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ABSTRACT

The project, Digital Blood Pressure Meter, is designed to measure blood
pressure in mmHg. The unit will be able to measure blood pressure between 20
mmHg. — 250 mmHg with error less than 5% .

The Pressure Sensor is used to detect a changed of air pressure in cuff. A
microcontroller is used as a processing unit for the system, which makes the system

being and easy to test.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by MPX5050/D

Integrated Silicon Pressure Sensor
On-Chip Signal Conditioned,
Temperature Compensated

and Calibrated

The MPX5050 series piezoresistive transduceris a state—of-the—art monolithic silicon
pressure sensor designed for a wide range of applications, but particularly those
employing a microcontroller or microprocessor with A/D inputs. This patented, single
element transducer combines advanced micromachining techniques, thin—film metalliza-
tion, and bipolar processing to provide an accurate, high level analog output signal that
is proportional to the applied pressure.

Features

e 2.5% Maximum Error over 0° to 85°C

e Ideally suited for Microprocessor or Microcontroller—Based Systems
e Temperature Compensated Over — 40° to +125°C

¢ Patented Silicon Shear Stress Strain Gauge

e Durable Epoxy Unibody Element

e Easy-to—-Use Chip Carrier Option

Vs
F— e XD A =
l | |
| |
I THIN FILM GAINSTAGE#2 ||
| sensing TEMPERATURE |<f  AND |
COMPENSATION GROUND
ELEMENT T
l D || REFERENCE L
{ GAIN STAGE #1 [ | SHFT CIRCUITRY :
Lo s NN WG =

PINS 4,5 AND 6 ARE NO CONNECTS
GND

Figure 1. Fully Integrated Pressure Sensor Schematic

MAXIMUM RATINGS(1)

Parametrics Symbol Value Unit
Overpressure(2) (P1 > P2) Pray 200 kPa
Burst Pressure(2) (P1 > P2) Phurst 700 kPa
Storage Temperature Tstg —40° to +125° °C
Operating Temperature TA —40° to +125° °C

1. T = 25°C unless otherwise noted.
2. Exposure beyond the specified limits may cause permanent damage or degradation to the device.

REV 4

© Motorola, Inc. 1998

MPX5050
SERIES

OPERATING OVERVIEW
INTEGRATED
PRESSURE SENSOR
0 to 50 kPa (0 to 7.25 psi)
0.2 to 4.7 Volts Output

)

BASIC CHIP CARRIER
ELEMENT
CASE 867—-08, STYLE 1

DIFFERENTIAL PORT OPTION
CASE 867C—05, STYLE 1

NOTE: Pin 1 is the notched pin.

PIN NUMBER
1 Vit 4 N/C
2 Grd 5 N/C
3 Vs 6 N/C

NOTE: Pins 4, 5, and 6 are internal
device connections. Do not connect
to external circuitry or ground.

@ MOTOROLA



MPX5050 SERIES

OPERATING CHARACTERISTICS (Vg = 5.0 Vdc, Ta = 25°C unless otherwise noted, P1 > P2)

Characteristic Symbol Min Typ Max Unit
Pressure Range(1) Pop 0 — 50 kPa
Supply Voltage(2) Vs 4.75 5.0 5.25 vdc
Supply Current lo — 7.0 10.0 mAdc
Minimum Pressure Offset(3) (0 to 85°C) Voff 0.088 0.20 0.313 Vdc
@ Vs =5.0 Volts
Full Scale Output(4) (0 to 85°C) VESO 4.587 4.70 4813 Vdc
@ Vs =5.0 Volts
Full Scale Span(5) (0 to 85°C) VEsS — 4.50 e Vdc
@ Vs = 5.0 Volts
Accuracy(6) — — — +£25 %VESS
Sensitivity V/IP e 90 — mV/kPa
Response Time(7) tR B 1.0 — mS
Output Source Current at Full Scale Output lo+ — 0.1 — mAdc
Warm-Up Time(8) LL = 20 — mSec
Offset Stability(9) = - £0.5 — %VESS

Decoupling circuit shown in Figure 4 required to meet electrical specifications.

MECHANICAL CHARACTERISTICS

Characteristic Symbol Min Typ Max Unit
Weight, Basic Element (Case 867) — — 4.0 — Grams
Common Mode Line Pressure(10) — - — 690 kPa

NOTES:

1. 1.0kPa (kiloPascal) equals 0.145 psi.

2. Device is ratiometric within this specified excitation range.

3. Offset (Voff) is defined as the output voltage at the minimum rated pressure.

4. Full Scale Output (VEgQ) is defined as the output voltage at the maximum or full rated pressure.

5. Full Scale Span (VEss) is defined as the algebraic difference between the output voltage at full rated pressure and the output voltage atthe
minimum rated pressure.

6. Accuracy (error budget) consists of the following:
e Linearity: Output deviation from a straight line relationship with pressure over the specified pressure range.
e Temperature Hysteresis: Output deviation atany temperature within the operating temperature range, after the temperature is

cycled to and from the minimum or maximum operating temperature points, with zero differential pressure

applied.

e Pressure Hysteresis: Output deviation at any pressure within the specified range, when this pressure is cycled to and from
minimum or maximum rated pressure at 25°C.

e TcSpan: Output deviation over the temperature range of 0° to 85°C, relative to 25°C.

e TcOffset: Output deviation with minimum pressure applied, over the temperature range of 0° to 85°C, relative
to 25°C.

