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RESUMEN

Este articulo presenta los resultados preliminares de un sensor de glucosa no invasivo que
utiliza espectroscopia de infrarrojo cercano con el objetivo de medir la glucosa analizando la
absorcién de luz de la glucosa en dos longitudes de onda especificas. Se disefid un circuito de
adquisicion de datos, que incluye el estado de control del LED, el amplificador de
transimpedancia y los circuitos de filtrado, asi como un algoritmo de estimacion mediante
regresion de minimos cuadrados parciales (PLS). Los datos se adquirieron a través de tres
etapas diferentes, cada una con condiciones distintas. El sistema se calibré con 60 datos de
cada longitud de onda y se prob6 con 12 datos de cada longitud de onda. Los resultados se

evaluaron con el error cuadratico medio (RMSE) y el anélisis del error de rejilla de Clarke.

Palabras clave: Diabetes, sensor de glucosa, no invasivo, prototipo, estimacion.



ABSTRACT

This paper presents the preliminary results of a non invasive glucose sensor using near
infrared spectroscopy with the aim of glucose measurement analyzing the glucose light
absorption at two specific wavelengths. A data acquisition circuit, which include LED control
state, transimpedance amplifier and filtering circuits were design, as well as an estimation
algorithm using Partial Least Square (PLS) regression. The data was acquired through three
different stages, each one with different conditions. The system was calibrated with 60 data
from each wavelength and tested with 12 data from each wavelength. The results were

evaluated with the Root Mean Square Error (RMSE) and the Clarke’s grid error analysis.

Key words—Diabetes, glucose sensor, non invasive, prototype, estimation.
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INTRODUCTION

In the last years, the amount of people diagnosed with diabetes has increased in
unbelievable numbers. According to the World Health Organization, from 1980 to 2014 the
quantity of people with diabetes increased from 108 millions to 422 millions [1]. This disease
is not only a world wide public health challenge, but also a national challenge. In fact,
according to the Pan-American Health Organization, in Ecuador there is a prevalence of 1.7%
of diabetes in adults from 10 to 59 years old [2].

Diabetes is a disease which does not recognize between age, gender, race, and it is
caused by an immunologic effect where the body identifies the insulin produced by the
pancreas as an external agent and attacks it. There are three types of diabetes: Type 1
Diabetes Mellitus (T1D), Type 2 Diabetes Mellitus (T2D), and Gestational Diabetes Mellitus
(GD) [3]. One similarity between all of these types of diabetes are the cost of the disease. The
minimal cost for treating this illness in Ecuador, which includes clinical examinations,
medical consultations, supplies and medications is $224,36 per month or $2692,32 per year
[4]. In this analysis, the supplies and medications that are considered are the cheapest ones,
but nowadays the best way to control and avoid future complications is the use of new
technologies that are even much more expensive.

After insulin, the most important supply for diabetes treatment is the instrument for
measuring the blood sugar or glucose called glucometer. The most widely used glucometer is
the Accu-Chek Performa Nano, where a test strip and a drop of blood is used to determine the
amount of glucose after few seconds [5]. Other instruments for glucose measurement are the
Continuous Glucose Monitoring (CGM) which are sensors that capture information about the
behaviour of glucose through interstitial tissue. One of the most popular CGM is the Free

Style Libre, a glucose sensor from Abbot which main difference with glucometers is that
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these instruments give information in terms of glucose tendency [6]. All these instruments are
invasive or minimal invasive, however they causes pain to patients.

The focus of this study is centered around a non invasive way for measuring glucose
level, and compare our method with the other instruments for glucose measurement such as
the Accu-Chek Performa Nano and the Free Style Libre. Moreover, the aim of this research is
to analyze the glucose light absorption at specifics wavelengths using the Lambert-Beer law,
make a partial least square regression to calibrate a glucose measurement estimation model.

This work is organized in the following manner: in the section of development is the
methodology to obtain the photoplesthysmogram (PPG) signal, process it and calibrate the
model. In this section, the experimentation and results are presented for a variety of scenarios
with respect to glucose measurement under different amount of carbohydrates ingested. The

overall findings and future steps are presented in the conclusion section.
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DEVELOPMENT
METHODOLOGY

In this section, the Lambert-Beer law is explained through their equations. Then, the two
wavelengths are defined for obtaining the peak light absorption of glucose. Moreover, each
part of the circuit to obtain the PPG signal together with the design equations are explained.
The signal processing, which includes a peak and valley detection algorithm and absorbance
calculation are also presented. Finally, the calibration model and glucose estimation is

detailed.
Lambert-Beer Law

Before explaining the Lambert-Beer law, it is important to understand the behaviour
of light when it has interaction with glucose and human tissue. As it can be seen in Fig. 1,
there are two main elements: the NIR diode and a photodiode. The intensity of reflected light
is the aspect to be analyzed. In Fig. 1 a), there is a little light absorbance, which means a less
glucose concentration due to the light intensity received by the photodiode is low. In the
other hand, in Fig. 1 b), when there is more glucose in blood, the light intensity is higher

because there is more reflected light so that the absorbance is also higher [7][8][9][10].

NIR Diode Photodiode NIR Diode Photodiode
1 [1 1

a)

Figure 1 Behavior of light across human tissue. Principle of reflection [8].
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The Lambert-Beer law is the method used to estimate the glucose value through the
information gather by the light absorbance of tissue. This law states that the absorbance of
light through any type of solution is proportional to the concentration of the solution and the
length path travelled by the ray [7][8][9][11]. Equation (1) describes the Lambert-Beer law
where I is the light intensity at an specific wavelength, I, the incident light intensity, € is the
molar extinction coefficient, C is the molar concentration and L is the path length [7][8][9].
Equation (1) is modified with the aim to obtain the absorbance of light. The new equation can
be seen at equation (2) where A is the absorbance, I, is the intensity of incident light and I is
the intensity of light at a specific wavelength [8][9][12].

[ =1,e <t (1)

I
A =logqg (E) (2)
At this point, the basic concept of the Lambert-Beer law is used for glucose

estimation, now we will move on to the determination of peak light glucose absorption

wavelength.
Wavelength of peak light glucose absorption

First of all, it was decided to use LEDs because they are cheaper and easier to obtain
than laser lights. It is important to highlight that at different wavelengths, elements have
different peak absorption of light [7][11][8][9][12][13][14][15][16][17], for this reason it was
decided to choose a wavelength where glucose has a peak light absorption and other where
glucose has a lower peak light absorption. According to [17], to have two absorbance at
different wavelengths can lead to obtain a better estimation model based on multivariate
analysis. For this reason, the wavelength of 940nm that produces a considerable peak light

absorption was chosen. Moreover, a wavelength of 860nm was also selected due to it
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produces a lower peak light absorption for glucose. The elements purchased were the
VSLY5850 of Vishay as the 940nm LED and the VSMB3940X01 of Vishay as the 860nm
LED.

Other important element to be selected is the photodiode which must match with the
same wavelength of the peak light absorption of glucose in order to have the best
performance. According to suggestions of [7][11][8][9][12][13][14][15][16][17] the
QSB34GR of Fairchild Semiconductor was selected because it has a peak light absorption at
940nm which is the peak light absorption of glucose and it also has a natural light filter for
noise suppression. With the two important elements for the light absorption peak of glucose,

the design of each part of the circuit to obtain the PPG signal can be explained.

Obtainning the PPG signal

To get the PPG signal, first it is necessary to understand how this signal works. The
sensor for obtaining a PPG signal works similar to a pulse oximeter, where the light
absorption depend on the heart beat due to the expansion and contraction of blood vessels in
the finger after each heart-beat [8][14]. A PPG signal is composed by two parts: a pulsatile
component that comes from the change of blood volume of heart-beat and non pulsatile
component that has low frequency components that comes from different factors such as
respiration, vasomotor activity and thermoregulation [8][9][14][16].

Based on this change in blood volume, the PPG signals sensor detects variations in
the intensity of transmitted or reflected light of the tissue. When light penetrates into the
human tissue, its intensity fluctuates through the cardiac cycle. Therefore, the photodiode
generates a current that is directly proportional to variation of light intensity

[8][9][14][15][16]. Fig. 2 shows the behaviour of the PPG signal.
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Figure 2 PPG signal per parts [8][17].

After understanding the operation of PPG signals and their parts, it is possible to

move on to each part of the acquisition circuit.

Transmitter and receptor configuration

To have a better glucose estimation, the light that is transmitted should be able to
reach into the deepest human body layer. To achieve the subcutaneous tissue and use the
method of reflection, it is necessary to establish a distance between the emitter and the
receiver because of the path length is equal to half of the distance between the two devices
[71[8][9]. So that a distance of 4mm was selected with the aim that the penetration be 2mm in

the finger tissue.
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Figure 3 Control circuit of ON/OFF state of LEDs.

The design of the circuit was based on [7][11][8][9][10][12][13][14][15][16][18] and
[19]. Fig. 3 presents the ON/OFF LEDs control circuit. As can be seen, a Bipolar junction
transistor (BJT) controls the state of the LED using a Pulse width modulation (PWM) signal
with a frrquency of 1Hz generated by an Arduino UNO. Equation (3) presents the design of
BJT input resistance.
_ Vec-Vpg 5V—-0.65V

= = 380 0Q ?)

I 10mA

R,
For the design of the resistance that connects VVcc with the anode of the LED, it is
important to take into account the necessary voltage that needs the LED to emit the light at
the correct wavelength. For the 940nm wavelength, it is necessary a voltage of 1.55V, and for
the 860nm a voltage of 1.35V is needed. Moreover, according to the data sheet [20][21], the
forward current is 50mA for the 940nm LED and for the 860nm the current is 100mA, so that

the resistance value for each led is (4).

Vee—-V 5V-1.35V
RZ — LED940nm — — 73 Q
Iact 50mA (4)
Vee-v 5V-1.65V
R3 _ LED860NM __ — 33 _Q,

Tact 100mA
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The 2n3904 was the BTJ selected together with a resistance of 330 Q for the base.
Moreover, for the 940nm LED, one resistance of 10 Q in series with other two of 33Q was
used for the 840nm LED only one resistance of 33 Q. As the emitter and receiver needs to be

at a distance of 4mm, a superficial contact PCB was made to get the best results.

Transimpedance amplifier

The photodiode produces a current which is proportional to the light intensity change,
so that, to measure that change it is necessary to transform current into voltage, this operation
does the transimpedance amplifier. Fig. 4 shows the circuit of transimpedance amplifier, the
configuration of the transimpedance amplifier used is the zero-bias mode, where the anode of
the photodiode is connected to ground and the cathode to the negative entrance of the
amplifier . With this configuration the OPAMP keeps the voltage across the diode zero and
the resistance creates a voltage at the output of the amplifier [8][9]. The capacitor is used for

stability and filtering as a low pass filter [9][20].

C3

6p
R4

MWV
100k

o

LM358

2

i
Vat

3

N
1
| @ U1A

< 0sB348R
DIODE >

CcC

N L

| 2

0

Figure 4 Transimpedance amplifier circuit.
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To design the resistance and capacitor of the transimpedance amplifier, the equation
of [9] was used. An important fact to take into account is the amplifier bandwidth gain. The
capacitor can make unstable the output of the amplifier due to the fact that if the intersection
of cut off frequencies of zero and polo is outside the bandwidth gain, the output will oscillate
[9][20]. With this in mind, a LM358 device which has a bandwidth of 1 MHz was used,
knowing that the capacitance of the photodiode is 25pF and as was recommended in [9], the
chosen resistance is 100k Q. Equation (5) was used to completely design the transimpedance

amplifier.

1
3 7 4nR,GBW

[1+/1+8nR,C,qGBW] = 7.15 pF (5)

A commercial ceramic capacitor of 6 pF was used. After the transimpedance
amplifier, it is necessary to filter the signal to eliminate noise and only keep the frequency

band where PPG signals are.
Filters

A filter stage is needed in order to eliminate information of unwanted frequencies and
to remove noise. PPG signals work in frequencies between 1Hz and 10Hz, for this reason, it
is necessary to use a band pass filter to keep this frequency band. At the output of the
transimpedance amplifier, an active band pass filter that is made up by a high pass filter,
followed by a voltage follower configuration together with a low pass filter are fitted. The
low pass filter and the high pass filter are referenced to a voltage of 2.5V instead of ground
because this way the PPG signal will not have negative values.

