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ABSTRACT

This project is design and creating Electronics Heart sound monitor. The Heart
sound monitor receives heart sound form MEMS Microphone. This sensor is connected
with preamplifier circuit. The analog signal is filtered to define bandwidth of signal. Then

signal is sent to power amplifier circuit and connected to headphone for listen heart

sound.
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2.5.2.1 MYNTOIAIUARIHIUSIAUE (Forth-Order Low Pass

Active Filter)
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Block Diagram iA3esindnyanaudsiala (HEART SOUND MONITOR)

Stethoscope

4

MEMS Microphones

{

Pre amplifier

{

Low Pass Filter Sallen Key

4

Power amplifier

4

Headphone

gﬂﬁ 3.1 Block Diagram 98434995
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1 o ¢ & ¢ o = o
1. yeaswasedyqulsiainifandulauusinnesnnud 10 Hz - 2 KHzE ]
Amplitude Uszuu 22.4 mV

2. 9 Frequency Response

4.2 Nan1INnaag

4.2.1 1935 Low Pass Filter

A15199 4.1 wansANuFuRUSTEIeANL AR LS IR uNSaan
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Frequency | Output Input Output Input Output Av
Pre amp | Low pass | Low Pass | Power amp | Power amp

(Hz) (mV) (mV) (mV) (mV) (mV) (dB)

10 24.8 24.8 24.8 24.4 600 28.55
100 212 32.4 32.0 31.6 670 29.51
200 30.8 32.0 GLR 30.4 38 30.29
300 30.4 31.6 30.8 30.4 780 30.84
400 34.2 33.0 30.8 30.6 840 31.56
500 =y, 34.0 30.0 29.8 920 32.27
600 31.4 32.0 29.6 28.8 940 3261
700 1.2 30.4 28.8 26.4 940 32.46
800 30.8 32.8 28.4 R52 880 31.88
900 31.4 29.4 26.0 23.6 832 3132
1000 30.6 20,0 25.6 21.0 784 30.88
1100 20.6 my, 25.8 18.8 704 30.18
1200 3l 25.6 222 16.0 624 28.90
1300 30.8 25,2 20.4 15.2 540 27.80
1400 30.4 22.8 18.8 12.4 460 26.25
1500 30.8 20.8 18.8 116 388 24,93
1600 30.4 20.4 16.4 10.4 328 23.47
1700 30.2 20.4 15:6 10 276 2197
1800 30.8 18.4 14.4 9.2 236 20.45
1900 30.8 17.2 13.5 8.6 196 18.84
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Frequency | Output Input Output Input Output Av
Pre amp | Low pass | Low Pass | Power amp | Power amp
(Hz) (mV) (mV) (mV) (mV) (mV) (dB)
2000 31.2 16.8 12.4 7.8 168 17.66
Frequency Response
== | OW Pass Filter
35
LA TN
30 S
)
(=)
= 25
<
0]
20 \
15
1 10 100 1000 10000
FREQUENCY (HZ)

gﬂﬁ 4.1 N3 Frequency Response 9831975 Low Pass Filter

4.2.2 NNSIALSIAUI9DTENTD

tou Viy, = 222 MV, enwid 1 kHz

- dlerines Pre Amplifier as1uene 1.5 9618 V), = 304 mly,

- {laru2995 Low Pass Filter Snswene 1 9¢ld Vo = 208mV,,

- Lilar1993 Power Amplifier §n51vene 50 gl V, = 5.76

Vop




4.2.3

NIRaNIINAaDIIALSIAUANATEN

v+ B, 000s Triad® iy B Measure
; o SRS .
Vamp
11: 214mU
52:chan of f
| Vpp
11: 222mY
{2: chan off
| Vrms
"1 76.4mU
2: chan off
Frequency
1: 1.826kHz
2: chan off
Vhi
1: 192my
C LD OO S DE D .k o 1]
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04.77477kHz

=

Al INTax vev @, e Lt
. 000s e m Measure
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/41 fe2my
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{2: chan off
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1: 1,007kHz
2: chan off

Vhi

{1: 96.0mU
{2 chan off

"TOCHI EDGE ¥AC

€ 1.86996kHz

| Mamp
1: 5, 64y
12: chan off
{5 —

- Vpp
11: 5, 76y
|2 chan off

T NS
“1: 2,010
{€ chan off
J v
Frequency

JA5 1. 902k
jafchan or?
e

25U g
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G INSTEK vev B,000s Auto & ™ Measure
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{2t ehn Ore
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i3 TExas
INSTRUMENTS NE5532, NE5532A, SA5532, SA5532A
&OSD?M —NOVEMBE'R 1979-REVISED JANUARY 2015
NE5532x, SA5532x Dual Low-Noise Operational Amplifiers
1 Features 3 Description
« Equivalent Input Noise Voltage: The NE5532,‘ NES532A, SA5532, and SA5532A
vHz devices are high-performance operational amplifiers
5 nVINHz Typ at 1 kHz = s
. . o combining excellent DC and AC characteristics. They
*  Unity-Gain Bandwidth: 10 MHz Typ feature very low noise, high output-drive capability,
» Common-Mode Rejection Ratio: 100 dB Typ high  unity-gain  and  maximum-output-swing
« High DC Voltage Gain: 100 V/mV Typ bantdW;i_dthsa_olgw dis(tjortiotr;, thi%hrtS!?w . trate,t icr:]tpu:
. A . protection diodes, and output short-circui protection.
\I';‘Ve_zak to Pe_ak Ou\t/put VoltageGSwmg 28V Typ These operational amplifiers are compensated
ith Vee, = 15 Vand R, = 600 Q intemally for unity-gain operation. These devices
» High Slew Rate: 9 V/us Typ have specified maximum limits for equivalent input
noise voltage.
2 Applications
. Device Information("
¢ RVhace PART NUMBER | PACKAGE (PIN) | BODY SIZE (NOM)
= Emmmcden Pos NES5532x, SA5532x | SOIC (8) 14.90 mm x 3.91 mm
* Netbooks NE5532x, SAS532x | PDIP (8) 9.81 mm x 6.35 mm
* Video Broadcasting and Infrastructure: Scalable NE5532x S0 (8) 6.20 mm x 5.30 mm
Platarms 1) For all availabl ka the orderable addendum at
* DVD Recorders and Flayers ™ m‘:;,d?,ﬁhz d‘;t',?';";,eg_“' _— X\ e addencum &
* Multichannel Video Transcoders
* Pro Audio Mixers
4 Simplified Schematic