* Variation from Nominal:  The variation from nominal values, for Offset or Full Scale Span, as a percent of VEgg at 25°C.
7. Response Time is defined as the time for the incremental change in the output to go from 10% to 90% of its final value when subjected to
a specified step change in pressure.
8. Warm-up is defined as the time required for the product to meet the specified output voltage after the Pressure has been stabilized.
9. Offset stability is the product’s output deviation when subjected to 1000 hours of Pulsed Pressure, Temperature Cycling with Bias Test.
10. Common mode pressures beyond what is specified may result in leakage at the case—to—lead interface.

2 Motorola Sensor Device Data



Figure 3 illustrates the Differential/Gauge Sensing Chip in
the basic chip carrier (Case 867). A fluorosilicone gel isolates
the die surface and wire bonds from the environment, while
allowing the pressure signal to be transmitted to the sensor
diaphragm.

The MPX5050 series pressure sensor operating charac-
teristics, and internal reliability and qualification tests are
based on use of dry air as the pressure media. Media, other

MPX5050 SERIES

than dry air, may have adverse effects on sensor perfor-
mance and long-term reliability. Contact the factory for
information regarding media compatibility in your application.

Figure 2 shows the sensor output signal relative to pres-
sure input. Typical, minimum, and maximum output curves
are shown for operation over a temperature range of 0° to
85°C using the decoupling circuit below. (The output will sat-
urate outside of the specified pressure range.)

TYPICAL

MI

0= 860 NOK 4550 Y85

DIFFERENTIAL PRESSURE (kPa)

Figure 2. Output versus Pressure Differential

5.0
TRANSFER FUNCTION:
4.5 [ Vot = VS'(0.018"P+0.04) + ERROR
4.0 VS =5.0 Vde
TEMP = 010 85°C
Siaials
=
= 3.0
A
E 23
(@)
2.0
15 |_MAX
1.0
05
0
0 S5 10015020
FLUOROSILICONE . STAINLESS STEEL
GEL DIE COAT \ \ . METAL COVER
EPOXY
WIRE BOND PLASTIC
CASE
I = |
LEAD FRAME _ DIE
DIFFERENTIAL/GAUGE ELEMENT BOND
P2

Figure 3. Cross-Sectional Diagram
(Not to Scale)

+5V
Vout
Vs E OUTPUT
10uF | oorer |
- —P GND

v v

Figure 4. Recommended Power Supply Decoupling.
For output filtering recommendations, please refer
to Application Note AN1646.
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MPX5050 SERIES

—— Transfer Function

Vs =5.0V+0.25 Vdc

Nominal Transfer Value: Vout = Vg (P x 0.018 + 0.04)
+/— (Pressure Error x Temp. Factor x 0.018 x Vg)

—— Temperature Error Band

MPX5050D Series

40 —
Temp Multiplier
305
-40 3
Temperature 01085 1
Error 20 — +125 3
Factor
1.0 —
e e S O\ Al
-40 -20 0 20 40 60 80 100 120 140
Temperature in °C
NOTE: The Temperature Multiplier is a linear response from 0° to —40°C and from 85° to 125°C.
— Pressure Error Band
Error Limits for Pressure
38 —1
2.0 —S]
©
£ %
S
o 00 | l I [ I I I Pressure (in kPa)
g 0 10 20 30 40 50 60
8 -1.0 —
e
£
-20 —¥
-30 Pressure I Error (Max)
0to 50 kPa *1.25kPa
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MPX5050 SERIES
PRESSURE (P1) / VACUUM (P2) SIDE IDENTIFICATION TABLE

Motorola designates the two sides of the pressure sensor pressure sensor is designed to operate with positive differen-
as the Pressure (P1) side and the Vacuum (P2) side. The tial pressure applied, P1 > P2.
Pressure (P1) side is the side containing fluorosilicone gel The Pressure (P1) side may be identified by using the
which protects the die from harsh media. The Motorola MPX table below:
Pressure (P1)
Part Number Case Type Side Identifier
MPX5050D 867-08 Stainless Steel Cap
MPX5050DP 867C-05 Side with Part Marking
MPX5050GP 867B-04 Side with Port Attached
MPX5050GVP 867D-04 Stainless Steel Cap
MPX5050GS 867E-03 Side with Port Attached
MPX5050GVS 867A-04 Stainless Steel Cap
MPX5050GSX 867F-03 Side with Port Attached
MPX5050GVSX 867G-03 Stainless Steel Cap

ORDERING INFORMATION

The MPX5050 pressure sensor is available in differential and gauge configurations. Devices are available in the basic
element package or with pressure port fittings that provide printed circuit board mounting ease and barbed hose pressure
connections.

MPX Series
Device Type Options Case Type Order Number Device Marking

Basic Element Differential 867-08 MPX5050D MPX5050D

Ported Elements Differential Dual Ports 867C-05 MPX5050DP MPX5050DP
Gauge 867B-04 MPX5050GP MPX5050GP
Gauge Vacuum Port 867D-04 MPX5050GVP MPX5050GVP
Gauge, Axial 867E-03 MPX5050GS MPX5050D
Gauge Vacuum Axial 867A-04 MPX5050GVS MPX5050D
Gauge, Axial PC Mount 867F-03 MPX5050GSX MPX5050D
Gauge Vacuum Axial PC Mount 867G-03 MPX5050GVSX MPX5050D

Motorola Sensor Device Data 5



MPX5050 SERIES

PACKAGE DIMENSIONS

0L
(G
o

PIN 1

SEATING [ _T—
PLANE

POSITIVE PRESSURE
(P1)

DePrL

(@] 0.136 0.005) @[ T[A @ |

CASE 867-08
ISSUE N

NOTES:
1. DIMENSIONING AND TOLERANCING PER AN
Y14.5M, 1982.