The design of both low pass and high pass filters was based on equation (6). It was
decided that the value of the capacitor for the high pass filter is 10 puF and for the low pass
filter a capacitor of 100 nF. The cut off frequency for the high pass filter was of 10Hz and for

the low pass filter was of 0.86Hz. Equation (7) presents the resistance values for both filters.
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A voltage divider configuration was used to obtain half of the input voltage, this new voltage
works as a new voltage reference. Then a voltage follower is also implemented so that the
voltage divider does not affect the behavior of the band pass filter. [8][9]. The LM358 device
is also used for the voltage follower configuration. The entire circuit with the respective

values of elements can be seen at Fig. 5. After the filtering of the signal it is necessary to

digitize it.
1
= — 6
fC 2mRC ( )
1
Rs =————— =185k Q
2mw10uF0.86Hz
1 (7
R =——— =159 Q
2m100nF10Hz
[8)
(3]
>
o u1B
c1
vat N 5 +\ R6
11
10u 6 ! AWV |
R5 - 160k 4 o
20k LM358 100n
s ) s
(8]
o
>
U2A
v N
Vcc -
Wy * 1 Vr
3.3k 2 %
R8 <
3.3k LM358
o
=0

Figure 5 Filters and voltage divider circuits.
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Microprocessor and external analog to digital converter

Two different Arduino boards were used in this project. One of them manage the
ON/OFF control of the LEDs and the other obtains the digitization of the analog PPG signal.
To have a better signal resolution, an external analog to digital converter ADS1115[21],
which has a 16 bit resolution, is used in stead of Arduino analog channel that only has 10 bit
resolution. In order to communicate the external analog to digital converter with Arduino

MEGA board, the connection SDA and SCL was used.

Signal processing

MATLAB is used to process the signal. First of all, the ADS1115 takes samples with
a frequency of 475 Hz, and with a MATLAB code, the digital value is printed with a
frequency of 100 Hz and save it in a matrix. Then, the signal is analyzed with a peaks and
valleys detection algorithm. Finally, the light absorbance is calculated based on the Lambert-

Beer law.
Peak and valley detection algorithm

The peak and valley detection algorithm is straight forward. First, the peaks of the
signal are found as maximum values. In order to get the valleys, the signal is inverted and the
peaks are also found so that, this new peaks are actually the valleys of the original signal.
After that, a code to determine if the peaks and valleys found are correct was made. In this
code, the maximum peak and valley values are found and a difference between those values
are calculated, then it is multiplied by a threshold. If this new value is higher than threshold,
the peak and valley position is saved. This process is performed for all peak and valley

values.
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Light absorbance

The light absorbance is obtained based on Equation (2) where I, is the difference
between the peak and valley and I is the value of the valley. Then an average of the detected
peaks and valleys is calculated in order to calibrate the model and to obtain an error between

each calculated absorbance with the average.

Model calibration and glucose estimation

With the absorbance data collected, it is necessary to make a model that estimate the
glucose value. As suggested in [17], the model of partial least squares (PLS) regression was
selected due to the fact that the method finds a linear regression with a projection of the
predicted variables and the observed variables in a new space [17]. In addition, the PLS
regression model lets does a multivariate model where the information of absorbance at two
different wavelengths are the inputs allowing that the estimation model will be more
accurate. The MATLAB plsregress function gives betaPLS coefficients which are basically
the scores of the linear regression model. These values are desired because they can be used
to estimate the value of glucose only with the information of absorbance.

In order to calibrate the model, the 80% to 85% of data collected is used to obtain the
scores of the linear regression model. The rest 15% to 20% of data is used to test how well
the model works for estimate the glucose value.

Finally to be sure that the glucose estimation is clinically correct, 2 measurements are
going to be used. One is the root mean square error (RMSE) which gives the information
about for how much the estimation model is not accurate from the real glucose value.
Equation (8), where 4, is the value estimation, 4; is the real value and n is the number of

samples, describes how to calculate the RMSE.
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n T '2
RMSE = Zis,(A—4) (8)
n

The second one is the Clarke’s grid error analysis which have 5 different zones and
relates the glucose estimation value and the real glucose value. This grid establishes that if
the estimation value is in the zone A or B, it is clinically acceptable and it could pass all the
clinical tries [7][11][8][9][10][12][13][14][15][16][17][18][19]. To obtain the results of the

Clarke’s grid error analysis the code found in [22] was used.
EXPERIMENTATION AND RESULTS

This section talks about how the data for calibrating and estimating glucose was
acquired, besides reports on the obtained results and errors between the estimated glucose
value of the non invasive sensor and the blood glucose obtained by the glucometer Accu-

Chek Performanano and the sensor FreeStyle Libre of Abbot.
Test bench design

Data were collected from only one person. There were 3 stages of data collection:

« 1st stage: For two straight hours, the data was collected every 5 minutes with the Free
Style Sensor, the Accu-Chek Performanano and the non invasive sensor. For this
stage the person was fasting and after the first 15 minutes or 4 data collected, the
subject ingested 25g of carbohydrates and does not have an insulin injection to obtain
the change of glucose through time.
2nd stage: For two straight hours, the data was collected every 5 minutes with the
Free Style Sensor, the Accu-Chek Performanano and the non invasive sensor. For this

stage the person was fasting and after the first 15 minutes, or 4 data collected, the
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subject ingested 25g of carbohydrates and had a dose of insulin injected to obtain the

change of glucose through time and under insulin effect.

3rd stage: Information was collected randomly through two days until 24 absorbance

values were acquired.

At the end of data collection, 72 data for each wavelength had been acquired, where
60 data of each wavelength where used to calibrate the PLS regression model and the other
12 to test how good the estimation model is. The results obtained can be seen in the next

section.
PPG signal and peak and valley detection algorithm

Fig. 6 presents the PPG signal obtained with the peaks and valleys detected by the
algorithm. In table I the average absorbance of different samples can be seen, as well as the
error between the peaks and valleys of that sample with the average of those peaks and
valleys to confirm that the data collected is correct.
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Table 1 Absorbance of different data and error between peaks and valleys of the sample.

Sample  Reference (mg/dl)  Average Absorbance Error (%)
Blood CGM  860nm 940nm  860nm 940nm
1 69 6 0.1438 —— 04113 2.7321 — 1.0954
2 154 — 157 02742 04952  3.9578 27510
3 107 — 78 02111 —— 04190  3.1030 2.3066
4 259 264 04033 — 0.6781  3.7185 —— 4.0161

Non invasive sensor glucose estimation and RMSE

After calibrating the model with the 60 data from each wavelength, the rest 12 data
was used to test how well the model can estimate the glucose value. Table 11 shows the value
of the 12 glucose measurement made with the blood test on the Accu-Chek Performa Nano,
with the FreeStyle Libre and with the non invasive glucose sensor. In this table the RMSE
between the blood glucose, the non invasive sensor and the FreeStyle Libre sensor are also
presented. Looking at these results, it is clearly seen that data from the non invasive sensor
has a RMSE lower than the FreeStyle Libre sensor data. In fact, the method of this project is

approximately 11 mg/dl more accurate than the FreeStyle Libre sensor.
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Table 2 Glucose measurement in blood, the FreeStyle Libre sensor, the non invasive sensor and the RMSE.

Blood glucose FreeStiyle Non invasive
(mg/dl) glucose (mg/dl) sensor glucose (mg/dl)
61 6l 72.03
135 128 148.54
184 204 189.89
219 259 214.48
154 157 165.94
104 101 145.35
143 130 152.05
107 78 126.07
146 75 155.06
123 103 133.77
174 173 180.41
259 264 253.33
RMSE between blood RMSE between blood
slucose and FreeStyle glucose and Non invasive
glucose (mg/dl) sensor glucose (mg/dl)
26.6849 15.9802

Finally, Fig. 7 shows the Clarke’s error grid where the estimated results of the non
invasive glucose sensor and the FreeStyle Libre sensor together with the real blood results are
plotted. The Clarke’s grid diagram shows that for the non invasive sensor 11 (91.67 % )of the
12 testing data is in zone A and 1 (8.33 % ) of data is in zone B. In comparison, for the
FreeStyle Libre sensor the Clarke’s grid graph shows that 10 (88.33 %) of the 12 testing data
isin zone A and 2 (16.67 %) of data is in zone B. With these results, it is evident that thenon
invasive sensor presents more accurate measurements than the FreeStyle Sensor. It should be
noted that any information of the non invasive sensor is in zone C, D or E which indicates
that even though the data is not big enough to have a good deep analysis, it has promising

results and clinically acceptable.
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CONCLUSSIONS

A glucose estimation value using the PPG signal information and calculating the light
absorbance by the human tissue was the main objective of the present research and was
successfully accomplished using a PLS regression for calibrate the model. From the
experimental test, the RMSE between the blood glucose and the non invasive sensor is 11
mg/dl which is more accurate than the RMSE of the blood glucose and the FreeStyle libre
sensor. Moreover, when analyzing the Clarke’s grid error, it was possible to obtain that 91.67
% of the data was in zone A and 8.33 % of the data was in zone B therefore this results are
clinically acceptable as long as there is no estimated glucose in zones C, D and E. Moreover,
from the experimental test, it can be concluded that the non invasive sensor has a more
accurate estimation than the FreeStyle Libre which only presented 83.67 % of data in zone A
and 16.67 % of data in zone B.

Despite the lack of data to calibrate the model and test how well it behaves when it
has to predict glucose value compared to other investigations, the results obtained are
promising. Especially, although there was not much data, the non invasive sensor shows
better RMSE than the FreeStyle Libre when compared to blood glucose. Besides, the
estimated glucose could be considered clinically valid for the subject we obtained the

information.

Future work

As this was the first step towards a non invasive glucose sensor, it is consider that for
future work involving this method, the amount of data must be large enough to obtain more
reliable results and a better calibration. Moreover, with more data it could be possible to have

more feasible RMSE and Clark’s error grid analysis so it can be clinically accepted. For the
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estimation model, it could be implemented an artificial neural network where it considers
other information that gives the PPG signal as blood pressure, blood oxygenation, respiration,
heart rate and see if the model is better or not compared to the PLS regression model. Finally,
this method could work as a closed loop with an insulin pump with the principal objective to

imitates an artificial pancreas.
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VSMB3940X01

Vishay Semiconductors High Speed Infrared Emitting Diode,
8940 nm, GaAlAs Double Hetero
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TAPE AND REEL
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ANNEX D: DATASHEET OF VSLY5850

VISH VSLY5850
v www.vishay.com Vishay Semiconductors
High Speed Infrared Emitting Diode, 850 nm,
Surface Emitter Technology
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Soldaring temperatung 12 &5, & mm from case Ted 260 G
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Radiant porasar k= 100 m&, ;= 20 ms Py 54 m
Ternperature cosfficient of 4, e = 100 & Ty, -5 K
ancla of half indensity L 3 deg
Paak wavelength Ip = 100 rmd, .i'.p B0 sl aya Am
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typical requirements that are often placed on Vishay products in generic applications.  Such staterments are not binding
stafernents aboud the suitability of producis for a particuls application. 1§ is the cusiomer's responsibllity fo velidate that a
particular product with the properies described in the product specification is sutable for use in & padicular applcation,
Paramaters provicked in datashests and ¢ o specifications may vary in different apelications and performance rmay wary over
firmee, A operatog parsmebers, incheding typical pararneters, must be validated Tor each customes apolication By the custormess
technical experts. Produst specilications do not expand or otherwise modify Vishon's terms and conditions of purchase,
ineluding bad not Frmited to the warssrly expressed therain,

Excepl as exprassly indicated in witing, Vishay products are nol designed for use in medical, Be=saving, or lifessustaining
applications o far any other application in which the failure of the Vishay product could resul in personal injury or death,
Custormers using or selling Vishay products not expressly indicated for use in such applications do 50 a1 their own risk,
Please contact authorized Vishay personned fo obtain written terms and condibors egarding produects  designed  for
such applications.