RIN
VIN—\\—

G

+
>—¢—VOUT

RF

A

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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6 Pin Configuration and Functions

NE5532, NE5532A ... D, P, OR PS PACKAGE
SA5532, SA5532A ... D OR P PACKAGE

(TOP VIEW)
10uUT 1 8V,
1IN- 2 7 7 20UT
1IN+ 3 6 1 2IN—-
V. 4 5 [ 2IN+

Pin Functions

R . o TYPE DESCRIPTION
NAME NO.

1IN+ 3 I Noninverting input

1IN- 2 | Inverting Input

QOuT1 1 (o} Output

2IN+ 5 I Noninverting input Kl
2IN- 6 | Inverting Input

20UT ] (o] Qutput

VCC+ 8 — Positive Supply

VCC- 4 —_ ' Negative Supply

Copyright ©® 19792015, Texas Instruments Incorporated

Submit Documentation Feedback

Product Foider Links: NE5532 NE5532A SA5532 SA5532A
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7 Specifications

7.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)")

MIN MAX| UNIT
Vee  Supply voltage® \\ZZ: _22 2§ :
Input voltage, either input'? @ Veeo Vees| V
Input current® -10 10| mA
Duration of output short circuit® Unlimited
Ty Operating virtual-junction temperature 150 °C
| Tstg Storage temperature range —65 150| °C

(1)

Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended pericds may affect device reliability.

(2) All voltage values, except differential voltages, are with respect to the midpoint between Vec. and Vec-
(3) The magnitude of the input voltage must never exceed the magnitude of the supply voltage.
(4) Excessive input current will flow if a differential input voltage in excess of approximately 0.6 V is applied between the inputs, unless
some limiting resistance is used.
(56) The output may be shorted to ground or either power supply. Temperature and/or supply voltages must be limited to ensure the
maximum dissipation rating is not exceeded.
7.2 ESD Ratings
AN g By A WRHIE | T
Human body medel (HBM), per ANSI/ESDA/JEDEC JS-001, all 2000
pins“)‘
V(ESD} Electrostatic discharge 2 r 1 \
Charged device model (CDM), per JEDEC specification JESD22- 1000
€101, ali pins(
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
7.3 Recommended Operating Conditions
T AL M/ | NNy JMAS, UMT |
Vee+  Supply voltage 8 15 \%
Vec-  Supply voltage -5 -15 A
NES532, NE5S532A 0 70
Ta Operating free-air temperature - °C
i SA5532, SA5532A —40 85
7.4 Thermal Information
NE5532, NE5532A, SA5532, and SA5532A
THERMAL METRIC (" D | P | s UNIT
8 PINS
Rasa Junction-to-ambient thermal resistance @) 97 [ 85 | 95 *CIW

(1)
(2)
@)

Far more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.
The package therma! impedance is calculated in accordance with JESD 51-7.

Maximum power dissipation is a function of T (max), 8,5, and T,. The maximum allowable power dissipation at any allowable ambient
temperature is Pp = (T (max) — Ta) / 8,4, Operating at the absolute maximum T, of 150°C can affect reliability.

4
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7.5 Electrical Characteristics

Vees =15V, Ty = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS ™" MIN TYP MAX| UNIT
Ta=25°C 0.5 4
V Input offset voltage Vo=0 mV
© et ‘ ¥ Ta = Full range® 5
Ta = 25°C 10 150
lio Input offset current 2 nA
Ta = Full range ® 200
) Ta = 25°C 200 800
s Input bias current = nA
Ty = Full range*? 1000
Vick  Common-mode input-voltage range +12 113 \
Vopp  Maximum peak-to-peak output-voltage swing |R; 2600 Q, Vee, = +15V 24 26 \'
T =25°C 15 50
R 26000, Vo =10V 5
. . ) : Ta = Full range® 10
Avp Large-signal differential-voltage amplification VimV
Ta=25°C 25 100
R 22 kQ, Vot10 V s
Ta = Full range(® 15 ]
Ay Small-signal differential-voltage amplification |f= 10 kHz 2.2 VimV
Bom  Maximum output-swing bandwidth R.=6000Q, Vo=+10V 140 kHz
B4 Unity-gain bandwidth R. =600 Q, C; =100 pF 10 MHz
T Input resistance 30 300 kQ
Zy Qutput impedance Avp = 30dB, R_ =600 Q, f=10 kHz 0.3 Q
CMRR Common-mode rejection ratio Vic = Vicr min 70 100 dB
ksvr  Supply-voltage rejection ratio (AVcc/AV o) Veee =19 Vio 215V, Vg =0 80 100 dB
los Output short-circuit current 10 38 mA
lee Total supply current Vo =0, No load 8 16| mA
Crosstalk attenuation (Vgi/Vog) Vg1 = 10 V peak, f= 1 kHz 110 dB

(1) Al characteristics are measured under open-loop conditions, with zero common-made input voltage, unless otherwise specified.

