" will get a single
2500-piece Tape and Reel. For detailed Tape and Reel mechanical information, refer to Appendix B of Burr-Brown IC Data Book.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant

any BURR-BROWN product for use in life support devices and/or systems.

(U8 ]
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TYPICAL PERFORMANCE CURVES

At Ty = +25°C, Vg = £15V, unless otherwise noted.

COMMON-MODE REJECTION

GAIN vs FREQUENCY vs FREQUENCY
60 —— - 120
G = 1000V/V L
= @ 100 R0 N
40 = c Nl | 6= 1000
G =100V nl S q SN A :
x 8 80 N N3 § 1(1;\} T 1 s
o ‘o I N =100V,
g a}: 60 ™ R —
20 N
'[9% G=10VN N 8 S| q ]|
19 N £ 40 i
N g | & = 10vv
0" N £
G=1VNV hl 8 20 P
-10 G =1V
L L
-20 0
1k 10k 100k ™ 10M 10 100 1k 10k 100k ™
Frequency (Hz) Frequency (Hz)
POSITIVE POWER SUPPLY REJECTION NEGATIVE POWER SUPPLY REJECTION
vs FREQUENCY vs FREQUENCY
2 L L L
G =100
Ny G = 1000V/V I
S { = —TIT
g 100 [T §§ g 100 NSl
N R o T
é i M NR G= 1000vV| é 05 G=10 {\I/ N n N
H NIRRT £ [e- i | [T R~
& = N \:\__ G=100VV & e N N h T
7: \\ ™ —Z N NN NN
o \\ G=10VV = N N N ~LL|
0 40 o 40
5 N T & M ™
z g o N
& 20 N & 20 NN 4
G=1V/V \\ \\ (L1
N
- i . N
10 100 1k 10k 100k ™ 10 100 1k 10k 100k ™
Frequency (Hz) Frequency (Hz)
INPUT COMMON-MODE RANGE INPUT COMMON-MODE RANGE
vs OUTPUT VOLTAGE, Vg = +15V vs OUTPUT VOLTAGE, Vg = 5V, +2.5V
15 — P T
_."/\‘~\ 4 G=10
S 10 g 3 _ = ~ =
[ o =
o D552
£ 5 % L G=10 I~
&) 1 S =
i i L_ < T =HIE > _I
20 8 Yilale
2 Y
z il
o
E -5 E -2 7
3 S
-10 Vg = 5V
4 [——— Vg=125V
_1 5 _5 L 1 1
-15 -10 -5 0 5 10 15 5 4 -3 -2 -1 0 1 2 3 4 5
Output Voltage (V) Output Voltage (V)
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TYPICAL PERFORMANCE CURVES (CONT)

At Tp= +25°C, Vg = £15V, unless otherwise noted.

INPUT BIAS CURRENT

INPUT BIAS CURRENT vs TEMPERATURE vs COMMON-MODE INPUT VOLTAGE
10k = 1m
v e
1k o 100p :
7 ST I
b ok
< 100 — = L < 1om
E // ‘g F =
E 10 4 — £ 0
o : ~ o T
) s @ |
m ] = a P
los 2 i i
0.1 £ 10p
0.01 —100p
-7 -50 -25 0 25 50 75 100 125 ]
Temperature (°C) —m
-20 -15 -10 -5 0 5 10 15 20
Common-Mode Voltage (V)
INPUT OVER-VOLTAGE V/I CHARACTERISTICS SETTLING TIME vs GAIN
1 ' 1000
0.8 T
G=1VV|..-:
0.6 [ Flat region represents : S
z 04— normal linear operation. £=3 = 1000V/V] >
E O |\, 2 7
= 02 ¥ / e 0.01% |/
[ £ AN
= 0 7 = 100
3 [< E
S 02 A £ T 0%
2 [ Taja 3 ;
£ 04 \ = i
e G =1Vv/V_/ G =1000V/V ”’r—
_OAS : / N—1 VIN o— - e
velses N 15y
1 1 1 I 10
-50 40 -30 -20 -10 O 10 20 30 40 50 1 10 100 1000
Input Voltage (V) Gain (VIV)
QUIESCENT CURRENT AND SLEW RATE SHORT-CIRCUIT CURRENT
vs TEMPERATURE vs TEMPERATURE
500 1.4 +15 /
+
— A Tlsc \
—~ 475 1.2 23
Z / g 14 / N
= Ny I?_J - =
£ _—— ~ = 2006 A
8 450 1 e300 b3
3 2240 / % \\
= L—1 'S = / sc \
& 2 / N
8 425 0.8 % 5 +12 7/ / \
% // SR %) (:; / \
g =
400 2 0.6 9 111 /
/|
375 0.4 +10
-75 50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
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TYPICAL PERFORMANCE CURVES (CONT)

At Tp = +25°C, Vg =15V, unless otherwise noted.