. CONTROLLING DIMENSION: INCH.

. DIMENSION -A- IS INCLUSIVE OF THE MOLD
STOP RING. MOLD STOP RING NOT TO EXCEED
16.00 (0.630).

[XENY

INCHES MILLIMETERS
MIN | MAX | MIN | MAX
0595 | 0630 | 1511 | 16.00
0514 | 0.534 | 13.06 | 1356
0200 | 0.220 | 508 | 559
0027 | 0033 | 068 | 084
0048 | 0.064 | 122 | 163
0.100 BSC 2.54BSC
0.014 [ 0016 | 036 | 040
0.695 | 0.725 | 1765 | 18.42
30°NOM 30°NOM
0475 | 0.495 | 1207 | 1257
0430 | 0450 | 10.92 | 11.43
0090 [ 0105 [ 229 [ 266

=4
=

(ﬂngr_t—cl‘nﬂﬂm>|

STYLE 1:
PIN 1. VOUT
GROUND
vce

oo wn
<

BASIC ELEMENT (D)

| —
S

—~ [
b

porT#2 |
VACUUM
(P2)

[ N>

PRESSURE
(P1)

POSITIVE

//,

177,

P|N1—\"
(14
K

s
ok

DePL

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.

INCHES MILLIMETERS
MIN MAX MIN | MAX
0.690 | 0.720 | 17.53 | 18.28
0.245 | 0.255 6.22 6.48
0.780 | 0.820 | 19.81 | 20.82
0.027 | 0.033 0.69 084
0.178 | 0.186 4.52 472
0.048 | 0.064 1.22 1.63
0.100 BSC 2.54BSC

0.014 | 0.016 0.36 0.41
0.345 | 0.375 8.76 9.53
0.300 | 0.310 7.62 7.87
0.220 | 0.240 5.59 6.10
0182 | 0.194 4.62 493

=
=

<mzxc-m'nmcom>l

STYLE 1

1] 01300005 @[] @] PIN 1. voUT

CASE 867A-04
ISSUE E

2. GROUND

3
4. V1
5
6

VACUUM SIDE PORTED (GVS)
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MPX5050 SERIES
PACKAGE DIMENSIONS—-CONTINUED

SEATING A > NOTES:
=T= h U - 1. DIMENSIONING AND TOLERANCING PER ANS|
L FoRL. Y14.5M, 1982.
L —|<——> /_ PRESSURE (P1) 2. CONTROLLING DIMENSION: INCH.
i Vv INCHES MILLIMETERS

MIN MAX MIN | MAX
1145 | 1.175 | 29.08 | 29.85
0.685 | 0.715 | 17.40 | 18.16
0.305 | 0.325 7.75 8.26
0.027 | 0.033 0.68 084
0.048 | 0.064 1.22 1.63

0.100 BSC 2.54 BSC
0.014 | 0.016 0.36 041
0.695 | 0725 | 17.65 | 18.42
0.290 | 0.300 7.31 7.62
0.420 | 0.440 | 1067 | 11.18
0.153 | 0.159 3.89 4.04
0.153 | 0.159 3.89 404
0.230 | 0.250 584 6.35
0.220 | 0.240 5.59 6.10

PIN 1 S
c _:.IL le— [=P—] T 0.910 BSC 2311 BSC
J )

<—z~>l
o
=

X —>
<<:!IJZUD"JZI—XL-G]T!UOW>[

l«— DgpPL 0.182 | 0.194 4.62 493
[$]0130005®@[T[P ®[a®] srvie+
PIN 1. Vour
2. GSBUND
o Ve
CASE 867B-04 5. vz
ISSUE E \

PRESSURE SIDE PORTED (GP)

NOTES:

P s 1. DIMENSIONING AND TOLERANCING PER ANSI
fe——{ A }——> Y14,5M, 1982,
LQ}IQ 0.25 (0-010)@l TI Q @I 2. CONTROLLING DIMENSION: INCH,
fe— Yy ——>

X INCHES MILLIMETERS

R "l w > | DM [ MIN | MAX | MIN | mAX

v A | 1145 | 1.175 | 2008 | 2985

PORT #1 B | 0685 | 0.715 | 17.40 | 18.16

POSITIVE [} P 2 S " AN [T 0.435 | 1029 | 11.05

PRESSURE | _+— PORT #1 POSITIVE D | 0.027 | 0033 0.68 0.84

(P1) N PRESSURE (P1) F | 0048 | 0064 | 122 | 163

¥ o] G | 01008sC 2.5485C

PORT #2 yé Q-] J | 0014 [ 0016 | 036 ] 041

VACUUM T K | 0695 [ 0725 | 17.65 | 18.42

(P2) L | 0290 0300 [ 737 | 7.62

B «D + {1} N | 0.420 | 0.440 | 1067 | 11.18

PIN 1 P | 0153 | 0159 | 3.89 | 4.04

| l \ f Q | 0153 | 0.150 | 389 | 40z

R | 0.063 | 0.083 | 160 | 2.11

i K S [ 0220 | 0240 | 559 | .10

e le—C U |__oo9t0Bsc 23.11BSC

S V {0182 [ 0192 | 462 | 493

W [ 0310 [ 0330 | 787 | 838

SEATNG [=T= - —T—] SEATNG G"l l__ 41 68, . f X [ 0248 [ 0278 | 630 | 7.06

o
;. F [®low0s®[A ®] s
PIN1. Vour
2. GROUND
3 Voo
CASE 867C—05 i
ISSUE F 6 Vex

PRESSURE AND VACUUM SIDES PORTED (DP)

Motorola Sensor Device Data 7



MPX5050 SERIES

PACKAGE DIMENSIONS-CONTINUED

=]
[$]@0250010®[T]a ®

_—T- | SEATING
T PLANE

PORT #2
|~ VACUUM (P2)

/ POSITIVE PRESSURE (P1)

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.