(2) Full temperature ranges are: —40°C to 85°C for the SA5532 and SA5532A devices, and 0°C to 70°C for the NE5532 and NE5532A

devices.

7.6 Operating Characteristics

Vees = 215 V, T, = 25°C (unless otherwise noted)

Copyright @ 1979-2015, Texas Instruments Incorporated

Product Folder Links: NE5532 NE5532A SA5532 SA5532A

NE5S532, SA5532 NE553 SA5532A
PARAMETER TEST CONDITIONS 2 2% UNIT
MIN TYP MAX MIN TYP MAX I
SR Slew rate at unity gain 9 9 Vius
V| =100 ITIV,
Overshoot factor R =_600 Q. 10 10 %
Aw =1,
C, = 100 pF
f=30Hz 8 8 10
Vn  Equivalent input noise voltage nV/VHz
L A 9 [F=1khz 5 5
f=30Hz 27 2.7
1 Equivalent input noise current [ ANz
no . f=1 kHz 0.7 0.7 B
Submit Documentation Feedback 5
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7.7 Typical Characteristics
18 16
% < 14
o 14 =
5 5§ 12
g 12 3 4
8 10 s
2 2 o8
5 8 5
£ £ 06
g ° 5
T 4 s 04
3 5
w2 & 0.z
0 0
i0 100 1000 10000 100000 10 100 1000
Frequency (Hz) Frequency (Hz)
Figure 1. Equivalent Input Noise Voltage vs Frequency Figure 2. Equivalent Input Noise Current vs Frequency
180
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= 40
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Figure 3. Output Swing Bandwidth
vs Temperature at Vee =10 V
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8 Detailed Description

8.1 OQOverview

The NES532, NE5532A, SA5532, and SA5532A devices are high-performance operational amplifiers combining
excellent dc and ac characteristics. They feature very low noise, high output-drive capability, high unity-gain and
maximum-output-swing bandwidths, low distortion, high slew rate, input-protection diodes, and output short-
circuit protection. These operational amplifiers are compensated internally for unity-gain operation. These
devices have specified maximum limits for equivalent input noise voltage.

8.2 Functional Block Diagram

Component values shown are nominal.

8.3 Feature Description

8.3.1 Unity-Gain Bandwidth

The unity-gain bandwidth is the frequency up to which an amplifier with a unity gain may be operated without
greatly distorting the signal. The NE5532, NE5532A, SA5532, and SA5532A devices have a 10-MHz unity-gain
bandwidth.

8.3.2 Common-Mode Rejection Ratio

The common-mode rejection ratio (CMRR) of an amplifier is a measure of how well the device rejects unwanted
input signals common to both input leads. It is found by taking the ratio of the change in input offset voltage to
the change in the input voltage and converting to decibels. Ideally the CMRR would be infinite, but in practice,
amplifiers are designed to have it as high as possible. The CMRR of the NE5532, NE5532A, SA5532, and
SA5532A devices is 100 dB.

8.3.3 Slew Rate

The slew rate is the rate at which an operational amplifier can change its output when there is a change on the
input. The NE5532, NE5532A, SA5532, and SA5532A devices have a 9-V/ms slew rate.

8.4 Device Functional Modes

The NE5532, NE5532A, SA5532, and SA5532A devices are powered on when the supply is connected. Each of
these devices can be operated as a single supply operational amplifier or dual supply amplifier depending on the
application.

Copyright © 1979-2015, Texas Instruments Incorporated Submit Documentation Feedback 7
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the Tl component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Typical Application

Some applications require differential signals. Figure 4 shows a simple circuit to convert a single-ended input of 2
V to 10 V into differential output of +8 V on a single 15-V supply. The output range is intentionally limited to
maximize linearity. The circuit is composed of two amplifiers. One amplifier acts as a buffer and creates a
voltage, Voyr.. The second amplifier inverts the input and adds a reference voltage to generate Vgyr_. Both
Vour+ and Vg range from 2 V to 10 V. The difference, Vpe, is the difference between Vour+ and Vgoyr-.

R2
NN
Ri 15V
VW B O Vour-
+
" Rs = +
REF
12V 5
Voire
I 0O Vours

Vin

Figure 4. Schematic for Single-Ended Input to Differential Output Conversion

9.1.1 Design Requirements

The design requirements are as follows:
= Supply voitage: 15V

» Reference voltage: 12V

* Input:2Vito10V

*  Output differential: +8 V

8 Submit Documentation Feedback Copyright © 1879-2015, Texas Instruments Incorporated
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Typical Application (continued)
9.1.2 Detailed Design Procedure

The circuit in Figure 4 takes a single-ended input signal, Vyy, and generates two output signals, Vour+ and Vgour
using two amplifiers and a reference voltage, Vrer. Vour. is the output of the first amplifier and is a buffered
version of the input signal, V\y Equation 1. Vqyr- is the output of the second amplifier which uses Vger to add an
offset voltage to Vyy and feedback to add inverting gain. The transfer function for Vgyr_ is Equation 2.