OUTPUT VOLTAGE SWING vs OUTPUT CURRENT MAXIMUM OUTPUT VOLTAGE vs FREQUENCY
Vi 30 G = 1010100
Sl ——

(V+)-03 i ¢ = ]
— (V+)-0.6 o
e S = N
o (V+)-0.9 ” . 5 N
Loy = L [/40C. 55°C g 2 \
O 18 o e | = G = 1000 \\
g vy 15 £15
= (V=) +1.2 "12§;C / iy 2
= : %
B (voy+09 wscy/| /) (+25°c o
= o T
Bith XV IA P

(V7) 206 —20°C, -55°C % 5

(V-)+0.3 7/‘Z IL . i E \n._\

(v-) 0
0 +2 +4 16 +8 +10 100 1k 10k 100k ™
Output Current (mA) Frequency (Hz)

INPUT OFFSET VOLTAGE DRIFT
INPUT OFFSET VOLTAGE WARM-UP PRODUCTION DISTRIBUTION

10
' \ Typical production

8 \ distribution of A
E_ 6 \ packaged units.
5 4 AN B
8 i 2
8 ——I 2
(8] ~ 5
e o —ff : e ¥
L 5, : =
s %
7z 4 / &
£
o -6 [

-8 l B
-10 ol detls L g 11
0 100 200 300 (90 200 0051152253354455556657758850909510
Time (us) Offset Voltage Dirift (uV/°C)
INPUT-REFERRED NOISE VOLTAGE VOLTAGE NOISE 0.1 TO 10Hz
vs FREQUENCY INPUT-REFERRED, G > 100
1000 g g g g = T
= f

—_— ™ ;
N
|$ ~] G AT e ™™
< 100
=
[
2 N
2 z |
2 =
g 10
g

1

1 10 100 1k 10k

Frequency (Hz)
1s/div
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TYPICAL PERFORMANCE CURVES (CONT)

At Tp = +25°C, Vg = 15V, unless otherwise noted.

SMALL-SIGNAL STEP RESPONSE
(G=1,10)

(G =100, 1000)

SMALL-SIGNAL STEP RESPONSE

G =100

50mV/div

50MV/diy [+-tefrtichseds

G=1000

10ps/div

100us/div

LARGE-SIGNAL STEP RESPONSE
(G=1,10)

(G =100, 1000)

LARGE-SIGNAL STEP RESPONSE

G=100 | -ri i ’ it

5V/div

BVIAiV [rssesfiis

10 G=1000 [ iooeiio

100us/div

100us/div

INA121
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APPLICATION INFORMATION

Figure 1 shows the basic connections required for operation
of the INA121. Applications with noisy or high impedance
power supplies may require decoupling capacitors close to
the device pins as shown.

The output is referred to the output reference (Ref) terminal
which is normally grounded. This must be a low-impedance
connection to assure good common-mode rejection. A resis-
tance of 8Q in series with the Ref pin will cause a typical
device to degrade to approximately 80dB CMR (G = 1).

SETTING THE GAIN

Gain of the INAI21 is set by connecting a single external
resistor, R, connected between pins 1 and 8:

50kQ (D

G

G=1+

Commonly used gains and resistor values are shown in
Figure 1.

The 50k term in Equation 1 comes from the sum of the two
internal feedback resistors of A; and A,. These on-chip
metal film resistors are laser trimmed to accurate absolute
values. The accuracy and temperature coefficient of these
resistors are included in the gain accuracy and drift specifi-
cations of the INA121.

The stability and temperature drift of the external gain
setting resistor, Rg, also affects gain. Rg’s contribution to
gain accuracy and drift can be directly inferred from the gain
equation (1). Low resistor values required for high gain can
make wiring resistance important. Sockets add to the wiring
resistance which will contribute additional gain error (possi-
bly an unstable gain error) in gains of approximately 100 or
greater.