Mo licerse, express of mpled, by estoppe or otherwise, to any intellectual property rights is granted by this document
or by any conduct of Vishay, Product narmes and markings noted hargin may e trademarks of their respective ownens,
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ANNEX E: DATASHEET OF QSB34GR

W SURFACE MOUNT SILICON

FAIRCHILD PIN PHOTODIODE
SEMICONDUCTOR® QSB34

QSB34GR, QSB34ZR

PACKAGE DIMENSIONS, QSB34GR

PR |"_ b _"'I
™, — . -
"‘u‘ I FEET el
M
b+ ‘._r[ b4 SCHEMATIC
UL B |
0 25 35K ) ]
e ANODE
B (1.53
==
CATHODE
Phofosersiie surtace 2058 (4D .3 '1-;-1 :___
\, IR 2.1 e
1 L b T FEATURES
tog :r'_']—i[ I!'—.' i "—’I_]| Dayight Filer
Fo . | t Surface Mount Packages:
g S | — OSB34GR for overmount board
— 358342R for undermount board
Fast PIN Photodiode
Wide Reception Angle, 120
Lange Chip Size = 014 in® {3 mme}
NOTE: « High Sensivi
1. Dimensions for all drawings are in inches (mmij. ¥ B
2. Tolerance of £.005 (.13] on all non-nominal dimensions unless » Low Capacitance
otherwise specified. ) _ _
FAxailable in 04707 {12mm) width tape on 7 {178mm)
diameter resl; 1000 units per resl
ABSOLUTE MAXIMUM RATINGS (T, = 25°C unless otherwise specified)
Parameter Symbol Rating Unit
Operating Temperature Tarr -4 b +85 C
Storage Temperature Tete -4 o +85 C
Soldering Termperature [Reflow) = Yoo 240 for 5 sec C
Revarse Voltage VR a2 ¥
Power Dissipation!" P 150 mW
Mofes:

1. Deraie power dissipation linearky 2.50 mW/~C abowe 25°C.

2. Solder ron (15W max temp 260°C for 5 max sec.)

3. Methanol or isopropyl alcohols are recommended as cleaning agenis.

4. Light soarce is an GaAs LED which has a peak emission wavelength of 340 nm.

]
) 2004 Fairchild Semicontuctor Corparation Page 1 of & 10M19/04
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— SURFACE MOUNT SILICON

FAIRCHILD
— PIN PHOTODIODE
SEMMICONDUCTOR® Q5334
QSB34GR, QSB34ZR
ELECTRICAL / OPTICAL CHARACTERISTICS (T, =25°C unless otherwise specified)
Parameter Test Conditions Symbaol Min Typ Max Units
Reverse Vollage lg=10.1mA VR 32 — v
Diark Reverse Caurrent Ve=10W IRy — 30 nA
Peak Sensifivity Vp=5W hpy 240 nim
Receplion Angle & 1/2 Power a 60 Degreas
Phato Cument Ee = 1.0 mWicm®, Vg = 5 V4 - 25 a7 = pik
Capacitance Ve=3VW C 25 pF
Hise Tima t, 20 ns
Fall Time Vn=WV¥R=300 5 30 ns
Spectral Sensitivity 5 40 AW
TYPICAL PERFORMANCE CURVES

=
z
2 £ o0
# z
g Q2 L1
E B0 / \ £ L]
& £ o .-"',
8 I|r o i
5 a0 i -
B I o] L~
T 7 ‘f‘,-r""
f o »
0 J L /
| VR =3
=2 d L = 540
: e % o
G600 EBO0D SO0 1000 1100 1200 1300 a 0.5 1.0 1.3
L —Wave Length — Nanomesers E& - INRAMMANCE [mWcmT)|
Fig. 1 Relative Spectral Sensitivity vs. Wavelength Fig. 2 Short Circuit Current vs. Irediance

|
1 2004 Fairchild Sémiconducion Corporation Page 2of& 10M19/04
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I — SURFACE MOUNT SILICON

FAIRCHILD PIN PHOTODIODE
SEMICONDLUCTOR® QsSB34

QSB34GR, QSB34ZR

TYPICAL PERFORMANCE CURVES (Cont)

BD - 1000
f =1 KHz
\\ H = OmmiomE ] . 1 1 ___--""F
. m £ =
s \\ Z yop
i H e
é \\‘\ E _..r‘""r
s &0 " v | 3
: N :
% . 3 ___.-""-
J . 1 -
o d d
20 = E ;J’f-"“'
l-\_\_‘—\.._\_ - ] Vet = u |'-
% E# = ImWiioms
| .
ns i ] 100 0 40 v BO 100
i - AEVEREE YOLTAGE (V] TA -TEMPERATURE [°C]
Fig. 3 Capaciiance vs. Aeverse Vollage Fig. 4 Dark Curen vs. Temperature
1200 1 T
E8 = DmVicme
T 1000 — = g
£ g — = .
i =
. 1 5
g boo =] i
x |
E &0 e g
3 B
200 o
0

il 2 4 b B 0 12 4 8 18 X
Vg - REVERSE VOLTAGE [V LOAD AESISTANCE Ay ju)
Flg. 3 Dark Cusren] va. Reverse Voltage Fig. B Response Time vs. Load Aesisbanos

i 2004 Fairchild Semiconducion Corporation Page 3of & 1071904



FAIRCHILD

e ————
SEMICONDUCTOR®

SURFACE MOUNT SILICON

PIN PHOTODIODE
QSB34

QSB34GR, QSB34ZR
PACKAGE DIMENSIONS, QSB34ZR RECOMMENDED SOLDER SCREEN
N PATTERN (For Reference Only)
.’.I‘-:dl!xx | . o _.-I — . I .:'.:.:.::_: ]
. T i i
e+ — J i —F ----------- -—"Eli
R oy =t e o fRiere Lo
- e — RECOMMENDED IR REFLOW
0008 0.3 | Fholosénstie A= won T SGLDEHIHG PHGF'LE
TIEH T | surtace | .00 .10
VR Al ——
T -
i 1 = S Cishc 180 - 200°C
e 4T 1.2 "
NOTE:
1. Dimensions for all drawings are in inches (mmij.
2. Toderance of +.005 (.13) on all nomn-nominal dimensions unless -
otherwise specified. 120860 W
ORDERING INFORMATION
Option Description
QSBMGH Gulhwing, 10300 units per real
OSEMZR Z-Bend reversed, 1000 units per real

i 3004 Fairchild Sémiconducior Corporation

Page 4 of &

10119/04
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W — SURFACE MOUNT SILICON

FAIRCHILD PIN PHOTODIODE
SEMICONDUCTOR® QSB34

QSB34GR, QSB34ZR

TAPE & REEL DIMENSIONS

A L=}
1L - =
I #
| oy
= =

iii i.q.ii o, o ] "
S O .-:.-.-..:ﬂ:,, o
! 1:;1:;}.:*.? M’;;Fm; 3‘
]
l-“ﬂ' ‘Ec ."1
*.'t. .-H-r-.m-}-* S
A At

¢ u-u-

Ll

420010 K"" 0150025 — B 01211, 10—

Umit: mm

T 3004 Fairchild Semiconducion Corparation Page Sof & 101904
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W —— SURFACE MOUNT SILICON

FAIRCHILD PIN PHOTODIODE
SEMICONDUCTOR® QSB34
QSB34GR, QSB34ZR

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO

ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES MOT ASSLIME
ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIM,
NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RKGHTS, NMOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IM LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR
CORPORATION. As used herein:

1. Life =support dewices of sysiems are desices or sysiems 2. A crifical component in any component of a ife support

which, (a) are intended for sungical implant inko the body, or device or system whose failure to perform can be
(b} supgport or sustain Be, and (c} whose failure o perform reasonably expected 1o cause the failure of the life support
whean propery used in accordance with instuctions for use device or system, or to affect its salety or effectiveness.

provided in the labelng, can be reasonably expected to
result in a significant inpury of the wser.

1 3004 Fairchild Semiconducior Corparation Page Eof & 101904



F1

ANNEX F: DATASHEET OF ADS1115

i3 Texas
INSTRUMENTS

. . comi

ADS1113
ADS1114
ADS1115

ERAEAAA —MAY 2005 REVIEED ALGLUET 2005
— —

Ultra-Small, Low-Power, 16-Bit
Analog-to-Digital Converter with Internal Reference

Check for Samples: ADS1113 ADS1114 ADS1115

FEATURES

+ ULTRA-SMALL OFM PACKAGE:
2mm = 1.5mm = 0. 4mm

+ WIDE SUPPLY RANGE: 2.0V to 5.5V

»  LOW CURRENT CONSUMPTION:
Continuous Mode: Only 150pA
Single-Shot Mode: Auto Shut-Down

» PROGRAMMAELE DATA RATE:
B5SPS to BB0SPS

+ INTERNAL LOW-DRIFT
VOLTAGE REFERENCE

+» INTERNAL OSCILLATOR

+* INTERMAL PGA

« [|PC ™ INTERFACE: Pin-Selectable Addresses

» FOUR SINGLE-ENDED OR TWO
DIFFERENTIAL INPUTS (ADS1115)

* PROGRAMMAELE COMPARATOR
(ADS1114 and ADS1115)

« DPERATING TEMPERATURE: -40°C to +140°C

APPLICATIONS

« PORTABLE INSTRUMENTATION
« CONSUMER GOODS

+« BATTERY MONITORING

+ TEMPERATURE MEASUREMENT

« FACTORY AUTOMATION AND PROCESS
CONTROLS

A
ey =
Bmmit | f ro =0
e e
S04

DESCRIPTION

The ADS1113, ADS1114, and ADS1115 are
precision analog-to-digital converters (ADCs) with 16
bits of resolution offered in an ultra-small, leadless
OFN-10 package or an MS0OP-10 package. The
ADS11134'5 are designed with precision, power, and
ease of implementation im mind. The ADS11134/5
feature an onboard reference and oscillator. Data are
transferred via an |*C-compatible serial interface; four
FC slave addresses can be selected. The
ADS11134'5 operate from a single power supply
ranging from 2.0V to 5.3V.

The ADS1113/4/3 can perorm conversions at rates
up to 860 samples per second (SPS). An onboard
PGA is available on the ADS1114 and ADS11135 that
offers input ranges from the supply o as low as
+256m\Y, allowing both large and small signals to be
measured with high resolution. The ADS1115 also
features an input multiplexer (MUX) that provides two
differential or four single-ended inputs.

The ADS1113/4/5 operate either in confinuous
comversion mode or a single-shot mode that
automatically powers down after a conversion and
greatly reduces current consumption during idle
periods. The ADS1113//5 are specified from —40°C
to +125°C.

ADEi112 S o
“diage

i Please be awane that an Important notice concaming avallabdity, standand wasranty, and use in critical appications of Texas
Instruments semiconducion products and disciaimers thereio appears ai the end of this data sheet.

E2C Iz a rademark of NXP Semiconduciors.
&ll alher rademarks ans the property of their respective owners.

PRODUCTION DATA inlemabon i osrent as of publicabon dede

o o sor B fwrmu ol e Tasaa

min g domm e
nacEzasily ncies lssbng of ol perarsiers

Copyright @ 2008, Texas Instruments Inoonporaled



AD51113
AD51114
AD51115

SHAS4444 —MAY 2008-REVIEED AUGLIST 2008
—

F2

Texas
INSTRUMENTS

www.loom
E——

This Inbsgraied chcufl can be damaged by ESD. Texas Instrumenis recommends that all infegraled ciroulls be handled wiih

J‘ appropriaie precautions. Falure 0 obserss proper handing and insiallaion procedures can cause damage.

A

ESD damage can range fom sublie performance degradation io compiste device fallure. Precision inlegrated crcuits may be more

susceplibie bo damage because very small parameiric changes could cause the device nol to mest s published specifications

ORDERING INFORMATION

For the most current package and ordering information, see the Package Option Addendum at the emd of this

document, or see the Tl web site at www.ti.com.

ABSOLUTE MAXIMUM RATINGS "

ADG1113, ADS1114, ADS1115 UNIT
VDD 1o GMND =0.3 b +3.3 W
Analog Inpul current 100, momentary M
Analog input ourmsnk 10, conlinuous M
Analog Inpul voltage 1o GHD —0.3 bo VDD + 0.3 W
SDa, SCL ADDR. ALEAT/ADY vollage o GHD =0.5 o +3.3 W
Maximum punchion iemperatune +130 c
Operating mperature rangs —40 10 +1440 c
Slorage lemperabure rangs —80 o + 150 H

{1] Siresses above those listed under Absolule Maximum Aaiings may causs permanant damages o the devios. Exposure o absolule
manimum condiions for extended pariods may atiect davice relabillty.

PRODUCT FAMILY
PACKAGE INPUT CHANNELS

DESIGNATOR | RESOLUTION | MAXIMUM SAMPLE Ditferential
DEVICE MSOP/OFN [Bits) RATE [SPS] COMPARATOR |  PGA ingle-Ended)
ADS1113 BROFME 16 B&O Ia Mo 171
ADS1114 BRMIMEY 18 B0 b -] b -1 11
ADS111S BOG LML 18 B0 b -] b -1 24
ADSI013 BRMLME] 12 3300 Ka 1] 11
ADS1014 BROLME 12 3300 by -] s 11
ADSI0S ERFIHT 12 3300 by -H] Yes a4

ka3

Submit Documaniaion Fesdback

Ciopyrightt © 20069, Texas Insiruments. Inoorporaied

Product Folder Linkjs): ADST{{12 A0S 114 ADSTI1 15
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ADS1113
ADS1114
ADS1115

EEAEL4N —MAY 2005 REVIEED ALIGUST 2005
]

Texas
INSTRUMENTS

. . comi
—

ELECTRICAL CHARACTERISTICS
All specifications at —-40°C to +125°C, VDD = 3.3V, and Full-5cale (F5) = £2.048Y, unless otherwise noted.