Vour+ = Vin 1

Vout- = VrefX[ i Jx(1+E)—Vian—2

R3+R4 R1 R1 (2)
The differential output signal, Vs, is the difference between the two single-ended output signals, Vgyr. and
Vour-. Equation 3 shows the transfer function for Vp,+. By applying the conditions that Ry = R; and R; = Ry, the
transfer function is simplified into Equation 6. Using this configuration, the maximum input signal is equal to the
reference voltage and the maximum output of each amplifier is equal to the Viree. The differential output range is
2%Vpee. Furthermore, the common mode voltage will be one half of Ver (see Equation 7).

N

R R R
Voirr = VouT+ —Vour- = Viy x (1 +ﬁf‘) — VREF % [4—)(1 * Ef‘J

Ra+ Ry (3)

Vour: = Viy (4)

Vour- = Vrer = Vin )

Voirr = 2xViy — Viee {6)
v, - (Voun + VOUT—] - lVREF

2 2 @)

9.1.2.1 Amplifier Selection

Linearity over the input range is key for good dc accuracy. The common mode input range and the output swing
limitations determine the linearity. In general, an amplifier with rail-to-rail input and output swing is required.
Bandwidth is a key concern for this design. Since the NE5532 has a bandwidth of 10 MHz, this circuit will only be
able to process signals with frequencies of less than 10 MHz.

9.1.2.2 Passive Component Selection

Because the transfer function of Vigyr- is heavily reliant on resistors (R;, Ry, Rs, and R,), use resistors with low
tolerances to maximize performance and minimize error. This design used resistors with resistance values of 36
kQ with tolerances measured to be within 2%. But, if the noise of the system is a key parameter, the user can
select smaller resistance values (6 kQ or lower) to keep the overall system noise low. This ensures that the noise
from the resistors is lower than the ampilifier noise.

9.1.3 Application Curves

The measured transfer functions in Figure 5, Figure 6, and Figure 7 were generated by sweeping the input
voltage from 0 V to 12V. However, this design shouid only be used between 2 V and 10 V for optimum linearity.

Copyright ® 1979-2015, Texas Instruments Incorporated Submit Documentation Feedback 9
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Typical Application (continued)

Figure 6. Positive Output Voltage Node vs Input Voltage
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Figure 5. Differential Output Voltage vs Input Voltage
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Figure 7. Positive Output Voltage Node vs Input Voltage
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10 Power Supply Recommendations

The NE5532x and SA5532x devices are specified for operation over the range of +5 to +15 V; many
specifications apply from 0°C to 70°C (NE5532x) and -40°C to 85°C (SA5532x). The Typical Characteristics
section presents parameters that can exhibit significant variance with regard to operating voltage or temperature.

éAUTION I

l Supply voltages outside of the +22 V range can permanently damage the device (see
i the Absolute Maximum Ratings).

Place 0.1-uF bypass capacitors close to the power-supply pins to reduce errors coupling in from noisy or high
impedance power supplies. For more detailed information on bypass capacitor placement, refer to the Layout
Guidelines.

11 Layout

11.1 Layout Guidelines

For best operational performance of the device, use good PCB layout practices, including:

*+ Noise can propagate into analog circuitry through the power pins of the circuit as a whole and the operational
amplifier. Bypass capacitors are used to reduce the coupled noise by providing low impedance power
sources local to the analog circuitry.

— Connect low-ESR, 0.1-uF ceramic bypass capacitors between each supply pin and ground, placed as
close to the device as possible. A single bypass capacitor from V+ to ground is applicable for single
supply applications.

* Separate grounding for analog and digital portions of circuitry is one of the simplest and most-effective
methods of noise suppression. One or more layers on multilayer PCBs are usually devoted to ground planes.
A ground plane helps distribute heat and reduces EMI noise pickup. Make sure to physically separate digital
and analog grounds, paying attention to the flow of the ground current. For more detailed information, refer to
Circuit Board Layout Techniques, SLOADS9.

+ To reduce parasitic coupling, run the input traces as far away from the supply or output traces as possible. If
it is not possible to keep them separate, it is much better to cross the sensitive trace perpendicular as
opposed to in parallel with the noisy trace.

» Place the external components as close to the device as possible. Keeping RF and RG close to the inverting
input minimizes parasitic capacitance, as shown in Layout Example.

* Keep the length of input traces as short as possible. Always remember that the input traces are the most
sensitive part of the circuit.

* Consider a driven, low-impedance guard ring around the critical traces. A guard ring can significantly reduce
leakage currents from nearby traces that are at different potentials.

RIN
VIN——AAA T
—VOUT
G

= RF

11.2 Layout Example

Figure 8. Operational Amplifier Schematic for Noninverting Configuration

Copyright © 1979-2015, Texas Instruments Incorporated Submit Documentation Feedback 11
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Layout Example (continued)

Place components close to

device and to each other to
Run the input traces as far reduce parasitic emors vss
away from the supply lines
as possible RF
J out1 | veer
o o o W i e
: A T
[ GNDO—/\/\/\/ ouT2 l 1 [
: |
1
1
i vino—A/\/\, IN2— l 1O
l RIN \
r IN2+ I
Only needed for | Use low-ESR, ce_ramic
dual-supply : bypass capacitor
operation |
l
1

VS-
(or GND for single supply) Ground (GND) plane on ancther layer

Figure 9. Operational Amplifier Board Layout for Noninverting Configuration
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12 Device and Documentation Support

12.1 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 1. Related Links

Parts Product Folder Sample & Buy DLZC::‘E::S Tools & Software cs:mpmr;:y
NE5532 Click here Click here Click here Click here Click here
NES532A Click here Click here Click here Click here Click here
SA5532 Click here Click here Click here Click here Click here
SAS532A Click here Click here Click here Click here i Click here

12.2 Trademarks
All trademarks are the property of their respective owners.

12.3 Electrostatic Discharge Caution

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

m ESD damage can range from subtle 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.