DYNAMIC PERFORMANCE
The typical performance curve “Gain vs Frequency” shows
that, despite its low quiescent current, the INA121 achieves
wide bandwidth, even at high gain. This is due to the
current-feedback topology of the INA121. Settling time also
remains excellent at high gain.

NC: No Connection.

V+
0.1uF
7 =
— . 2| |Over-Voltage INA121
o]
VVY By &
DESIRED Rg NEAREST 1% Rg : 40kQ 40kQ Vo=G* (Vin—Vin)
GAIN (@) (©) BARg! G=14 50k
1 NC NC - Rg
2 50.00k 49.9k Re
5 12.50k 12.4k i
10 5556k 5.62k 8
20 2.632k 261k 25kQ Load Vo
50 1.02k 1.02k 5 <
100 505.1 511 5| Boovan — M ——MW—
200 2513 249 ool 40kQ 40kQ Ref
500 100.2 100 rotection L
1000 50.05 49.9
2000 25.01 249 41 o1uF
5000 10.00 10
10000 5.001 4.99 |__L
o =

Also drawn in simplified form:

- 0—1"
vIN

£

U )

INA121 Vo
Ref

FIGURE 1. Basic Connections.
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The INA121 provides excellent rejection of high frequency
common-mode signals. The typical performance curve,
“Common-Mode Rejection vs Frequency” shows this be-
havior. If the inputs are not properly balanced, however,
common-mode signals can be converted to differential sig-
nals. Run the Vi and Vyy connections directly adjacent each
other, from the source signal all the way to the input pins. If
possible use a ground plane under both input traces. Avoid
running other potentially noisy lines near the inputs.

NOISE AND ACCURACY PERFORMANCE

The INA121’s FET input circuitry provides low input bias
current and high speed. It achieves lower noise and higher
accuracy with high impedance sources. With source imped-
ances of 2k to 50kQ the INA114, INA128, or INA129 may
provide lower offset voltage and drift. For very low source
impedance (<1kQ), the INA103 may provide improved
accuracy and lower noise. At very high source impedances
(> IMQ) the INA116 is recommended.

OFFSET TRIMMING

The INAI21 is laser trimmed for low offset voltage and
drift. Most applications require no external offset adjust-
ment. Figure 2 shows an optional circuit for trimming the
output offset voltage. The voltage applied to Ref terminal is
summed at the output. The op amp buffer provides low
impedance at the Ref terminal to preserve good common-
mode rejection. Trim circuits with higher source impedance
should be buffered with an op amp follower circuit to assure
low impedance on the Ref pin.

VinO——] v+
oL Vo

Rg INA121 O 100pA
+
Vl:; (ol Ref 1/2 REF200
100Q"
+10mV 10kQM

Adjustment Range =
1000("

100pA

NOTE: (1) For wider trim range required
(1) For wider tri ge requirt S REEZ00

in high gains, scale resistor values larger

FIGURE 2. Optional Trimming of Output Offset Voltage.

INPUT BIAS CURRENT RETURN PATH

The input impedance of the INA121 is extremely high—
approximately 10'2Q. However, a path must be provided for
the input bias current of both inputs. This input bias current
is typically 4pA. High input impedance means that this input
bias current changes very little with varying input voltage.

Input circuitry must provide a path for this input bias current
if the INA121 is to operate properly. Figure 3 shows various
provisions for an input bias current path. Without a bias
current return path, the inputs will float to a potential which
exceeds the common-mode range of the INA121 and the
input amplifiers will saturate.

If the differential source resistance is low, the bias current
return path can be connected to one input (see the thermo-
couple example in Figure 3). With higher source impedance,
using two resistors provides a balanced input with possible
advantages of lower input offset voltage due to bias current
and better high-frequency common-mode rejection.

Crystal or
Ceramic [ INA121

Transducer

&

Thermocouple % INA121

+

10kQ

S

Center-tap provides
bias current return.

% INA121

+

VRer Bridge

Bridge resistance provides
bias current return.

FIGURE 3. Providing an Input Common-Mode Current Path.

INPUT COMMON-MODE RANGE

The linear input voltage range of the input circuitry of the
INA121 is from approximately 1.2V below the positive
supply voltage to 2.1V above the negative supply. A differ-
ential input voltage causes the output voltage to increase.
The lincar input range, however, will be limited by the
output voltage swing of amplifiers A and A,. So the linear
common-mode input range is related to the output voltage of
the complete amplifier. This behavior also depends on sup-
ply voltage—see typical performance curve “Input Com-
mon-Mode Range vs Output Voltage”.
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A combination of common-mode and differential input
voltage can cause the output of A, or A, to saturate. Figure
4 shows the output voltage swing of A; and A, expressed in
terms of a common-mode and differential input voltages.
For applications where input common-mode range must be
maximized, limit the output voltage swing by connecting the
INAI21 in a lower gain (see performance curve “Input
Common-Mode Voltage Range vs Output Voltage”). If
necessary, add gain after the INA121 to increase the voltage
swing.