Typical values are at +25°C.

ADS1113, ADS1114, ADS1143
PARAMETER TEST CONDITIONS MIN | TYP | MAX UNIT
ANALOG INPUT
Full-scale Input voitage Wig = [AING] — (AN, +4 090FPEA
Analog input wallage AlMp or Al 1o GND GHD VDD
Differantial input Impedanos Sea Table 2
FS = 20144y ! 10 [H
FS = #4000V ' =2 048N =] Al
Common-mode Input impedanos P ppy—— 2 a
F5 = #0512V, +0. 2500 100 KAl
SYSTEM PERFORMANCE
Azsoiutian Mo missing codes -] Bils
a. 16, 32
Data rate [DA) ::;:l Ifl_s_,; SP3
BED
Dala rale varabion &l data rates -10 10 e
Dutput niolse Sea Typical Characternstics
Integral nonlinearity DA = 85F5, F5 = £2 048V, best it = 1 L38
Offset srros FS = 2,048V, differenlial inpuls 21 £3 LS8
F3 = +2 048Y, singlie-anded Inputs 33 LE8
Oifsed drift FS = +2 048W 0.00% LEB"C
Ciiset power-supply rejsotion F3 = +2 048V 1 LS8
Gain errar 7 F3 = +2.048Y ai 23'C 001 0.5 L
FS = +0.258W 7 pom G
Gain drift FS = +2 048% | 40 pom T
FS m 0144y ! o ppmiC
Gain power-suppiy rejection =] PR
PEA gain maich : Match babwesn any bwo PEA gains 0,02 0.1 H
Gain maich Maich betwssen any two inpuis 005 0. r.
Cised maich Maich betwaen any two Inpuls 3 LS8
Al do and F3 = £0 2300 103 dB8
Al dc and FS = +2 048V 100 dB
Common-mode rejecion At do and FS = +8.144% =] dB
low = BOHEZ, DR = BSPS 103 dB
oy = 30HZ, DR = BESPS 103 dB8
DIGITAL INPUT/OUTPUT
Logic bewel
Vi omvoo 5.5
Wi GMND - 0.3 0L.IvDD
Vi Iy = 3 GHD 0.13 0.4
Input k=akage
lss Wi = 33V 1D HA
It Wi = GHD 10 HA

1] This parametsr expresses the full-scais range of the ADC scaling. In no event should more than VDD + 0.3V be applisd (o this devios

2] 95% of lull-scale

3 nciudes all errors from onboard PGA and rederence

Copyrightt O 2005, Texas Irstrumenis Inconporaied

Subvmt Documeniziion Faeaback
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ADS1113
ADS1114
ADS1115

SHAS4444 —MAY 2D08-REVISED ALMGLEST 2003
 —

Texas

INSTRUMEMTS

ELECTRICAL CHARACTERISTICS (continued)
Al specifications at 400G to +125°C, VDD = 3.3V, and Full-5cale (F5) = £2.048Y, unless otherwise noted.

Typecal values are at +25°C.

F4

www. HLooam
E——

ADG1113, ADS1114, ADSA1135
PARAMETER TEST CONDITIONS MIN | TfF | WNAX | UNIT
POWER-SUPPLY REQUIREMENTS
Power-supply vollage 2 o.o W
Pawar-down current at 23°C 0.3 2 HA
Pawer-down current up 1o 123'C 3 HA
Supply current -
Operating cument at 25°C 150 200 HA&
Operating oument up o 123°C 300 HA
WDD = 5.0V 0.3 m
Power dissipatian VDD = 3.3V 0.3 i
VDD = 2.0 03 m
TEMPERATURE
Slorage temperabure —B0 +130 G
Operating lemperature = ] +140 c
Spactiad lemparatura —40 +129 C
PIN CONFIGURATIONS
MUT PACKAQE
oy a3 PACKAGE
e (TR WIEW)
S oo 7] ] s
[ - (R o™ suemRErY st i4m sy [ 3 _— Il
wcf3] apsma |7 |wa als] gmiw []w
—_— B | marz
AH
PIN DESCRIPTIONS
DEVICE AMALDG
DaGITAL
INFUT
FIHF® | ADS1113 | ADB1114 AD31113 OUTPFUT DEECRIPTION
1 AD0R ADOR ADOR Digital Input FC slave address select
2 nc 1! ALEATRDY | ALEAT/ADY | Digital Cuipul | Digial compamaior cutpul or commension neady (MG for ADE1113)
3 GHL: GHD GNL: Anaog Ground
L AIND ARD AIND #naleg input | Diflerential crannel 1: Positve input or single-ended channel 1 input
3 AlKt AR AlKt Analcyg Imput | Ciflereniial channel 1: Negalive inpud or single-ended ohannel 2 inpul
o NG M AlNzZ #nalog input | Diflerential channel 2: Posithie input or single-ended channel 3 inpul (NG Tor ADS11134)
= i . NG Anakeg rput ::Jll-lgr;éﬁq-;cq.? Megalive Input or single-ended channed 4 inpul
B WD Voo Voo Analcgy Power supply: 2.0V io 3.5V
| a0A 504 S0A Diigital 10 Serial dala: Transmis and recehves data
10 BCL BCL BCL Diigital inpurd Serial clock input: Clocks data om S0

{1] HC pins may be lefl foabing or tied to ground

Submil Doocumaniadion Feedback

Copyright ©F 2005, Texas Instruments. Inconporaled
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TIMING REQUIREMENTS

BCL

—ad bm— Loy

X

EDA,

L.

Figure 1. FC Timing Diagram

Table 1. I’C Timing Definitions

FAST MODE HIGH-SPEED MODE
PARAMETER MIN MAX MIN MAX UNIT
SCL operaling frequanoy tocy 0.0 0.4 oo 3.4 MHz
f:r:dlrr.-::nllrr-e betamen START and STOP - 00 180 -
3 = —
Aftr tre it St chm o i bosra| 000 "
Repeated STAAT condibion sebup time byt a0d 160 ns
Slop condfion setup fime oo 6030 160 s
Data hold me ooar o 0 s
Dala setup tims IsunaT 100 10 ns
S0 diock low period Lo 1300 180 ns
S0 ciook high period by 60d o0 ns
Clock:daia fall irme 1 300 180 s
Clock/'data rise lima In 300 150 s
Copyright @ 2005, Texas instruments. Inconporaied Subwmt Dooumentation Feeaback =}
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TYPICAL CHARACTERISTICS
At Ta = +25°C and VDD = 3.3V, unless otherwise noked.

OPERATING CURRENT vs TEMPERATURE

300
250
WO = 3 ||
200 - _—=—
150 ﬁ-—"""ﬂ
— 1 VOO = 23Y
"] -
..-—-—"'"_.--"J._'DI.T-?U'
100
o0
o
-40 -20 0 I 40 60 &0 100 130 140
Temperaturs ("C)
Figure 2

SINGLE-ENDED OFFSET ERROR va TEMPERATURE '™
150

40 -20 © 20 &0 ©0 B0 $00 120 140
Temperatre [C)
Figure 4.
GAIN ERROR vs TEMPERATURE
0.0%
F5 = 02567
0.04 .
.-""":,---"
noa |- } " -‘_\H“

0.02 P - _.-f"'j:.r":..r-{'r‘\ '*q
A A P : N
3 _.r".’f_.-a"!"r.;_,r"/FE-:1.l:li‘fl-'u'. +3 [N i,

=T L e anasmaand™| Y
-0 =
——_ "ull
002
-0.03
004
&0 -2 0 N & e B0 100 13 140
Temperature ('C)
Figure E.

Srwtiown Cumerk ik

g el Volage ')

Saim Emar %)

SHUTDOWN CURRENT vs TEMPERATURE

a0
43
40
as
an . 1 .
23
2@ 1
. VDD = TV~
VDO = 3.3V
10
ﬁi-‘"—'_-______.'-"f
o == S
& :
-40 -20 0 20 &0 & BOD 100 130 140
Temperature ("C)
Figure 3.
DIFFERENTIAL OFFSET vs TEMPFERATURE
&
?:l a L]
VDD =B | |
40 '—-—._—-.._____-_‘
S
30
 —
- VDD = 4% T
VDO = 3Y
10
o
VDO = 2V
-0
-0
80 -2 0 20 &0 & BD 100 120 140
Tempemibure ("Cj
Figure 5.
GAIN ERROR ws SUPPLY
0.18
0.10
0.03
F5 = z230m\
o
F5 = 2045V
0.09
0.10
0.18
24 23 30 33 40 43 30 33
Supply Volage [
Figure T.

{1} This parameatsr expresses the full-scale rangs of the ADC scaling. In no event shoulkd more than VDD + 0.3 be applied 1o this devios.

Submil Documaniation Fesdback
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ADS1115
wranwil.com EBAC444A —MAY 005 REVIEED ALGUST 5008
TYPICAL CHARACTERISTICS [continued)
AL T, = +25°C and VDD = 3.3V, unless otharwise noted.
INL vs SUPPLY VOLTAGE™ IHL v= INPUT SIGHAL
L] 7]
FE = 22.048W
- I
; DR = BSFS
E i Best Fit +140°C
Z 40 £ = 2
; ¥ —40C
F5 = 2 1440 % P o S _
@ ) [ f}’f“\\ E o 1’ T _“"':1 = — - S
E }FE_ &3 M;}\ FE = =0.012, 20230V ; q"/ e :‘-E""-
E = : = -z Ll e ':‘h"‘*
=~ el
T 1o == == = ]
S P
o a0
20 23 30 33 40 43 LD 3.0 -20 -4 -0 -o3 0 B3 4@ 13 20
Eupply Woltage [V) Inpast Sigral [¥]
Figure B. Figure 2.
IHL v= INPUT SIGHAL IHL v= INPUT SIGHAL
L] -]
EE ru:i:;.rﬂ FS = =2 [4BY
= VOO = 3V
s % |oR-gsrs 5 % |oDR-sses
= Best Fil 140G 3 Besl FE
E = f_.._-—-—-—-_ﬂ___ —40°C E = L~ Ty = -40°C __
P R =
E = : - "'-.,_\! % - Ty = +140FC Ty = +29°C
© -an 4o
] -0
-0 -D3TI-0.230 0423 0 0423 0230 0378 08 20 -4 40 -o3% O 04 4@ 13 2O
Inpet Sigriad ] Inpet Wollage (V)
Figure 10. Figure 11.
IHL v= INPUT SIGHAL IHNL vs TEMPERATURE
e] 140 -
F8 = =032V DA = BEPS
VDO = 3 120 |
o 40 | DA - BEFS -
z Best PR Ty = +25°C Z ym
& = ; T &
! || Tamaoc nL i E - |
E =] = : e E - voo- 2-.“/
S Ty = +140°C I _.--—"'}_,!t
i P - e
—--_-_.-.
E . . .
VOO = 3.3V
-0 a .
01 -04 03 02 04 @ 04 02 03 04 08 60 -40 -30 0 30 40 &0 B0 100 130 140
Inpeat Woltage (W) Temperaiurs 1)

Figure 12.

Figure 13.

{2] This parameter expresses the full-scaie range of the ADC scaling. In no event should mors than VDD + 0.3V be applisd 1o this devics.