12.4 Glossary
SLYZ022 — T/ Glossary.
This glossary lists and explains terms, acronyms and definitions.

13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical packaging and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser based versions of this data sheet, refer to the left hand navigation.
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PACKAGING INFORMATION

Addendum-Page 1

Orderable Device Status P ge Type Package Pins o Eco Plan Lead/Ball Finish MSL Peak Temp  Op Temp (*C) Device Marking Samples
o Drawing Qty @ o @ “s
NES532AD ACTIVE SoiC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM D70 N5532A =
Ry
NES532ADR ACTIVE SOIC D ] 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto70 N5532A
o
NESS532ADRE4 ACTIVE SoiC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Oto 70 N5532A =
s
NES532ADRG4 ACTIVE S0IC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0t 70 NB532A
s
NESS32AP ACTIVE PDIP P -] 50 Green (ReHS CU NIPDAU N/ A for Pkg Type 04070 NES5a2AP m
& no Sb/Br) &
NES532APE4 ACTIVE PDIP P B 50 Green (RoHS CU NIPDAU N/ A for Pkg Type D70 NES5532AP =
R
NES532APSR ACTIVE S0 PS 8 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 070 N5532A
P o
NES532APSRE4 ACTIVE SO PS 8 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM Ot 70 N55324 m
& no SbiBr)
NES§32D ACTIVE SOIC D 8 75 Green (RoHS CU MIFDAL Level-1-260C-UNLIM Oto 70 N5§532 m
& no SbiBr)
NE5532DR ACTIVE SOiC D 8 2500 Green(RoHS CU NIPDAU|CUSN  Level-1-260C-UNLIM Ot 70 N5532 m
& no Sh/Br)
NES532DRE4 ACTIVE SOiC D 8 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0t 70 N5532
o
NE5532DRG4 ACTIVE SOIC o 8 2500 Green (RoHS CU NIFDAU Level-1-260C-UNLIM D70 N5532 m
& no Sb/Br)
NESS32P ACTIVE PDIP P 8 50 Pb-Free CUNIPDAU [ CU SN N/ A for Pkg Type Qw70 NES532P m
(RoHS)
NESS532PE4 ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N/ A for Pkg Type Oto 70 NES532P
e
NES5S532PSR ACTIVE SO PS 8 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 070 MN5532
-t
SAS5532AD ACTIVE SOIC D & 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 401085 SAS532A le:
oo
SA5532ADG4 ACTIVE SOIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 SAB5532A m
& no Sb/Br)
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Orderable Device Status  Package Type Pm Pins Package FEco Plan Lead/Ball Finish MSL Peak Temp  Op Temp (°C) Device Marking Samples
o o Drawing Xy @ @ @ - @) -
SAS532ADR ACTIVE SoiC D 8 2500  Green (RoHS CU NIPDAU Level-1-260C-UNLIM  -4010 85 SA5532A m
& no Sb/Bn)
SALL3I2AP ACTIVE PDIP i 8 50 Green (RoHS CU NIPDAY N/ A for Pkg Type -40to 85 SAB532AP m
& no Sb/Bn) i
SAS5532APE4 ACTIVE FDIiP P 8 50 Green (RoHS CU NIPDAU N/ A for Pkg Type -40 1085 SAB532AP m
& no Sb/Bn)
SAS5532D ACTIVE SOiC D 8 7% Green (RoHS CU NIPDAU Level-1-260C-UNLIM  -40 o 85 SA5632 Samples
& no Sb/Br)
SAS532DR ACTIVE SoiC o] 8 2500  Green (RoHS CU NIPDAU Lavel-1-260C-UNLIM ~ -401085 SA5532
& no Sb/Br)
SAS5532P ACTIVE PDIP P 8 50 Green (RoHS CU NIPDAU N/ A for Pkg Type -40 to 85 SA5532P
. N | @ & 2 o Sb/3) 104 Samples |

™ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Ti has announced that the davice will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommendad for naw dasigns. m&hmmwmm,mnmmmmmmmmamam
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

! RoHS: Ti defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soidered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RnHSEnmpt:Tldaﬁnu"RDHSEmmprtomomptoducummninludhmmwnplmwilhEURnHSwmmnspeciﬁcEU RoHS exemption.
Gl'l-n:11daﬁnus“Grs!n‘brrnmMcmmofcﬂm(cnN&WM(&)Mﬁmmszmmnmmd“1mmm.mmbmd
flame retardants must aiso meet the <=1000ppm threshold requirement.

WMSL, Peﬂ:Tamp.-demmemrﬁuamﬁmmmeECimmmﬁcﬁm.arﬂpeaksddm‘lmmﬂ.u’e.
“'Mmaybnaddﬁcml marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Muttiple Davice Markings will be insida parenthesas Only one Device Marking containad in parentheses and separated by a"~"will appaar on a devica If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

”Wm-&mmmmmmmmfmmmwwamwm.memmmmmhmmwmm
value exceeds the maximum column width.