[@]0.130005 @] TP @] " Rdlvo

CASE 867D-04
ISSUE F

INCHES | MILLIMETERS
|OM[ MIN [ MAX | MIN | MAX
A | 1145 [ 1475 | 2008 | 29.85
B | 0685 | 0.715 | 17.40 | 18.16
c [ 0305 [ 0325 | 775 | 826
D [ 0027 | 0033 | 068 | 084
F | 008 [ 0.060 | 120 [ 1.63
G | 01008SC 2.54 BSC
J [ 0014 [00t6 | 036 | o041
K [ 0695 | 0725 | 1765 | 18.42
L | 0290 | 0.300 | 7.37 | 762
N [ 0420 | 0.440 | 10.67 | 11.18
P 0153 [0150 | 389 | 404
Q [ 0153 [ 0159 | 380 | 404
R | 0230 | 0250 | 584 | 635
s [ 0220 | 0240 | 559 [ 6.10
U [ ootoBsC 23.11BSC
v [ o182 [0194 [ 462 [ 483
STYLE 1

2

3.V,

1V5C

5. V2

6. VEx

VACUUM SIDE PORTED (GVP)

fe— C ——>

PIN 1

PRESSURE
(P1)

fe—N—> E j=—

—»il«— D 6PL

A > NOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.

INCHES | MILLIMETERS
LDM] MIN_ T MAX"| MIN | mAX
A 0690 | 0720 | 1753 | 1.8
B[ 0245 [ 0255 | 622 | 648
C [ 0780 [T0820 [19.81 | 2082
D [ 0027 [ 0033 | 069 | 084
E o178 [0 | a5 | 47
F | 0048 | 0064 [ 122 | 163
G | 01008sC 254B85C
J [ 0014 [o0t6| 036 | 041
K [ 0345 [Toa75 | 876 | 053
N [ 0300 [ 0310 | 760 | 787
S [ 0220 [T0.040 | 550 [ 610
v o827 0104 | 462 | 493
STYLE 1:

PIN1. V,
- cRdlno

[$]0.13(0.005) @[] @]

CASE 867E-03
ISSUE D

V
v
V2

VEX

LRSS

PRESSURE SIDE PORTED (AS, GS)

Motorola Sensor Device Data




MPX5050 SERIES
PACKAGE DIMENSIONS-CONTINUED

NOTES:
. A ] 1. DIMENSIONING AND TOLERANCING PER

ANSI Y14.5M, 1982.
U 2. CONTROLLING DIMENSION: INCH.

INCHES MILLIMETERS

|
|

_f

o
=
=
=
=
I
=
=
=
B

T

|

B
J

N
L

L -
N F 4l

ol

CIHELE

PORT .
POSITIVE po N / 0070 | 0.080 | 178 | 203
PRESSU§1E i ; 0150 | 0.160 | 38t | 406
(P1) $|®0.25(0A010)®IT|Q®| 6| 15 i 0150 | 0.160 | 381 | 406
S 0440 | 0.460 | 11.18 | 11.68
K 0695 | 0.725 | 17.65 | 18.42
| b 0840 | 0.860 | 21.34 | 2184
Y 0182 | 0194 | 462 | 493
J —>{fe— Do pL —> fre— 6
[@]0.130005@[T]P ®[0®] ey
2 cRdlnp
F—>] fa— 3 Voo
4 Vi
5 V2
6. VEx
CASE 867F-03
ISSUE D
PRESSURE SIDE PORTED (GSX)
NOTES:
A 1. DIMENSIONING AND TOLERANCING PER

ANS| Y14.5M, 1982.
[—Q—] 2 CONTROLLING DIMENSION: INCH.

INCHES MILLIMETERS
MIN MAX MIN | MAX
1080 | 1.120 | 2743 | 2845
0.740 | 0.760 | 1880 | 19.30
0.630 | 0.650 | 16.00 | 16.51
0.027 | 0.033 0.68 0.84
0.160 | 0.180 4.06 4.57
0.048 | 0.064 122 1.63
0.100 BSC 2.54 BSC

0.014 | 0.016 0.36 0.41
0220 | 0.240 5.59 6.10

}

I \/ N

L

I ==
)
v iFal ! - B

e ——————>|
o
=

[e— X

<cszD'uzme'nmcom>|

g ik PIN 4 N 0070 | 0080 | 178 | 203
(P2) =P— o 0150 | 0.160 | 381 | 406
$|®0,25(0.010)®JT|Q®J 1] |2 |3 5| [s 0150 | 0160 | 381 | 406
s 0440 | 0.460 | 11.18 | 11.68
0695 | 0.725 | 1765 | 18.42
0 K 0640 | 0860 | 21.34 | 21.84
| 0182 | 0194 | 452 | 493
o] @TDSC:)L]_- g STYLE 1;
0.13(0.005 TiP Q PIN 1. V,
[@]o13 (0009 2 o