Ciopyright 12 2008, Texas instruments Inconporaied
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TYPICAL CHARACTERISTICS (continued)
At T, = +25*C and VDD = 3.3V, unless otharwise noted.
HOISE vs INPUT SIGHAL HOISE vs SUPPLY VOLTAGE
i2 35
oS FB = 22 04BY
10 3 E——
e
T g T 1 — = 2 —-
F ! DR = BOOEFS 3
¥ o 20
E : =t | DR =1285PS E 11
E 4 e 3 128EFS
DR = 5PE 10 —
z 5
a 8 ESPS
03 04 03 82 01 0 04 02 03 04 O3 IO 28 30 3% 4@ 43 80 53
input Volkage: (V) Supply Volage [V)
Figure 14, Figure 13,
MOISE vs TEMPERATURE GAIN ERROR HISTOGRAM
18] a0 133 Uinfy From x Peoducion Lot
FS = a2 DS — —
B - -
] §
s 7 E 20 1
e ° & 19 TH -
5 - 3
g 4 — 10 —H
i _— -
§ g _
2 8
FE = =2 048V
T | Data Fiste = BSPS 0 b= I_I_ -I =
a * * ;
40 -0 0 20 40 B0 B0 100 120 140 Eﬁaﬁggﬁﬁgﬁggﬁgﬂﬁggﬁﬁg
TEI'I"]’EIT.HIJI‘El:'C'- ql:li OO0 OO0 OD O 0D O0 0D
) Gain Error (%]
Figure 16. Figure 17.
OFFSET HISTOGRAM TOTAL ERROR ws INPUT SIGHAL
a
e 153 Links From a Inchades noiss, offs=d. and gain eron
yan | Production Lol 3 P "
FE = =2.048V E i
E 120 2 . |
5 too i 1 M““- -"'"H
! = B, S
] a
a0 E -1 ..-"‘""HH‘."'M..
‘E - L~ T~
F5 = 22 (MBY
=0 -3 Data Rale = BBOEFS
; . Difterential inputs
3 = x| 0 1 2 3 -2.048 RY: - a 1024 2048
Ofiset [LSEs) Inpul Signal (v}
Figure 18. Figure 10,

Submit Documaniation Feedback

Copyrightt O 2005, Texas instruments Incorporaled

Product Folder Link(s): ADST113 A0511 14 ADSTI15



F9

- ADS1113
B e

W 1. comi ERAELAS ~MAY 2005—-REVIEED ALUGUST 3008
—— — e ——

TYPICAL CHARACTERISTICS (continued)
AL T, = +25°C and YDD = 3.3V, unless otherwise nobted.

DATA RATE vs TEMPERATURE FREQUENCY RESPONSE
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Figure 20. Figure M.
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OVERVIEW

The ADS1113/4/5 are very small, low-power, 16-bit,
delta-sigma (AZ) analog-to-digital converiers (ADCs).
The ADS11134/5 are extremely easy fo configure
and design imto a wide variety of applications, and
allow precise measurements to be oblained with very
little effort. Both experienced and movice users of
data converters find designing with the ADS1113/4/5
family to be intuitive and problem-ires.

The ADS11134'5 consist of a AZ analog-to-digital
(AD) core with adjustable gain (excludes the
ADS1113), an internal voltage reference, a clock
oscillator, and an FC interface. An additional feature
available on the ADS1114/5 is a programmable digital
comparator that provides an alert on a dedicated pin.
All of these features are intended to reduce required
external circuitry and improve periormance. Figure 22
shows the ADS1115 functional block diagram.

The ADS1113/4/5 AD core measures a differential
gigmal, V,, that is the difference of AlNe and AlN,,. A
MUY is available on the ADS1113. This architecture
resulis im a wery strong atienuwation in  any
common-mode signals. The converer core consisis

of a differential, switched-capacitor AL modulator
followed by a digital filter. Input signals are compared
to the infernal voltage reference. The digital filter
receives a high-speed bitstream from the modulator
and outpufts a code proportional io the input voltage.

The ADS1113/4/5 have two available conversion
modes: single-shot mode and continuous conversion
mode. In single-shot mode, the ADC performs one
conversion of the input signal upon request and
stores the value to an imternal result regisier. The
device then enters a low-power shutdown mode. This
mode is intended to provide significant power savings
in systems that only require periodic conversions or
when there are long idle periods between
comversions. In continuous comversion mode, the
ADC automatically begins a conversion of the input
zignal as spon as the previous comversion is
completed. The rafe of continuouws conversion is
equal io the programmed data rate. Data can be read
at any time amd always reflect the most recent
completed conversion.

VDD
ADE1115 Camparar
woltage
ML Reterarie ALERT/RDY
P Gain = 23, 1,
‘“"':'{"_‘: e 2.4, 8, 0r 18 l
T ADDA
It 16-B8 AT fe
) ! 1
A1 o i PGA prill B - . [FscL
AR F sDA
MINZ Cr—ir Ty !
1 i,
1 T ] M
i Oscllator
A3 ”“=1-=:-——-:-'--c>:1
L]
GN

Figure 22. ADS1115 Functional Block Diagram
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QUICKSTART GUIDE

This section provides a brief example of ADS1113/4/5
communications. Refer to subseguent sections of this
data sheet for more detailed explanations. Hardware
for this design includes: one ADS11134/5 configured
with an FC address of 1001000; a microcontroller
with an PC interfface (Tl recommends the
MSP430F2002); discrete componenis such as
resistors, capacitors, and serial connectors; and a 2V
to 3V power supply. Figure 23 shows the basic
hardware configuration.

The ADS11134/5 communicate with the master
(microcontroller) through an I*C interface. The master
provides a clock signal on the SCL pin and data are
fransferred via the SDA pin. The ADS1113/4/5 never
drive the SCL pin. For information on programming
and debugging the microcontroller being used, refer
o the device-specific product data sheet.

The first byte sent by the master should be the
ADS11134/5 address followed by a bit that instructs
the ADS1113/4/5 to listen for a subsequent byte. The
second byte is the register pointer. Refer to Table 9
for a register map. The third and fourth bytes sent
from the master are written to the register indicated in
the second byte. Refer to Figure 30 and Figure 31 for
read and write operatiom timing diagrams,
respectively. All read and write transactions with the
ADS11134/5 must be preceded by a start condition
and followed by a stop condition.

For example, to write fo the configuration register to
set the ADS11134/5 to continuous conversion mode
and then read the conversion result, send the
following bytes in this order:

Write to Config register:

First byte: 0b10010000 (first 7-bit I°C address
followed by a low read/write bit)

Second byte: 0bD0OO0D01 (points to Config register)

Third byte: 0b10000100 (MSB of the Config register
o be written)

Fourth byte: 0010000011 {LSB of the Config register
o be written)

Write to Pointer register:

First byte: 0b10010000 (first 7-bit I°C address
followed by a low read'write bit)

Second byte: O0bO0O0DDO0D (poimts fo Conversion
regisier)
Read Conversion register:

First byte: 0b10010001 (first 7-bit I°C address
followed by a high readfwrite bit)

Second byte: the ADS1113/4/5 response with the
MSB of the Conversion register

Third byte: the ADS1113/4/5 response with the LSB
of the Conversion register

3.3
VOO
e s
33 =
GHD t I'C-Capabis Master
AIND - (MEPAIGFIOR
Akt J— 10k == 10N :‘1:- 233
AINZ JADISA 113 Oniy) T 8
SCL SCL (P18
AlN3 [ADSE1113 Oniy) -y | : 100nF
ALEAT
JADISA1 147 Ony)
ADS11134/5 JTAG |"': | Seral UAAT
—

Figure 23. Basic Hardware Configuration
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MULTIPLEXER If it is possible that the voltages on the input ping may

The ADS1115 conmtaims an input multiplexer, as
shown im Figure 24 | Either four single-ended or two
diffierential signals can be measured. Additionally,
AIND and AINT may be measured difierentially o
AIN3. The multiplexer is configured by three bits in
the Config register. When single-ended signals are
measured, the negative input of the ADC is internally
connected to GMND by a switch within the multiplexer.

II'IED ADE111S
I oo
& o
GND I AlM.
A1 ——e AlM,
oo o —
o 4
A ocno
AM2 (—————" O
I woo
G;I} ‘ o
AlME L - -
I _ L
o
GHD
GMD

Figure 24. ADS1115 MUX

The ADS1113 and ADS1114 do not have a
multiplexer. Either one differential or one
single-ended signal may be measured with these
devices. For single-ended measurements, connect
the AINT pim io GND. Woie that im subsequent
seclions of this data sheet, AlN, refers to AIND and
AlNy, refers to AIN1 for the ADS1113 and ADS1114.

When measuring single-ended inputs it is important io
note that the negative range of the output codes are
not used. These codes are for measuring negative
difierential signals such as (AN — AlM,) < 0. ESD
dicdes to VDD and GND profect the inpuis on all
three devices (ADS1113, ADS1114, and ADS1113).
To prevent the ESD diodes from tuming on, the
absolute voltage on any input must stay within the
following range:

GND - 0.3V < AlNx < VDD + 0.3V

violaie these conditions, exiernal Schottky clamp
diodes and'or series resistors may be required fo limit
the imput current fo safe values (see the Absolute
Maximum Ratings table).

Alzn, overdriving one unused input on the ADS1115
may afiect comversions faking place on ofher input
pins. If overdrive om unused inpuis is possible, again
it is recommended to clamp the signal with external
Schottky diodes.

ANALOG INPUTS

The ADS1113/4/5 use a switched-capacitor input
stage where capacitors are continuously charged and
then discharged to measure the wvoltage between
AlMg and AlMN,,. The capacitors used are small, and to
external circuitry the average loading appears
resistive. This structure is shown in Figure 26 . The
resistance is set by the capacitor values and the rate
at which they are switched. Figure 25 shows the
onvoff setting of the switches illustrated in Figure 26 .
During the sampling phase, S5, swilches are closed.
This event charges Cuy 0 AlNg, Gz to AlN,,, and Cg
to (AlMe — AlN,). During the discharge phase, 3, is
first openad and then 5; is closed. Both C,; and Cys
then discharge to approximately 0.7V and Cg
discharges to OV. Thiz charging draws a very small
fransient current from the source driving the
ADSINI4S analog imputs. The awerage value of
this current can be used fo calculate the effective

impedance (Fly) where Rey = Ve/laverace.

- Leapry e -
oM

g,
OFF

o
g; |
OFF

Figure 25. 5, and S, Switch Timing for Figure 26
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Figure 26. Simplified Analog Input Circuit

The common-mode input impedance is measured by
applying a common-mode signal io shorted AINe and
AlMy, inputs and measuring the average curreni
consumed by each pin. The common-mode input
impedance changes depending on the PGA gain
gefting, but is approximately 6GMG for the default PGA
gain setting. In Figure 26 |, the common-mode input
impedance is Zgy,.

The differential input impedance is measured by
applying a differeniial signal to AlM and AlNy inputs
where one input is held at 0.7V. The cumrent that
flows through the pim connected to 0.7V is the
diffieremtial current and scales with the PGA gain
gefting. In Figure 26 |, the differential inpui
impedance is Zyee. Table 2 describes the typical
diffieremtial input impedance.

Table 2. Differential Input Impedance

F5 (¥ DIFFERENTIAL INPUT IMPEDANCE
+. 144y 2l
. g 1 13801
=2 D4EY 4 880
21.024V 2480
20,512 710k
0. 258y T1oKD

1. This parameter expresses the full-scale range of
the ADC scaling. In mo event should more than
VDD + 0.3V be applied to this device.

The typical value of the input impedance cannot be
neglected. Unless the input source has a low
impedance, the ADS1113/4/5 input impedance may
affect the measurement accuracy. For sources with
high output impedance, buffering may be necessary.
Active buffers introduce noise, and also introduce
offset and gain errors. All of these factors should be
conzsiderad in high-accuracy applicafions.

Because the clock oscillator frequency drfts slightly
with temperature, the input impedances also drift. For
many applications, this input impedance drift can be
ignored, and the values given in Table 2 for typical
input impedance are valid.

FULL-SCALE INPUT

A programmable gain amplifier (PGA) is implemented
before the AZ core of the ADS1114/5. The PGA can
be =zet to gains of 273, 1, 2, 4, 8, and 16. Table 3
shows the comesponding full-scale (FS) ranges. The
PGA is configured by three bits in the Config register.
The ADS1113 has a fixed full-scale input range of
12 048Y. The PGA = 273 seiting allows input
measurement io extend up io the supply voltage
when VDD is larger than 4V. Noie though that in this
case (as well as for PGA = 1 and VDD < 4V), it is not
possible to reach a full-scale ouiput code on the
ADC. Analog input voltages may never excesd ihe
analog input woltage limits given in the Electrical
Characteristics table.

Table 3. PGA Gain Full-Scale Range

PGA SETTING F5 (V]
273 5 14y
1 +4 paoy''!

] +2 048N

4 +1.024Y

B +0. 512N

18 +0 20

1. This parameier expresses the full-scale range of
the ADC scaling. In mo event should more than
VDD = 0.3V be applied to this device.
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DATA FORMAT The ADS11134/5 digital fiter provides some

The ADS1113/4/5 provide 16 bils of data in binary
twos complement format. The positive full-scale input
produces an output code of TFFFh and the negative
full-scale inpui produces an output code of B000h
The output clips at these codes for signals that
exceed full-scale. Table 4 summarizes the ideal
output codes for diffierent input signals. Figure 27
shows code transitions versus input voltage.