Addendum-Page 2
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ImpomnttnfonnuionandDi.ulllmar:Theinfonnaticnpmvldudnnuﬁspaqemﬂ'ahmhdqemndiefasdﬂmdammmspmviﬁnd.Trbasesluknowhdgeandbeﬁafuninfonnaﬁon
provided by third parties, and makes no representation or warmanty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. T1 has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tlmnsxppliarsmideromﬁninfamaﬁonwbepropﬂmry.wmmnmswmmundhhmaﬁmmymbewmwmae.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl par(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 fﬂ- KO I-Q—P1—>]
g KRR R Y T
Reel . A b l
Diameter
Cavity —>l A0 ]-4—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
K0 | Dimension designed to accommodate the component thickness,
A W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
N N
_{ Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O™ OGNS, 4/ O OO Sprocket Holes
: [
T
Q11 Q2 Q1 :
sl 7 FL N —— -1
Q31 Q4 Q3 | User Direction of Feed
¥ 4 |
T T
e
Pocket Quadrants
"All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pint
Type |Drawing Diameter] Width | (mm) | (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1 (mm)
NE5532ADR SOIC D 8 2500 330.0 12.4 6.4 52 21 8.0 | 12.0 Q1
NE5532DR SoIC D 8 2500 330.0 12.8 6.4 Y 2:1 8.0 | 120 Q1
NE5532DR SOIC D 8 2500 330.0 12.4 6.4 5.2 2. 8.0 | 120 Q1
NE5532DRG4 SOIC D 8 2500 330.0 124 6.4 52 @ 8.0 | 120 Q1
SA5532ADR Solic D 8 2500 330.0 124 6.4 5.2 21 80 | 120 (o)
SA5532DR SOIC D 8 2500 330.0 12.4 6.4 5.2 21 8.0 12.0 Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
NE5532ADR SOIC D | 8 2500 340.5 338.1 20.6
NE5532DR SOIC D 8 2500 364.0 364.0 27.0
NE5532DR SOIC D 8 2500 340.5 338.1 20.6
NE5532DRG4 SoIC D 8 2500 340.5 338.1 20.6
SA5532ADR SOIC D 8 2500 340.5 338.1 20.6
SA5532DR lo]le D 8 2500 3405 331 | 20.6

Pack Materials-Page 2



MECHANICAL DATA

P (R—PDIP-T8)

PLASTIC DUAL—IN=-LINE PACKAGE

0.400 (10,16)

/“ 0.355 (5.02) ™
5

0.260 (5,60)

0.240 (6,10

A

|

| P e ey o .
° &
(TR g% '

le— 0.00-1,/8)
0.045 (1,14)

0.325.(8,26)

0.045 (1,14
Sen o (ARl VR
| 1l A B
/ | \ : % & [0.015{0,58)]
' ( \ e
k i‘ Il l 0.200 (5,08) MAX =t R R oicne
i ' Ak ) ; Seating Plane '
e f 25) 10
J | 0.175 {5518) MIN S 0010 (ﬂ,[.)) NOM
| ; I T —__'_AF : -
0100 (2,54) L— 0.430 (10,92) »‘
‘ MAS
N \‘— R021 ’\:\7)
: 0.015 (0,38)
&[0.010 (0,25)()]
4040082/ 04/2010
NOTES: A Al linear dimensions are in inches (millimeters).

C. Falls within JEDEC MS-001

variation BA.

B. This drawing is subject to change without notice.
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DO0008A

PACKAGE OUTLINE

SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

[ .228-.244 TYP

[5.80-6.19]
—PIN 11D AREA

L

-\

SEATING PLANE\\

(& To0a0a[c}+ =

1 SH=E 8— ‘I»
I
i
| — g J
188-.197 2X
[4.81-5.00] ig 5801 ] i
NOTE 3 y i :
[/ (= | [
. §) ~ I
4X (0°-1 |
] e -.
8 8X .012-.022 ] 1
150-157 ———»| [0.31-0.5 —=l 069 MAX
3.81-3.98 '
ENOTH] {9 01010253 [c[A]B] [1.75]
. /‘ 5 4 \ B
A .
( / I \u .005-010 TYP
i J / jL j- [0.13-0.25]
A /" 31
/\-.g”/ - 4X (0°-15") \/L —]
SEE DETAIL A
010
[0.25]
fl {
X L
gy & .004-.010
0-8 T [0.11-0.25]
016-050 —|=—»
[0.41-1.27) DETAIL A
(.041) TYPICAL
[1.04]
4214825/C  02/2019
NOTES:

1. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

exceed .006 [0.15] per side.

4. This dimension does not include interlead flash.
5. Reference JEDEC registration MS-012, variation AA.
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EXAMPLE BOARD LAYOUT
DO008BA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

]

8X (.024)
[0.6] SYMM
s —— g e W ¢

_"_'_3.
i S (R.002 ) TYP

Z |
|
== e L

ol

8X (.061 )
1159 SYMM SEE
¢ DETAILS
| 8

6X (.050 ) | |
[1.27]
R 7 %143? N W
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X
SOLDER MASK SOLDER MASK
METAL ETAL UNDER
/ OPENING OPENING \ SOLDER MASK
’ 1
EXPOSE ' /l/ J ‘
> J
e EXPOSEW \ —
METRE *IL METAL
— 0028 MAX ouza MIN
[0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have altemate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN

SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

1.

8X (.024)
[0.6]

\

6X (050 ) —
[1.27]

8X (.061 ) ﬁ
55)
I |

SYMM
¢

T i

| S (RO02 )TYP

(T Js ©on

I'; (.213) ——‘

[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL

SCALE:8X

4214825/C 02/2019

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded comners may offer better paste release. IPC-7525 may have alternate

design recommendations.