3V,

—>f [« F 4 vf°

5 V2

6. Vex

CASE 867G-03
ISSUE D

VACUUM SIDE PORTED (GVSX)

Motorola Sensor Device Data 9



MPX5050 SERIES
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LM124
KYI LM224 - LM324

LOW POWER QUAD OPERATIONAL AMPLIFIERS

WIDE GAIN BANDWIDTH : 1.3MHz

INPUT COMMON-MODE VOLTAGE RANGE
INCLUDES GROUND

LARGE VOLTAGE GAIN : 100dB

=

s VERY LOW SUPPLY CURRENT/AMPLI : 375UA

w LOW INPUT BIAS CURRENT : 20nA

e LOWINPUT OFFSET VOLTAGE : 5mV max. N D
(for more accurate applications, use the equivalent parts DiP14 8014
LM124A-LM224A-LM324A which feature 3mV max) (Plastic Package) (Plastic Micropackage)

a LOW INPUT OFFSET CURRENT : 2nA
= WIDE POWER SUPPLY RANGE :
SINGLE SUPPLY : +3V TO +30V.

TSSOP14
(Thin Shrink Small Outline Package)

DESCRIPTION ORDER CODES

These circuits consist of four independent, high Part et e Package
gain, internally frequency compensated operational Number Range N D p
amplifiers . They operate from a single power supply (M124 BEIG 119500 . 7 3
over awide range of voltages. Operation from split v B _4000' +105°C 4 - .
power supplies is also possible and the low power )

supply current drain is independent of the magni- o 2f 07C, +70°C " : 2

tude of the power supply voltage. Example : LM224N

PIN CONNECTIONS (top view)

Output 1| ! {4 Qutput 4
Inverting Input 1 2 AL j ] 13 Inverting Input 4
g mnp | / £ 1np
Non-inverting Input | 3 g \\’J“ 12 Non-inverting Input 4

Ve =

Non-inverting Input 2§ 10 Non-mverting Input 3

Inverting Input2 6 9 Inverting Input 3

[
H
i
Veet 4[]
[
[
[

2 i 1

Qutput 2 8 Output 3

June 1999 1714




LM124 - LM224 - LM324

SCHEMATIC DIAGRAM (1/4 LM124)

input

Inverting 4
D 401 04 }
T i 2
Non-inverting B 5 M ) d J ¥ = é
input

L L R S SO Y Q I 0 @
Y J‘ b5

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter LM124 LM224 ; 1L.M324 Unit
Vee Supply Voltage +16 or 32 \
Eos b e s e e R e T
Vig Differential Input Voltage - (%) +32 +32 +32 \
Prot Power Dissipation N Suffix 500 500 500 mw

D Suffix - 400 400 mw

e Qutput Short-circuit Duration - (note 1) et o hfinite .,
fin Ihput Current - (note 6) 50 50 50 mA
Toper Operating Free Air Temperature Range -55 to +125 | -40to +105 0 to +70 °c
Tsig Storage Temperature Range -65 to +150 | 6510 +150 | -65to +150 o

4
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LM124 - LM224 - LM324

ELECTRICAL CHARACTERISTICS

Vo' = +5V, Vcc Ground \/0 = 1 4V Tamh = +25°C (unless otherwise speon‘ied)

Symbol } Parameter

LM124 - LM224 - LM324

4

Unit
Min, Tvp. Max.
Vio Input Offset Voitaqe (note 3) mvV
Tamb = 25 C 2 5
LM324 7
Tin. € Tamp € Toax. 74
LM324 9
lio input Offset Current nA
2 C 2 30
: 1mb [m ax. 100
I Input Bias Current (note 2) nA
Tamb = Za (, 20 150
TIT in, E] THAX. 300
Agg Large Signal Voltdqe Gain VimV
(Voo™ = +18V, R; =2kQ, Vo = 1.4V1o 11.4V)
Tamp = +25°C 50 100
Trein. & Tamp < Timax. 25
SVR ‘Suppiy Voltage Rejection Ratio (Rg < 10k dB
(Vee' = 5V to 30V)
Tdrrt +250C 65 M)
T vin, % Tamb < Tm']x 65
lee Supply Current, all Amp, no foad mA
Tamn = F25°C 0L w
§9) 3
T, < Tamp < Tmax 0.8 1.2
%3 3
Viem input Common Mode Voltage Range Y
(Voo = +30V) (note 4)
Tamh *25 A 0 VCC -1.5
Tinin. < Tamp = Trax 0 Vee -2
CMR Common-mode Rejection Ratio (Rg % 10k¢)) dB
Tamb = +25°C 70 80
Tmin i Taml; f‘ Tn‘zax 60
fsource Output Current Source (Vig = +1V) mA
L Voo XISy = +A ) 2y 0N P
lsink Qutput bmk Current (Vig = ~1\/)
Vee = #15V, Vg = +2V 10 20 mA |
 Vee = +18Y.Vo 40,2 12 N/ | w |
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LM124 - LM224 - LM324

ELECTRICAL CHARACTERISTICS (continued)