Table 4. Input Signal versus Ideal Output Code

INPUT SIGHAL, ¥,
(AN, — AIN,) IDEAL QUTPUT CODE™
=FS (2" -1 FFFFh
+F52" Doo1h
o o
—Faet FFFFh
% -F5 BO00h

1. Excludes the effects of noise, INL, offset, and
gain ermors.

Dugdpid Cods

1]

Y nput vortage (AN - ANy
zi_4q gi¥_ 4
! FE !
" 2"

Figure Z7. ADS1113/4'6 Code Transition Diagram

ALIASING

As with any data converier, if the input signal
contains frequencies greater than half the data rafe,
aliasimg occurs. To prevent aliasing, the input signal
must be bandlimiied. Some signals are inherently
bandlimited. For example, the owput of a
thermocouple, which has a limited rate of change.
Mevertheless, they can contain noise and interference
components. These components can fold back into
the sampling band in the same way as with any other
signal.

aftenuation of high-frequency noise, but the digital
Sinc filker frequency response cannot completely
replace an anti-aliasing filter. For a few applications,
some exiernal fitering may be needed; in such
instances, a simple RC filker is adequate.

When designing an input filter circuit, be sure to fake
into account the interaction between the filter network
and the input impedance of the ADS1113/4/5.

OPERATING MODES

The ADS11134/5 operate in one of two modes:
continuous conversion or single-shot. Im confinuous
conversion mode, the ADS11134/5 continuously
perform conversions. Once a conversion has been
completed, the ADS1113/4/5 place the result in the
Conversion register and immediately begins another
comversion. In single-shot mode, the ADS11134/5
wait until the OS5 bit is set high. Once asseried, the bit
is set to '0F, indicating that a conversion is currently in
progress. Once conversion data are ready, the O3 bit
reasserts and the device powers dowmn. Writing a "1
to the OS5 bit during a conversion has no efiect.

RESET AND POWER-UP

When the ADS1113/4/%5 powers up, a reset is
performed. As part of the reset process, the
ADS11134/5 set all of the bits in the Config register
to the respective default settings.

The ADS1113/4/5 respond to the C general call
reset command. When the ADS1113/4/5 receive a
general call resef, an imternal reset is perormed as i
the device had been powered on.

DUTY CYCLING FOR LOW POWER

For many applications, the improved periormance at
low daia rates may mol be reguired. For these
applications, the ADS1113'4/5 support dufy cycling
that can vield significant power savings by
periodically requesting high data rate readings at an
effectively lower data rate. For example, an
ADS11134'5 in power-down mode with a data rate
zet to BEOSPS could be operated by a microcontroller
that imstructs a single-shot comversion every 125ms
(BSPS). Because a conversion at 860SPS only
requires about 1.2ms, the ADS11134/5 enter
power-down mode for the remaining 123.8ms. In this
configuration, the ADS11134/5 consume about
17100th the power of the ADS11134/5 operated in
continuous comnversion mode. The rate of duty cycling
is completely arbitrary and is defined by the masier
controller. The ADS11134/5 offer lower dafa rates
that do not implement duty cycling and offer improved
noise performance if it is needed.
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COMPARATOR (ADS111415 ONLY)

The ADS11145 are each equipped with a
customizable comparator that can issue an alert on
the ALERT/RDY pin. This feature can significantly
reduce external circuitry for many applications. The
comparator can be implemented as either a
fraditional comparator or a window comparaior via the
COMP_MODE bit in the Config register. When
implemented as a fraditional comparator, the
ALERT/RDY pin asserts {active low by default) when
comversion data exceed the limit sef in ihe high
threshold register. The comparator then deasseris
when the input signal falls below the low threshiold
regisier walue. In window comparator mode, the
ALERT/RDY pin assers if conversion dala exceed
the high threshold regisier or fall below the low
threshold register.

In either window or traditional comparator mode, the
comparator can be configured to latch once asserted
by the COMP_LAT bit in the Config register. This
gefting causes the assertion to remain even if the
input signal is not beyond the bounds of the threshiold
regisiers. This latched assertion can be cleared by
igsuing an SMBus alert response or by reading the
Conversion register. The COMP_POL bit in the
Config register configures the ALERT/BDY pin as
active high or active low. Operational diagrams for
the comparaior modes are shown in Figure 28 and
Figure 29 .

The comparator can be configured to activate the
ALERT/RDY pin after a set number of successive
readings exceed the threshold. The comparator can
be configured to wait for one, two, or four readings
beyond the fthreshold before aclivating the
ALERT/RDY pin by chamging the COMP_QUE bits in
the Config register. The COMP_QUE bits cam also
dizable the comparator function.

CONVERSION READY PIN (ADS1114/5 ONLY)

The ALERT/RDY pin can alzo be configured as a
comversion ready pin. This mode of operation can be
realized if the MSE of the high threshold register is
gel io "1" and the MSE of the low threshold register is
gel to ', The COMP_POL bit continues io function
and the COMP _QUE bits can disable the pin;
however, the COMP_MODE and COMP_LAT bits no
longer control any function. When configured as a
comversion ready pin, ALERT/RDY continues to
require a pull-up resistor. When in continuous
comversion mode, the ADS1113/4/5 provide a brief
(~Bus) pulse on the ALERT/RDY pin at the end of
each conversion. When in single-shot shutdown
mode, the ALERT/RDY pin asseris low ai the end of
a conversion if the COMP_POL bit is sei io 7.

ADS1113
ADS1114
ADS1115

Figure 28. Alert Pin Timing Diagram When
Configured as a Traditional Comparator

Lutching Surcanshd Succeanful
Comparm o M8 Aleri B Al —
Dot Emucoras Fanporas

Tima

Heon-Labching
Comparmior
Tarigut

Tima

Figure 29. Alert Pin Timing Diagram When
Configured as a Window Comparator
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SMBus ALERT RESPONSE

When configured in latching mode (COMP_LAT ="1°
in the Config register), the ALERT/RDY pin can be
implemented with an SMBus aleri. The pin asserts i
the comparator detects a conversion that exceeds an
upper or kower threshold. This interrupt is latched and
can be cleared only by reading conversion data, or by
issuing a successful SMBus alet response and
reading the asserting device FC address. If
conversion data exceed the upper or lower thresholds
after being cleared, the pin reasserts. This assertion
doss not afiect conversions that are already in
progress. The ALERT/RDY pin, as with the SDA pin,
is am open-drain pin. This architecture allows several
devices to share the same interface bus. When
disabled, the pin holds a high stale =o that it does not
interfere with other devices on the same bus line.

When the master senses that the ALERT/RDY pin
has laiched, it issues am SMBus alert command
{DD011001) to the PFC bus. Any ADS1114/5 data
converters on the PC bus with the ALERT/RDY pins
asserted respond to the command with the slave
address. In the event that two or more ADS1114/5
data converiers present on the bus assert the latched
ALERT/ROY pin, arbitration during the address
response portion of the SMBus alert decides which
device clears its assertion. The device with the lowest
I*C address always wins arbitration. If a device loses
arbitration, it does not clear the comparator ouiput pin
assertion. The master then repeats the SMBus alert
regponse uniil all devices hawe had the respective
assertions cleared. In window comparator mode, the
SMBus alert status bit indicates a "1” if signals exceed
the high threshold and a 0 if signals exceed the low
threshold.

C INTERFACE

The ADS11134/5 communicate through an EC
interface. I°C is a two-wire open-drain interface that
supporis multiple devices and masters on a single
bus. Devices on the I*C bus only drive the bus lines
low by connecting them to ground; they never drive
the bus lines high. Instead, the bus wires are pulled
high by pull-up resisiors, so the bus wires are high
when mo device is driving them low. This way, two
devices cannot conflict; if two devices drive the bus
simultaneously, there is no driver contention.

Communication on the FC bus always takes place
between two devices, one acting as the master and
the other as the slave. Both masters and slaves can
read amd wriie, but slaves can only do so under ihe
direction of the master. Some I°C devices can act as
masters or slaves, but the ADS1113/4/5 can only act
as slave devices.

An FC bus consists of two lines, SDA and SCL. SDA
carries dafa; SCL provides the clock. Al data are
transmitted across the I°C bus in groups of eight bits.
To send a bit on the I5C bus, the SDA line is driven fo
the appropriate level while SCL is low (a low on SDA
indicates the bit is zero; a high indicales the bit is
ong). Once the SDA line seffles, the SCL line is
brought high, then low. This pulse on SCL clocks the
SDA bit into the receiver shift register. If the FC bus
is held idle for more than 25ms, the bus fimes out.

The FC bus is bidirectional: the SDA line is used for
both fransmifting and receiving data. When the
master reads from a slave, the slave drives the data
line; when the master sends to a slave, the master
drives the data line. The master always drives the
clock line. The ADS111345 newver drive SCL,
because they cannol act as a master. On the
ADS11134/5, SCL is an input only.

Most of the time the bus is idle; no communication
occurs, and both lines are high. When communication
is taking place, the bus is active. Only master devices
can start a communication and initiate a START
condition on the bus. Mormally, the data line is only
allowed fo change state while the clock line is low. I
the data line changes stale while the clock line is
high, it is either a START condition or a STOP
condition. A START condition occurs when the clock
line i= high and the data line goes from high to low. A
STOP condition occurs when the clock line is high
and the dafa line goes from low to high.

After the master issues a START condition, it sends a
byte that indicaies which slave device it wanis to
communicate with. This byte is called the address
byte. Each device om an I°C bus has a unigue 7-bit
address to which it responds. The masier sends an
address in the address byte, together with a bit that
indicates whether it wishes to read from or write to
the slave device.

Every byte transmitted on the °C bus. whether it is
address or data, is acknowledged with an
acknowledge bit. When the master has finished
gsending a byte [eight data bils) io a slave, it stops
driving SDA and waits for the slave to acknowledge
the byte. The slave acknowledges the byte by pulling
SDA low. The master then sends a clock pulse to
clock the acknowledge bit. Similarly, when the master
has finished reading a byte, it pulls SDA low fo
ackmowledge this to the slave. It then sends a clock
pulse to clock the bit. (The master always drives the
clock line.)

A nof- iz performed by simply leaving
SDA high during an acknowledge cycle. If a device is
not present on the bus, and the master attempts to
address it, it receives a not-acknowledge because no
device is present at that address to pull the line low.
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When the master has finished communicating with a
glave, it may issue a STOP condition. When a STOP
condition is issued, the bus becomes idle again. The
master may also issue another START condition.
When a START condition is issued while the bus is
aclive, it is called a repeated START condition.

See the Timing Reguirements section for a timing
diagram showing the ADS1113/4/5 FC transaction.

FC ADDRESS SELECTION

The ADS1113/4/5 have one address pin, ADDR, that
sets the I°C address. This pin can be connected to
ground, VDD, SDA, or SCL, allowing four addresses
to be selected with one pin as shown in Table 5 .
The state of the address pim ADDR is sampled
continuously.

Table 5. ADDR Pin Connection and

Corresponding Slave Address
ADDR PIN SLAYE ADDRESS
Ground 100 D00
wDooD 1004001
SDa 1001040
SCL 100041
FC GENERAL CALL

The ADS1113/4/5 respond to the I*C general call
address (000000 if the eighth bit is '0°. The devices
acknowledge the general call address and respond to
commands in the second byte. If the second byte is
00000110 (06h), the ADS1113/45 reset the intemal
regisiers and enter power-down mode.

I*C SPEED MODES

The PPFC bus operates at one of three speeds.
Siandard mode allows a clock frequency of up to
100kHz; fast mode permits a clock frequency of up to
400kHz; and high-speed mode (also called Hs mode)
allows a clock frequency of up o 3.4MHz. The
ADSINI4S are fully compatible with all three
modes.

Mo special action is required to use the ADS1113/4/5
in standard or fast mode, but high-speed mode must
be activated. To activaie high-speed mode, send a
gpecial address byte of 0000Txxx following the
START condition, where xxx are bifs unigue to the
Hs-capable master. This byte is called the Hs master
code. (Note that this is different from normal address
byies; the eighth bit does not indicate readwrite
status.) The ADS1113/4/5 do not acknowledge this

byte; the I°C specification prohibits acknowledgment
of the Hs master code. Upon receiving a master
code, the ADS11134/5 switch on Hzs mode filters,
and communicate at up to 3.4MHz. The ADS1113/4/5
switch out of Hs mode with the next STOP condition.

For more information on high-speed mode, comsult
the I°C specification.