9. Board assembly site may have different recommendations for stencil design.

-
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MECHANICAL DATA
PS (R-PDS0-G8) PLASTIC SMALL-OUTLINE PACKAGE

T 0,15 NOM
5.6

[ | > e Ik |
_‘,_____\ ” H || H /_j:_ Seating Plone ‘_j_\ ) FL

L 2,00 MAX

4040063/C 03/03

NOTES: A, Al lineor dimensions ore in millimeters.
B. This drowing is subject to change withoul notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15,
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IMPORTANT NOTICE AND DISCLAIMER

Ti PROVIDES TECHNICAL AND RELIABILITY DATA (iINCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
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standards, and any other safety, security, or other requirements. These resources are subject to change without notice. TI grants you
permission to use these resources only for development of an application that uses the T! products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products.
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Zero Height "Ultra-Mini" SiSonic™ Microphone Specification
With MaxRF Protection and Extended Low Frequency
Performance

Knowles Acoustics
1151 Maplewood Drive
itasca, IL 60143

Y. Knowles Acoustics, a division of Knowles Electronics, LLC. Revision: A .
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1. DESCRIPTION AND APPLICATION

1.1 DESCRIPTION Zero Height "Ultra-mini” SiSonic Microphone with Maximum
RF Protection and Extended Low Frequency Performance

1.2 APPLICATION Consumer electronics

2. PART MARKING

identification Number Convention
SFA 2.3
£ 5 657

S: Identification Marking
"$" - Knowles SiSonic Production
“E" - Knowles Engineering Samples
Digits 1-7: Job Identification Number
3. MATERIALS STATEMENT

3.1 Meets the requirements of the European RoHS directive,
2002/95/EC as amended.

3.2 Meets the requirements of the industry-standard IEC 61249-2-
21:2003 for halogenated substances and Knowles Green Materials
Standards Policy section on Halogen-Free.

3.3 Ozone depleting substances are not used in the product or the
processes used to make the product, including compounds listed in

annex A, B, and C of the "Montreal Protocol on Substances that
deplete the Ozone Layer."

4. TEMPERATURE RANGE

4.1 Operating Temperature Range: -40°C to +100°C
4.2 Storage Temperature Range: -40°C to +100°C

Y Knowles Acoustics, a division of Knowles Electronics, LLC. Revision: A
S- e Release Level: Active
ISonic Sheet 2 of 11
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5. ABSOLUTE MAXIMUM RATINGS

SPU1410LR5H-QB

Parameter Absolute Maximum Rating Unit
Supply Voltage, Vpp to Ground -0.5, +5.0 \"
OUT to Ground -0.3, Vpp+0.3 V

Input Current to Any Pin o mA

Stresses at these Absolute Maximum Ratings may cause permanent damage to the device. These are
stress ratings only. The device may not function when operated at these or any cther conditions
beyond those indicated under “Acoustic & Electrical Specifications”. Exposure beyond those indicated
under “Acoustic & Electrical Specifications” for extended periods may affect device reliability.

6. ACOUSTIC & ELECTRICAL SPECIFICATIONS

TEST CONDITIONS: 23 £2°C, 60-70% R.H., Vop{min) £ Vpp < Vop{max), no lead, unless otherwise specified

Limits ;
Parameler Symbol Condilion Unit
Min. | Nom. | Max.
Supply Volfagel Vi 15 3 3.6 v
Curmrent Consumption'| oo - 120 160 pA
Direclivily Omni-directional
Sensitivity'| S 94 dB SPL @ 1kHz -41 -38 -35 |dBV/Pa
Signal fo Noise Ratic| SNR | 94 dB SPL @ 1kHz, A-weighted| — 63 — dB (A)
Output Impedance| Zour @ lkHz — — 400 Q
Total Harmonic 100 dB SPL @ 1kHzZ, Ripoa > 3kQ| — — 1 %
Distortion 3D 115 dB SPL @ 1kHz, Rpaa > 3kQ| — i, 10 %
Polarity Increasing sound pressure Increasing output voltage

" 100% tested

L

SiSonic

Knowles Acoustics, a division of Knowles Electronics, LLC.

Revision: A
Release Level: Active
Sheet 3 of 11
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7. FREQUENCY RESPONSE CURVE

TYPICALFREE FIELD RESPONSE
NORMALIZED TO 1kHz

Sensitivity (dB)
X hNONRO®
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[¥]
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M
o

10 100 1,000 10,000
Frequency (Hz)

‘ ) Knowles Acoustics, a division of Knowles Electronics, LLC. Revision: A .
Si b Release Level: Active
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SPUT410LR5H-QB
8. MECHANICAL SPECIFICATIONS
W —] (L — 1.932 4=
Urde — ©0.612
271 = / $0.723
e dd ™
2.636 2-303® @
l (3‘X)

0634 | @

(2X)

0.485 —={ |j=— (2X]
J=Qddyr<i==
2.031 -

ITEM DIMENSION TOLERANCE UNITS PIN OUTPUT
LENGTH (L) 3.760 +0.100 mm PIN # FUNCTION
WIDTH (W) 3.000 +0.100 mm ! OUTPUT
HEIGHT (H) 1.100 +0.100 mm g gggﬁﬁg
ACOUSTIC
PORT (AP) 0.25 +0.08 mm 4 POWER (Vop)

= 5 GROUND
6 GROUND
Note:

Dimensions are in milimeters unless otherwise specified.
Tolerance +0.15mm unless otherwise specified.
Knowles Acoustics, a division of Knowles Electronics, LLC. Revision: A

- o Release Level: Active
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9. RECOMMENDED CUSTOMER LAND PATTERN

00.612

@0.722
(2X)

0.634 |
(2X)

©0.562
{2X) {2X)

Note: For solder stencil information please contact Knowles.