LM124 - LM224 - LM324 d
Symbol Parameter v Unit
ST L i Min. Typ. Max.
Vou Level Output Voltage vV
= +30V)
Ry = 2k 26 27
26
R = 10kQ 27 28
27
3.5
amb S Trnaxe 3
Vol Output Voltage (R = 10k€2) mV
+26°C 5 ZQ
amb % Tmax. 20
SR Slew Rate Vius
Vee = 18V, Vi = 05103V, R, = 2k, CL = 100pF,
unity gain) 0.4
GBP Gain Bandwidth Product MHz
Vee = 30V, f= 100kHz, Vin = 10mV
Ri. = 2k, C. = 100pF 1.3
THD Total Harmonic Distortion %
f= 1kHz, Ay = 20dB, Ry = 2k, Vo = 2Vpp
Ci. = 100pF, Vee = 30V 0.015
= Equivalent Input Noise Voltage nv.
f= 1kHz, Rs = 1006, Veo = 30V 40 VHz
DV Input Offset Voltage Drift 7 30 N
Dho Input Offset Current Drift 10 200 pA/°C
VoliVo2 Channel Separation (note 5) dB
TkHz 5§ < 20kHz 120
Notes : 1. Short-circuits from the output to Voo can cause excessive heating if Voe > 158V, The maximum output current
is approximately 40mA independent of the magnitude of Vee. Destructive dissipation can resuit from simulta-
neous short-circuit on all amplifiers.

2. The direction of the input current is out of the 1C. This current is essentially constant, independent of the state
of the output so no loading change exists on the input lines,

3. Vo = 1.4V, Rs = 00,8V < Vgc© <30V, 0'< Vie < Vge™ - 1.5V

4. The input common-mode voltage of either input signal voltage should not be allowed to go negative by more
than 0.3V. The upper end of the common-mode voltage range is Vec' - 1.5V, but either or both inputs can go
to +32V without damage.

5. Due to the proximity of external components insure that coupling is not originating via stray capacitance be-
tween these external parts. This typically can be detected as this type of capacitance increases atl higher fre-
guences.

6. This input current only exists when the voltage at any of-the input leads is driven negative. It is due to the
coliector-base junction of the input PNP transistor becoming forward biased and thereby acting as input di-
odes clamps. In addition to thisdiode action, there is also NPN parasitic action on the |G chip. this transistor
action can cause the output voltages of the Op-amps to goto the Ve voltage level {or to ground for a large
overdrive) for the time duration than an input-is driven negative.

This Is not destructive and normal output will set up again for input voltage higher than -0.3V,
4/14 K’I




LM124 - LM224 - LM324

INPUT BIAS CURRENT
AMBIENT TEMPERATURE

versus
IB(mA) 24

21

I8

15
1.2

9

6

3
0

-55-35-15 5

2545 6585005 125

AMBIENT TEMPERATURE ()

INPUT YOLTAGE RANGE

1%
> /
it |
3 /
< Magative
5
g A:‘m
P 5 S b 5 N
=
A
z /
L] § 18 14
POWER SUPPLY VOLTAGE (V)
GAIN BANDWIDTH PRODUCT
% GBP (MHz)
o
= 1.35
G130 =
- / \\
Fad 1.25 N
(o}
' 1.2 AN
o
':;_; 1.15
o 11
% 1.05 A
=&
«f 1
o
= 895
- g

U655 -85 -15 5 25 45 65 85 105 125

AMBIENT TEMPERATURE (°C)

INFUT CURRENT {ma)

RRENT (mA)

BlPPLY &t

COMMON-MODE REJECTION RATIO (dB}

CURRENT LIMITING {Noe 8)

it S R T,
L Io. g
7w -
% l
u &~ x
o '
& . S Y e
3 -t N“Aw
0 - ,_ -
T H i 4 "
; I
-85 -18-15 5 25 45 6% 85 105 12%
TEMPERATURE {°C}
SURBLY CURRENT
Tamb 20 Croet125 €
/’
Tamb -85 C
i }
o 10 20 30

POSITIVE SUPPLY YOLTAGE (V)

g

-l
8

COMMON-MODE REJECTION RATIO

Py
=3
=

1k 18k 100k 1L

FREQUENCY (Hz}
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LM124 - LM224 - LM324

VOLTAGE GAIN (dB)

INPUT VOLTAGE {V) - OUTPUT VOLTAGE (V)

QUTPUT VOLTAGE {mV}

128

OPEN LOOP FREQUENCY RESPONSE

148

100 \‘\e'é" | =

8 Yehi2®

N Vic=+0VE

&0 AR FEOCE Tamp < +125°C

i
2 Ve +10t0 +15V &
~ B Tamb € +125°C \
g |20 e

10 10 108 1.8k 10k 180k 1.3M 1em
FREQUERNCY (Hz)

VOLTAGE FOLLOWER PULSE RESPONSE

4 ¥ ¥ Y
: RL22k0

3 Vo= +15Vv]

Ly

Ir—auui'

Gd

7 -5

3

2

1

Dusmesenconth

[ 10 28 30 &5
TIME {ps}

VOLTAGE FOLLOWER PULSE BESPONSE

{SMALL SIGNAL)

508 ~ r J

450

460

jm -
Cutput

300 Foarty = +25°C

V= +30V
cC
258

Uls e e e T e D

TIME {ux)

CUTPUT SWING {Vppl

QUTPUT VOLTABE IV}

CUTPUT VOLTAGE REFERENCED TO Vi (V)

LARGE SIGNAL FREQUENCY RESPONSE

2
15
10
5
)
ik 10k 180k 184
FREQUENCY {Hz)
OUTPUT CHARACTERISTICS
{CURRENT SINKING)
18 g A
VQC
VC.C"'" + 30V =
% o
v,
o1 bbb
7
7
gy L

andl - ony o
OUTPUYT SINK CURRENT {mA)