SLAVE MODE OPERATIONS

The ADS1113/4/5 can act as either slave receivers or
sglave ftramsmitters. As a slave device, fthe
ADS11134/5 canmot drive the SCL line.

Receive Mode:

In slave receive mode the first byte transmitted from
the master to the slave is the address with the R'W
bit low. This byte allows the slave o be written to.
The next byte transmitted by the master is the
regisier pointer byle. The ADS1113/4/5 then
acknowledge receipt of the register pointer byte. The
next two bytes are written to the address given by the
regisier pointer. The ADS1113/4/5 acknowledge each
byie sent. Register byles are sent with ihe most
significant byte first, followed by the least significant
byie.

Transmit Mode:

In slave transmit mode, the first byle transmitted by
the masier is the 7-bit slave address followed by the
high R'W bit. This byte places the slave into transmit
mede and indicates that the ADS1113/4/5 are being
read from. The next byte transmitted by the slave is
the most significant byte of the register that is
indicated by the register pointer. This byte is followed
by an acknowledgment from the masier. The
remaining least significant byte is then seni by the
glave and is followed by an acknowledgment from the
master. The masier may terminate fransmission after
amy byte by mot acknowledging or issuing a START or
STOP condition.

WRITING/READING THE REGISTERS

To access a specific register from the ADS1113/4/5,
the master must first write an appropriate value fo the
Pointer register. The Pointer register is writien directly
after the slave address byte, low R'W bit, and a
successful slave ackmowledgment. After the Pointer
regisier is written, the slave acknowledges and the
master issues a STOP or a repealed START
condition.

Copyright 9 2005, Texas Instruments Incorporaied
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When reading from the ADS1113/4/5, the previous
value written fo the Pointer register determines the
regisier that is read from. To change which register is
read, a new value must be written to the Pointer
regisier. To write a new value to the Poinfer regisier,
the master issues a slave address byte with the R'W
bit low, followed by ihe Pointer regisier byte. No
additional data need to be transmitied, and a STOP
condition can be issued by the masier. The masier
may now issue a START condition and send the
slave address byte with the R/W bit high to begin the
read. Table 10 details this sequence. If repeated
reads from the same register are desired, there is no
need to continually semd Pointer register byles,
because the ADS11134/5 store the value of the
Pointer register until it = modified by a wrie
operafion. However, every write operation reguires
the Pointer register to be written.

REGISTERS

The ADS111345 hawve four regisiters that are
accessible via the °C port. The Conversion register
contaims the result of the last conversion. The Config
regisier allows the user to change the ADS11134/5
operating modes and query the status of the devices.
Two registers, Lo thresh and Hi_thresh, set the
threshold values used for the comparator funcion.

POINTER REGISTER

The four registers are accessed by writing fo the
Pointer register byte; see Figure 30 . Table 6 and
Table 7 indicate the Pointer register byte map.

Table 6. Register Address

BIT 1 BITD REGISTER
o o Conwversion rsgistes
o 1 Conhg register
1 o Lo _fthresh regisiar
i i HI_lhwesh regisier
CONVERSION REGISTER

The 16-bit regisier confains the result of the last
comversion in binary ftwos complement format.
Following reset or power-up, the Conversion register
is cleared to '0°, and remains 0" until the first
comversion is completed.

The register format is shown in Table & .

CONFIG REGISTER

The 16-bit regisier can be used to control the
ADSIN1F4S operafing mode, input selection, data
rate, PGA settings, and comparator modes. The
register format is shown in Table 9 .

Table 7. Pointer Register Byte (Write-Only)

BITT BITE BITS BIT 4 BIT3 BIT2 BIT1 | BITD
o o o o o o Aegisier address
Table 8. Conversion Register (Read-Only)
BIT 13 14 13 12 11 10 B B T a 5 4 a 2 | o
HAME Dis | D14 | iz | 12 | D11 | Do Ca oe o7 Do (1] D4 Da oz o1 oo
Table 9. Config Register (Read Write)
BIT 13 14 13 12 11 10 ] B
HAME oS MALIN2 BALIX MLUD FEAZ PEAT PEAD MODE
BIT 7 8 5 4 3 2 | o
HAME DA2 DR DARD COMP MODE | COMP POL | COMP LAT | COMP QUE! COMP QUED
Default = 8583h.
Bit [15] (5: Operational siatus/single-shot conversion siari

Thiis bit dedermines tha operational stalus of the dewvice.
Thits bit can only b writlen whan in poses-gown mode.

For a wrile status
0 - Ko affect

1 - Bagin a single corversian pwhien in power-ciawn modis)
For a nsad siatus
0 - Device ks currantly periorming a oonvension

i : Device ks nol cunenily perfoeming a conversian
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Bits [14:42] MUE[2:0]: Input multiplexer configuration (ADS1115 only)

Thasa bits conligure the input mutiplexer. They serve no functicn an the A0S 11304,
000 - AlMg = AIME and AlM, = AIM1 {default) 100 : Al = AINO and AN, = GND
004 - AlMg = AIMND and AlM, = AN 104 @ AlMG = AIN1 and AN, = GND
010 - AlMg = AlMT and AlMy, = AIMN3 110 AlMg = AINZ and AN, = GND
011 - AlMg = AIME and AlMy = AN 111 @ AlNg = AIN3 and ANy, = GND

Bits [11:8] PGA[2:0): Programmable gain amplifier configuration (AD51114 and ADS1115 only)
Thasa bits configure he programmable gain ampiifier. They serve no function on the ADS4113.
000 - F5 = £0. 144w 1 100 : FS = £0 312V
o0 - F5 = 4.088w 1 101 : FS = +0 250V
010 - F5 = £2 048V |default) 110 FS = +0 250V
011 - F5 = 21024V 111 : FS = £0.250V

Bit [&] MODE: Device operating mode

This bit contrals the current operafional mode of e ADST113/40.
0 : ConSnuous corrsension maods
1 - Power-down single-shat mode (detaul)

Bits [7-5] DR[2-0]: Data rate
Thase bits cominol the data rals selting.
Doo - 8SPS 100 : 1285P5 jdedaul)
oo - 185PS 101 : 2305PS
010 - AZ5PE 110 4THEPS
011 - 845PS 111 : BBOSPS
Bit [4] COMP_MODE: Comparator mode (ADS1114 and ADS1115 only)

Thiss bit controls the comparaior mode of operafion. It changss whether the comparator ks implemenied as a
traditicnal comparator (COMP_MODE = 07 or as a window comparalor (COMP_MODE = '17). It serves no
funolion on the ADS1113.

D - Tradilicnal comparator wilh hysiaresis [dafull

1 - Window comparaior

Bit [3] COMP_POL: Comparator polarity (ADS1114 and ADS1115 anly)

This bit contrals the polanty of the ALERT/ADY pin. When COMP_POL = '0F the comparaior oufput Is active
low. When COMP_POL="' the ALERT/RDY pin Is active high. | senves no funclion on the ADS1113.

D - Active low [delaull)

1 - Active high

Bit [2] COMP_LAT: Laiching comparator [ADS1114 and ADS1115 only)

This bit conirols whether the ALERT/ADY pin laiches once asseried or clears onos conversions are within the
margin of the upper and lower threshoid values. When COMP_LAT = 1, the ALERT/RDY pin does nod laboh
whan asserad. ¥When COMP_LAT = '1", the asserted ALERT/RDY pin remains labched untll conversicn data
are read by the master or an appropriate SMBus alert responss | sent by the master, the deice responds with
lis address. and it is the lowest address ounrently asserting the ALERT/ADY bus Bne. This bl serves no
funclian on the ADS1113.
0 - Nan-labching comparabor [dedau)
1 - Laiching comparaior

Bits [1:0] COMP_QUE: Comparator queue and disable (ADS1114 and ADS1115 only)

Thase bits perlorm o funchions. Whan st fo 117, hey disable the comparator Tunction and pul the
ALEAT/ADY pin inlo a high stabe. Whan st io ary other valwe, Tey conirol e numiber al successive
conversions axcesding e upper or lpwes threshoids requined bedore assesting the ALERT/ADY pin. They
s&rga o function on the ADS1113.

00 : Assart afler ore conwersion

01 : Assart after o conwarsions

10 : Assert after lowur cormeersions

11 : Disabils comparator (delaul)

{1} This parameter expresses the full-scale range of the ADC scaling. in no event should mons than VDD + 0.3V be applied o this devios.
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Lo_thresh AND Hi_thresh REGISTERS

The upper and lower threshold values used by the
comparator are stored in two 16-bit registers. These
regisiers store walues in the same format that the
output register displays values; that is, they are
stored in twos complement format Because it is
implemented as a digital comparator, special
aitention should be ftakem fo readjust wvalues
whenever PGA setlings are changed.

A secondary conversion ready function of the
comparator output pin can be realized by setting the
Hi_thresh register MSB fo 1" and the Lo_thresh
regisier MSB to 0°. However, in all other cases, the
Hi_thresh register must be larger than the Lo_thresh
regisier. The threshold register formats are shown in
Table 10 . When sei to RDY mode, the ALERT/RDY
pin outputs the OS5 bit when in single-shot mode and
pulses when in continuous conversion mode.

Table 10. Lo_thresh and Hi_thresh Registers

REGIETER Lo_thresh [Read'Wriie)
BIT 1% 14 i3 iz i i -] -]
HAME Lo_Twashid Lo _Twashid Lo_Trashi3 Lo _Treshi2 Lo Twashii Lo Twashil Lo_Wwreshd Lo_TwreshB
BIT T ] ] 4 3 F ] 5]
HAME Lo Swesh? Lo Fweshi Lo Freshd Lo Fweshd Lo Fweshd Lo Fweshd Lo Sweshi Lo Fweshi
REGIETER HI_thresh [Read Wriis)
BIT 1% 14 i3 iz i i -] -]
HAME H _threshils H_threshild H theshil3 H_theshil2 H_threshili H_threshio H_Threshd H_hreshE
BIT T ] ] 4 3 F ] 5]
MHAME H threshT H hreshd H hreshl H threshdd H threshd H thresh2 H threshi H hmeshi
Lo_thresh default = BO00A.
Hi_thresh default = TFFFh.
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o\ /NN N s N

Start By ALK, By ACKBy  Siop By
asner ADE11134%5 ADE11134%5 Master
|-| Frame 1 T Wire Slave Address Byte -|— Frame 2 Poinier Regisier Byie -|
1 -] 1 -]

SCL L
Cortinued)

wZ\ N\ N\LLOAOBEGEHOE -

Start By ACK By ACK By

P ADEA 1134/ AL 1345 sazior®
|..._ Frame 3 Two.Wine Slave Address. Byie _...l.._ Frame 4 Data Byte 1 Aead =ug:4er—..-|
1 B

SCL
Cortinued)

- wﬁ

ACKBy Stop By
ADS111345 Mt Masser

|.._ Frame 3 Data Eyie 2 Read Register _..I

(1] The waluss of A3 and A1 are debsrmined by the ADDR pin.
{Z] Masier can kmave S04 high o ferminabe a single-byte read operabion.
{3] Masier can keave S04 high o ferminabe a bwo-tryie read operation.

Figure 30. Two-Wire Timing Diagram for Read Word Format
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Slarl By CH By
Masier .ﬂ.I]E.111345 ADE111345
|-7 Frame 1 Two-\Wire Glave Address Byis I Frame 2 Poimer Register Byle —-l
i ] ]

BCL
(Confnusd)

- @@@@@@@ﬁ veeeee@a

ACH, By Siop: By
ADE11134% ms1113¢5 Master

|.-.— Frame 3 Data Byte 1 I Frame 4 Data Err1524-|

{1] The wvalues of AQ and A1 are determined by the ADDR pin.

Figure 31. Two-Wire Timing Diagram for Write Word Format

ALEAT |

SO

Start By ACH By From MACK By Siop By
M astar ADE111345 ADE1113/4/5  Masier  Wasier

e Frame 1 EMBus ALERT Responss Address Byle —..-|-..— Frame 2 Slave Address From ADS1113 —..-|

(1] The wvaluss of AJ and A1 anre debsrmined by the ADDR pin.

Figure 32. Timing Diagram for SMBus ALERT Response
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APPLICATION INFORMATION

The following sections give example circuits and
suggestions for using the ADS1113/4/5 in various
situations.

BASIC CONMNECTIONS

For many applications, connecting the ADS1113/4/5
is simple. A basic connection diagram for the
ADS1115 is shown in Figure 33 .

The fully differential woltage input of the ADS1113/4/5
is ideal for connection fo differential sources with
moderately low source impedance, such as
thermocouples and  thermistors.  Although  the
ADS11134'5 can read bipolar differential signals,
they cannot accept negative voltages on either input.
It may be helpful to think of the ADS1113/4/5 positive
voltage input as noninverfing, and of the negative
input as inverting.