By, Knowles Acoustics, a division of Knowles Electronics, LLC. Revision: A )
Si e Release Level: Active
ISonic Sheet 6 of 11
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+
POWER
=== AMA-
| R1
OUTPUT

| J H—ann Ei

| : R2 S—

f £

tted — —=
g:ct?on GR-C'>UND EXTERNAL GAIN = -R1/R2
Represents (SET BY CUSTOMER)
SiSonic™
Microphone o Vref
() Knowles Acoustics, a division of Knowles Electronics, LLC. Revision: A

. e Release Level: Active
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11. PACKAGING DETAIL

+ - +
2.00+0.05 8.00+0.10 0.30+0.05 e
1.7520.10
— 1 4.00 —= o N 1.3040.10 —=| f=—
LT, _‘ '""-—;
OO+ @\
} ol - o] Fod Fed— 01520
5.50+0.05 T il = 73 % r
f - 340£010 At \ ™ )
=14.16+0.10 P1.5 0.0
COMPONENT
ORIENTATION
REEL QUANTITY
MODEL NUMBER SUFFIX o . -
SPU1410LR5H-QB 7 13" 5,700
TAPE & REEL  |PER EIA-481 Nofte:
LABEL APPLIED TO EXTERNAL PACKAGE & Dimensions are in milimefers
LABEL DIRECT 1O REEL unless otherwise specified.
() Knowles Acoustics, a division of Knowles Electronics, LLC. Revision: A

- Release Level: Active
SiSonic Sheet 8 of 11
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12. SOLDER REFLOW PROFILE

SPU1410LR5H-QB

260°C

) 230°C
170-180°C 1
¥ :
Pre-heat Solder Melt
120 sec. ' 100sec.

Stage Temperature Profile Time (maximum)
Pre-heat 170 ~ 180°C 120 sec.
Solder Melt Above 230°C 100 sec.
Peak 260°C maximum 30 sec.

13. ADDITIONAL NOTES

(A)  Shelf life: Twelve [12) months when devices are to be stored in factory supplied,
unopened ESD moisture sensifive bag under maximum environmenial conditions of
30°C, 70% R.H.

B)  MSL {moisture sensitivity level} Class 2a.

C) Do not pull a vacuum over port hole of the microphone. Pulling a vacum over the

port hole can damage the device.
(D) Do not board wash after the reflow process. Board washing and cleaning agents

can damage the device. Do not expose to ulirasonic processing or cleaning.
(E} Do not brush board after the retlow process. Brushing the board with/without

solvenfs can damage the device.
(F) Do not insert any object in port hole of device at any time as this can damage the

device.

(G) Number of reflow - Recommend no more than 3 cycles.
{(H} Do not apply air pressure into the port hole. Air pressure over 30psi can damage

the device.

|

SiSOn:i'!‘:'

Knowles Acoustics, a division of Knowles Electronics, LLC.

Revision: A
Release Level: Active
Sheet 9 of 11
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14. RELIABILITY SPECIFICATIONS

Note: After test condilions are performed, the sensitivity of the microphone shail
not deviate more than 3dB from its inifial value.

Test Description
100 cycles of air-air thermal shock from -40°C to
+125°C with 15 minute soaks. (IEC 68-2-4)

Thermal Shock

High Temperature +105°C environment for 1,000 hours. (IEC 68-2-2 Test
Storage Ba)
Low Temperature

-40°C environment for 1,000 hours. (IEC 68-2-2 Test Aq)
Storage

+105°C environment while under bias for 1,000 hours.
(IEC 68-2-2 Test Ba)

-40°C environment while under bias for 1,000 hours.
{IEC 68-2-2 Test Aq)

Temperature / Humidity|+85°C/85% R.H. environment while under bias for 1,000

High Temperature Bias

Low Temperature Bias

Bias hours. (JESD22-A101A-B)
4 cycles lasting 12 minutes from 20 TO 2,000 Hz in X, Y
Vibration and Z direction with peak acceleration of 20g. (MIL

883k, Method 2007.2, A)

3 discharges atf +/-8kV direct contact to lid when unit
Electrostatic Discharge |is grounded (IEC 61000-4-2) and 3 discharges at +/-2kV
direct contact to /O pins. (MIL 883E, Method 3015.7)

Reflow 3 reflow cycles with peak temperature of +2460°C.
Mot thinieal Shock 3 pulses of 10,000g in the X, Y and Z direction. (IEC 68-2-
27, Test Eq)
£~y ) Knowles Acoustics, a division of Knowles Electronics, LLC. Revision: A

Si Release Level: Active
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15. SPECIFICATION REVISIONS

Revision Detaiied Specificafion Changes Date

A INITIAL RELEASE [C10113345] 02/14/12

The information contained in this literature is based on our experience fo date and is believed fo be reliable and it is
subject fo change without nofice. 1t is intended as a guide for use by persons having technical skill at their own
discretion and risk. We do not guarantee favorable resulis or assume any liabiiity in connection with its use.
Dimensions contained herein are for reference purposes only. For specific dimensional requirements consult factory.
This publication is not to be taken as a license to operate under, or recommendation to infringe any existing
patents. This supersedes and voids ali previous literature.

ko Knowles Acoustics, a division of Knowles Electronics, LLC. Rerision: A .
- o Release Level: Active
Sisonic Sheet 11 of 11
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