QUTPUT CHARACTERISTICS

(CURRENT SOURCING)
] g
1 1
& i
5 %
‘ @ i ford -

mliependent of V&"C

3 1 :

T m_l *25",‘1 ] i
Z et Tt

L

1 pE i

gy om 1R 1 10 i}

OGUTPUT SBOURCE CURRENT {mAl

4




LM124 - LM224 - LM324

INPUT CURRENT VOLTAGE GAlN
104 168 I !
_1 L'm“:ZOkn
g 5 § 128 : -
- =2 iy
£ z L
s b4
£ 5 s u
3 8
£ o Ty = +55°C <
B 25 p 2 w 1
Z =
o 18 b ] 3 ® 18 8 n
POWER SUPPLY VOLTAGE (W) POWER BUPPLY VOLTAGE (V)
POWER SUPPLY & COMMON MODE Avd (iB)  LARGE SIGNAL VOLTAGE GAIN
HEJECTION RATIO 120
w {dB) 120 P
8 15 <
£ v o
oo 2¢] 110 W 115
gg 105 g |
=2 5 L~
ok 100 8 1
O > 110 -
95 .
%0 w0 P ] ]
B a
e @ 105
w3z B w
m& &0 CMF [
o0
ul 75 «
g 70 - 100
a -55-35-16 525 45 65 85 105125 55 -35-15 5 25 45 B5 80 105125
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)
TYPICAL SINGLE - SUPPLY APPLICATIONS
AC COUPLED INVERTING AMPLIFIER AC COUPLED NON-INVERTING AMPLIFIER

Ry
100kE2 R,
100kEY Ay o e
i R1
{asshown A= -10)

Rl

{as shown A, = 11}

oD
oy

R3
I Lok

4

7114




LM124 - LM224 - LM324

TYPICAL SINGLE - SUPPLY APPLICATIONS

NON-INVERTING DC GAIN

DC SUMMING AMPLIFIER

R2
Ay= 1+ B
{As shownAy = 101)

=S

e, 100kQ

L= i

e, 100K

where (er+ e2) 2 (B3 + )
to keep eo = OV

HIGH INPUT Z ADJUSTABLE GAIN DC
INSTRUMENTATION AMPLIFIER

LOW DRIFT PEAK DETECTOR

R1
100Ke)
Pl R3
174 SN 8, 106k
p o .
o, LM/A]./?'A/’/ {) 1’" ,
G P e @5)'

R Gain adpust i LM ':'f/
20 RS N
100ka

if Ry = Rs-and Ry Ry = Rs RRy R7
e 100kO

Ji (e HHey L

"As shown eo =701 (&2 - e1).

> P
NGz .."‘""_. 0.001F

o
Inpis
Iy Oy,

" Polycarbonate or polyathylens

8/14
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LM124 - LM224 - LM324

USING SYMMETRICAL AMPLIFIERS TO REDUCE INPUT CURRENT (GENERAL CONCEPT)

[
A -
I alelliiion = memeat o
rer s2al
B 2N 929
"Lo.om UF
ey T
Ig

s current compensation

1.5MQ2

4
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LM124 - LM224 - LM324

TYPICAL SINGLE - SUPPLY APPLICATIONS
ACTIVER BANDPASS FILTER

HIGH INPUT Z, DC DIFFERENTIAL AMPLIFIER

| RS
LAT0KO,

Fo = 1kHz

Q=50
Ay = 100 (40dB)

For B»l BJ
Ry Rj

{CMRR depends on this resistor ratic match)

R2 R4
100Kk
E...}.QQKS,!,‘ l ~ R3
. AN [0, 100K e
VIO | M1~
+\20 -~

R
8g (14 R;) (ez=e1)

As shown e = (62 - 1)

VOLTAGE GAIN AND PHASE vs FREQUENCY

40

2k

- 160
1120

Gain {d8)
I 0
3 4D
Vee=30V 1.80
20 I RL=2K
CL=100pF -120
Tamb=25°C
| | i i i ] ”180
400.1 02 03 0 23205 10
Frequency (MHz)

10/14
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LM124 - LM224 - LM324

= LARGEVOLTAGE GAIN : 100dB

= VERY LOW SUPPLY CURRENT/AMPLI
375uA

w LOW INPUT BIAS CURRENT : 20nA

x LOW INPUT OFFSET VOLTAGE : 2mV

Applies to : LM124-L.M224-.LM324

** Standard Linear lcs Macromodels, 1993,
** CONNECTIONS :

* 1 INVERTING INPUT

* 2 NON-INVERTING INPUT

* 30UTPUT

* 4 POSITIVE POWER SUPPLY

* 5 NEGATIVE POWER SUPPLY

SUBCKT LM124 1 3 24 5 (analog)

FAR SRRk ook o R kR R WA RCIOR Rk Rk ek Aok Rk ke

ek ok ok KkKkokok K de e ¥

.MODEL MDTH D IS=1E-8 KF=3.104131E-15
CJO=10F

* INPUT STAGE

CIP 2 5 1.000000E-12
CIN 15 1.000000E-12
EIP105251
EIN165151

RIP 10 11 2.600000E+01
RIN 15 16 2.600000E+01
RIS 11 15 2.003862E+02
DIP 1112 MDTH 400E-12
DIN 1514 MDTH 400E-12
VOFP1213DC 0