Input-overload can produce an output voltage that appears
normal. For example, if an input overload condition drives
both input amplifiers to their positive output swing limit, the
difference voltage measured by the output amplifier will be
near zero. The output of A5 will be near 0V even though both
inputs are overloaded.

LOW VOLTAGE OPERATION

The INA121 can be operated on power supplics as low as
+2.25V. Performance remains excellent with power supplies
ranging from +2.25V to £18V. Most parameters vary only
slightly throughout this supply voltage range—see typical

performance curves. Operation at very low supply voltage
requires careful attention to assure that the input voltages
remain within their linear range. Voltage swing requirements
of internal nodes limit the input common-mode range with low
power supply voltage. Typical performance curves, “Input
Common-Mode Range vs Output Voltage™ show the range of
linear operation for £15V, £5V, and £2.5V supplies.

INPUT FILTERING

The INA121’s FET input allows use of an R/C input filter
without creating large offsets due to input bias current.
Figure 5 shows proper implementation of this input filter to
preserve the INA121’s excellent high frequency common-
mode rejection. Mismatch of the common-mode input time
constant (R,C, and R,C,), cither from stray capacitance or
mismatched values, causes a high frequency common-mode
signal to be converted to a differential signal. This degrades
common-mode rejection. The differential input capacitor,
C;, reduces the bandwidth and mitigates the effects of
mismatch in C; and C,. Make C; much larger than C, and
C,. If properly matched, C, and C, also improve ac CMR.

V+
INA121
40kQ 40kQ G =14 50k2
RG
——OV=G-V,
40kQ 40kQ —_‘__
V-

FIGURE 4. Voltage Swing of A| and A,.

1

Cl
4nR] C3+—
2

f—3dB =
==l
R‘l

Vi oA >

=G INA121 Vo

i g

Vin + Ref
——C, R=R, FET input allows use
I C,=C, of large resistors and
— C;=10C, small capacitors.

G =500

INA121
Ref

+

FIGURE 5. Input Low-Pass Filter.
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NOTE: To preserve good low frequency CMR,
make R; = R, and C, = C,.

Cy
o
[
c, Rg % INA121 Vo
| Ref
f +
Ry R gl liEs
<~ 21R,C,

+6V to +18V
Isolated Power

V+ V-

+15V

INA121 1S0124 Vo

Isolated
Common

FIGURE 7. High-Pass Input Filter.

FIGURE 8. Galvanically Isolated Instrumentation
Amplifier.

INA121

Vin ©
C1
50nF
[
ool |
R1
10kQ 1
INA121 % Rs % R,
Ref &
- le

MakeGs10whereG=1+‘T’q&

~ JA4L

FIGURE 10. Voltage Controlled Current Source.

Transducer

FIGURE 11. Capacitive Bridge Transducer Circuit.
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+5V

VREF
o

+
Chan.neH Vin _ . +
. +n 12 Bits Out
; MPC800 Re INA121 ADS7816 L b2
. MUX _n eria
x + O———— = Ref
Channel 8 V)y ~
FIGURE 12. Multiplexed-Input Data Acquisition System.
Vi 0—A A\ ‘ v,
" -] [ ] 511Q | INA121 >
Vnt: O l
+ Ref
100Q For G = 100 —

Rg = 511Q// 2(22.1kQ)
effective R = 505Q

+
OPA130

NOTE: Driving the shield minimizes CMR degradation
due to unequally distributed capacitance on the input
line. The shield is driven at approximately 1V below
the common-mode input voltage.

FIGURE 13. Shield Driver Circuit.

Rg = 5.6kQ

2.8kQ

7 G=10

INA121

390kQ

NOTE: Due to the INA121's current-feedback
topology, V is approximately 0.7V less than
the common-mode input voltage. This DC offset
in this guard potential is satisfactory for many
guarding applications.

Low bias current

allows use with high RL
electrode impedances. l

10kQ

FIGURE 14. ECG Amplifier With Right-Leg Drive.
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