VOFN 13 14 DC 0

IPOL 135 1.000000E-05
CPS 11 153.783376E-09
DINN 17 13 MDTH 400E-12
VIN 17 § 0.000000e+00

ELECTRICAL CHARACTERISTICS

= LOWINPUT OFFSET CURRENT : 2nA
» WIDE POWER SUPPLY RANGE :
SINGLE SUPPLY : +3V to +30V
DUAL SUPPLIES : +1.5V to +15V

DINR 15 18 MDTH 400E-12
VIP 4 18 2.000000E+00

FCP 4 5 VOFP 3.400000E+01
FCN 54 VOFN 3.400000E+01
FIBP 2 5 VOFN 2.000000E-03
FIBN 5 1 VOFP 2.000000E-03
* AMPLIFYING STAGE

FIP 519 VOFP 3.600000E+02
FIN5 19 VOFN 3.600000E+02
RG1195 3.652997E+06

RG2 19 4 3.652997E+06

CC 19 5 6.000000E-09

DOPM 19 22 MDTH 400E-12
DONM 21 19 MDTH 400E-12
HOPM 22 28 VOUT 7.500000E+03
VIPM 28 4 1.500000E+02
HONM 21 27 VOUT 7.500000E+03
VINM 5 27 1.500000£+02
EOCUT 26231951

VOUT 2350

ROUT 263 20

COUT 3 5 1.000000E-12

DOP 18 25 MDTH 400E-12
VOP 4 25 2.242230E+00

DON 24 19 MDTH 400E-12
VON 24 5 7.922301E-01
ENDS

Vee = #6V, Veo = 0V, Tamb = 25°C (unless otherwise specified)

Symbol Conditions Value Unit

Vie 0 my

Avd Ry = 2k 100 VimV

lcc No load, per operator 350 LA
cNgEle e e e e e S HB s ] e M

Vou Ry = 2ke) (V{;:(;'"' = 15Y) +13.5 v

Vo RL = 10k 5 mv

los Vo = +2V, Ve = +15V +40 mA

GBP Ry = 2k€), C = 100pF 193 MHz

SR Ry = 2k G = 100pF 0.4 Vius

4
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LM124 - LM224 - LM324

PACKAGE MECHANICAL DATA

14 PINS - PLASTIC DIP

1214

| US|
'la"; o
£
U o bi
b B E
Z
szl ] y 4
i
1}
M D8 Il I
4 8
_) N\
1 7
LW o &l [Betenid TR 1
Dimensions .
. . Min, Ifyg Max. Min, Typ. _.Max,
al 0.51 0.020
B 1.39 1.65 0.055 0.065
b 0.5 0.020
b1 0.25 0.010
b 0 20 DINOI” Nf S i oien
E 8.5 0.335
e 2.54 0.100
el 15.24 0.600
F o 0.280
e e y 0.201
L 3.3 0.130
Z. 1.27 2.54 0.050 10400

4]

DiP1aTRL




LM124 - LM224 - LM324

PACKAGE MECHANICAL DATA
14 PINS - PLASTIC MICROPACKAGE (S0O)

Elsb

¢l

£
ol i
i o
e b e
23 E
- =M
Tl
0.0 0 AT I‘I
) 8
(T
1 7
\!
8] J iBga P> P i B /A
: : B R Ntintetets\ =~ X /XX |\ ] Ihches o BR ==~
Dimensions
_Min. YR . Max.  Min. Typ.. . Max.
A YRG! 0.069
al 0.1 0.2 0.004 0.008
a2 1.6 0.063
b 0.35 0.46 0.014 0.018
bt A 19 A 0250 JO0Lf Mg I | 0010 |
c 05 0.020 :
¢ 45° (iyp.)
D 8.58 8.75 0.336 0.334
E 58 6.2 0.228 0.244
e V197 0.050
el 7.62 0.300
F 3.8 4.0 0.150 0.157
G 4.6 5.3 0.181 0.208 !
M 0.68 0.027
S 89 (max.)

SC14.TBL

4
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LM124 - LM224 - L3224

PACKAGE MECHANICAL DATA
14 PINS - THIN SHRINK SMALL OUTLINE PACKAGE

Sk y gtitheneddenta, 1/ VNN \[ mp/pidiiilinbinfs S, RY
Min. Typ. Max. Min. Typ. Max.
A 1,20 0.05
A1 0.05 0.15 0.01 0.006
A2 0.80 1.00 1.05 0.031 0.039 0.041
b 0.19 0.30 0.007 0.15
e 0.09 2 4o 0.003 ; 0.012
A\ °o Bl h s € 0,192 0.196 i
E 6.40 0.252
E1 430 4.40 4:50 0.169 0.173 $0.177
e 0.65 0.025
o° 8° 0° 8°
| 0.50 0.60 075 0.09 0.0236 0.030

information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result
from its use. No ficense is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specifi-
cations mentioned in this publication are subject to change without notice. This publication supersedes and replaces all infor-
mation previously supplied. STMicroelectronics products are not authorized for use as critical components in life support
devices or systems without express written approval of STMicroelectronics.

< The 8T logo is a trademark of STMicroelectronics

1999 STMicroelectronics — Printed in Italy — All Rights Reserved
STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - Canada - China - France - Germany - ltaly - Japan - Korea - Malaysia - Malta - Mexico - Morocco
The Netherlands - Singapore - Spain - Sweden - éwnzerland - Taiwan - Thailand - United Kingdom - U.S.A.

© http:/iwww.st.com
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