When the ADS1113/4/5 are convertimg data, they
draw current im short spikes. The 0.1pF bypass
capacitor supplies the momentary bursis of extra
current needed from the supply.

The ADS1113/4/5 interface directly to standard mode,
fast mode, and high-speed mode FC controllers. Any
microcontroller I°C peripheral, including master-only
and non-multiple-master I°C peripherals, can operate
with the ADS11134/5. The ADS11134/5 do not
perform clock-streiching (that is, they mever pull the
clock line low), s0 it is not necessary fo provide for
this function unless other clock-siretching devices are
on the same FC bus.

Pull-up resistors are reguired on both the SDA and
SCL lines because IFC bus drivers are open-drain.
The size of these resistors depenmds on the bus
operafing speed and capacitance of the bus lines.
Higher-value resistors consume less power, but
increase the transition times on the bus, limiting the
bus speed. Lower-value resistors allow higher speed
at the expense of higher power consumption. Long
bus lines have higher capacitance amd require
smaller pull-up resistors fo compensate. The resistors
should not be ioo small; if they are, the bus drivers
may not be able to pull the bus lines low.

Pull-Lip Resisiors
{2 i 106 (Byp)

Microcomimoler :r\}rh\—.

CrOprOCESsOr L
L] == =
with I'C Pori = ==

SCL

-ll.A.H:I AINZ | 8

ADE1115 | 1|3| oo
SCL

1 ]m:nn DA
2 ]AEHT-‘H.D-‘\' 'u'D-I} B
3 ]Em::- AII'-I!: Th— 0. 1uF (Rl

AlM1

]

S04

GFID

|

LIL LI

oo o
Inpuls Seleciad

from Configuration
Regisier

Figure 33. Typical Connections of the ADS1115
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CONNECTING MULTIPLE DEVICES

Connecting multiple ADS1113/4/53s to a single bus is
simple. Using the address pin, the ADS1113/4/5 can
be zet to one of four different FC addresses. An
example showing three ADS1113/4/5 devices is given
in Figure 35 . Up to four ADS11134/5s (using
differemt address pin configurations) cam be
connected to a single bus.

Mote that only one set of pull-up resistors is nesded
per bus. The pull-up resistor values may need to be
lowered slightly to compensate for the additional bus
capacitance presemted by multiple devices and
increased line length.

The TMP421 and DACB5T4 devices detect the
respective FC bus addresses based on the states of
pins. In the example, the TMP421 has the address
0010, and the DACBS74 has the address
1001100, Consult the DACBS74 and TMP421 data
sheeis, available at www ti.com, for further defails.

USING GPIO PORTS FOR COMMUNICATION

Most microconirollers have programmable
input’output (1°0) pins that can be set in software to
act as inputs or outputs. If an I°C controller is not
available, the ADS11134'5 can be connecied io
GPIO pins and the I°C bus protocol simulated, or
bit-banged, in software. An example of this
configuration for a single ADS11134/5 is shown in
Figure 34 .

Bit-banging FC with GPIO pins can be done by
seftting the GPIO line to ' and toggling it between
input and output modes to apply the proper bus

states. To drive the line low, the pin is set to output
'0"; to let the line go high, the pin is set to imput. When
the pim is set o input, the state of the pin can be
read; if amother device is pulling the line low, this
configuration reads as a "0 in the port input register.

Mote that no pull-up resistor is shown on the SCL
line. Im this simple case, the resistor is not neesded;
the microconiroller cam simply leave the line on
output, and sef it o "1" or "0’ a8 appropriate. This
action is possible because the ADS1113/4/5 mever
drive the clock line low. This technique can also be
used with multiple devices, and has the advantage of
loweer current consumption as a result of the absence
of a resistive pull-up.

If there are any devices on the bus that may drive the
clock lines low, this method should not be used; the
SCL line should be high-Z or 0" and a pull-up resisior
provided as usual.

Some microcontrollers have seleciable strong pull-up
circuits built in to the GPIO ports. In some cases,
these circuits can be switched on and used in place
of an external pull-up resistor. Weak pull-ups are also
provided on some microcontrollers, but usually these
are too weak for FC communication. i there is any
doubt about the matter, test the circuit before
committing it to production.

Voo

Microconinoler of

WiCroprooessor
Wi GPIO Forts

GPID_1

-2
:li
GFI0_0 :I—.—
]
]

| ——

ADS1115 | i |

SCL

1| aon sou [ 8|
2_ ALEATROY Voo ?
3_ GND! AlN3 _i"
4_ AJND AlNZ T
[ A1 o

-]

MOTE: ADS1113473 power and Inpul connections cmitted for diarity.

Figure 34. Using GPIO with a Single ADS1115
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IIJD:: EE_ Ju::- uzk | ®
%un'n:- -.tuE ﬂr..-... _.,:E
J. &N IME Jh'«: i.ut
u:- .
I —
aoEnTd % EI-' v [3]
o [ B — --':1\$|'_:"'” :
_Ii_._ E — . ;
Ee= =
Ao 5.;_ E . . _,
;Jﬁ' AC i% E = g :_
3 | O A | T I: Vo SO _=_
jlﬂ: IME |'_| o] e ']

s
B MOTE: ADS11134/3 power and Inpul connections omitted for

clanty. ADDR, A3, AZ, A1, and AQ salect tha FC addresses.
MOTE: ADS1113453 poser and Input connections omitted for

clarity. The ADDRA pin selects the FC address. Figure 36. Connecting Multiple Device Types
Figure 35. Connecting Multiple ADS1113/4/5s
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SINGLE-ENDED INPUTS The ADS1115 input range is bipolar differential with

Althiough the ADS1115 has two differential inputs, the
device can easily measure four single-ended signals.
Figure 37 shows a single-ended conmection scheme.
The ADS1115 is configured for single-ended
measurement by configuring the MUX fo measure
each channel with respect to ground. Data are then
read out of one input based on the selection on the
configuration regisier. The single-ended signal can
range from OV to supply. The ADS1115 loses no
linearity amywhere within the input range. Negative
voltages cannot be applied to this circuit because the
ADS1115 can only accept positive voltages.

respect to the referemce. The single-ended circuit
shown in Figure 37 covers only half the ADS1115
input scale because it does not produce difierentially
negative inpuis; therefore, one bit of resolution is lost.

VDD
1
L Ortput Ciodes
ADEA115 | i 0-3z2me7
SCL
1 |ADDH E-II-'-'.l 8 4
2 |AI_=F|T=:3"|' WD | 8
3 | GND ARME | T — 0.1F iy
4 | AMD AN | o
BIMNA
| 3
(1 || Inpuls Selected
} from Configuration
————— Fegisher
:l ]

HOTE: Digital and address pin cormeolions omitied for clarity.

Figure 37. Measuring Single-Ended Inputs
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LOW-SIDE CURRENT MONITOR

Figure 38 shows a circuit for a low-side shunt-type
current monitor. The circuit monitors the woltage
across a shunt resistor, which is sized as small as
possible while giving a measurable cutput voliage.
Thizs voltage is amplified by an OPA335 low-drift op
amp, and the result is read by the ADS111475.

It is suggesied that the ADS1114/5 be operated at a
gain of 8. The gain of the OPA335 can then be set
lower. For a gain of 16, the op amp should be set up
to give a maximum output voltage mo greater than
0.256V. If the shunt resistor is sized io provide a
maximum woltage drop of 30mY at full-scale current,
thie full-scale input to the ADS1114/5 is 0.2V.

20V I
i
L 0.1uF Hp
L
F& = 02¥
&
= Py ADE1114 r'c
< &S
]
v
JPEA Gain = 18
= ImNFE

1] Pull-down resistor bo allow accurals swing
i 3V

{Z] RAs Is sized Jor 3 30mY drop at full-scale
ourrent.

Figure 38. Low-Side Current Measurement

The ADS1113/'4/5 are fabricated in a small-geometry,
low-voltage process. The analog inpuis feature
protection diodes to the supply rails. However, the
current-handling ability of these diodes is limited, and
the ADS1113/4/5 can be permanently damaged by
analog input wvoltages that remain more than
approximately 300m\V beyond the rails for extended
periods. One way to protect against overvoltage is to
place current-limiting resistors on the input lines. The
ADS111 ¥4/ analog inputs can withstand momentary
currents as large as 100mA.

If the ADS11134/5 are driven by an op amp with
high-voltage supplies, such as 12V, protection
ghould be provided, even if the op amp is configured
=0 that it does not output out-of-range voltages. Many
op amps drift to one of the supply rails immediately
when power is applied, usually before the input has
stabilized; this momentary spike can damage the
ADS111 345, This imcremental damage results in
glow, long-term failure, which can be disasirous for
permanently installed, low-maintenance systems.

If an op amp or other front-end circuitry is used with
an ADS1113/4/5, performance characteristics must
be taken into account when designing the application.

Ciopyright 12 2008, Texas instruments Inconporaied
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Texas PACKAGE OPTION ADDENDUM

INSTRUMENTS
ware L com - fug-2008
PACKAGING INFORMATION
Orderable Device Status'" Package Package Pins Package Eco Plan™ Lead/Ball Finish MSL Peak Temp ™
Type  Drawing Qty
ADS1113DE5R PREWVIEW KS0P DGES 10 2500 TBD Call 11 Callm
ADS1 113IDGEST PREWIESW K0P DEE L] 1] TBD Call 11 Call m
ADS1113RUGRH PREWVIEYW QFH ARG ] 3000 TED Cal 1 Calm
ADS1113IRUGT PREVIEW QFHN ALG [x] =30 TBD Cal T1 Call T
ADE1114IDE5R PREWVIEW K0P ] 10 2000 TED Call 1 Call m
ADS1114IDGSET PREVIEW MSOP oGS [x] =30 TBD Cal T1 Call T
ADST1140IRLGH PREVIEW QOFHN RAUG [x] 3000 TBD Can 11 Call T
ADS1114BUGET PREWVIEW QFH ALG ] o 1] TED Call T1 Callm
ADS1113IDE5R PREWVIEW KMS0P oGS L] 2500 TED Call T1 Call m
ADS] 11SIDESET PREWVIEW KMS0P DGEE 10 1] TBD Call 11 Callm
ADS111MRUGR PREWVIEW QFHN ALGE ] 30ao TBD Cal 11 Callm
ADS111SIRUGET PREWVIEW QFHN ALGE ] T TBD Cal 11 Callm

" The marketing status values are defined as follows

ACTIVE: Product devios recommended for new designs.

LIFEBUY': T1 has announced that the device will be discontinued, and a Rfetimes-buy period is In efect.

MRMI: rot recommended for new designs. Devics is in production 1o suppor existing customens, but TI does not recommeand wsing this part in
a new design.

PREVIEW: Device has been announced but ks not in production. Samples may or may not be avallabie.

OBSOLETE: T has discontinued the production of the dewice.

® Eco Plan - The planned eco-iriendly classification: Po-Free (RoHS), Po-Free (AoHS Exempt). or Green (RoHS & no SL/Br) - please check
htpc/reesrw. il comiproducicoment far the labest avallabiity informabion and additicnal proguct conbant detalls.

TBD: The Pb-Frea/Grean corversian plan has rat bean dedined.

Pb-Free (RoH5): Trs terms “Lead-Free” or "Pb-Free™ mean ssmiconductor products. that are compatible with the current AoHS requirements
Ior all & subsiances, Including the requinsment thal bsad not exscesd 0.1 % Dy weight In homogensous malenaks. Where designed 1o be soldensd
at han t=mperaiures. Tl Pb-Fres products ane sullsbie for uss in specilad ead-fres processas.

Pb-Free rﬂ::l-lﬁ- Exempl): This componem has a AoHS exemption for siiher 1) lsad-based Mip-chip soider bumps used between the die and
package. or ) lead-based die adhesive ussd between the die and leadiame. The component |s olhersise considered Po-Free (RoHS
compatible) as defined above.

Gresn mﬂH’E & nio Sh'ﬁ']-: Tl defines "Green™ 1o mean Pb-Free (RoHS compatible). and free of Bromine [Br] and Anfmony (St} based flamea
retardants (Br or Sb do nol exceed 0.17% by weighl In homogensous malerial)

™ MSL, Peak Temp. — The Moisiure Sensiivity Level raling according i e JEDEC indusiry standard classificaSions, and psak sokier
l=mparaburs.

Importani Information and Disclaimer:The nfosmation provided on this page represents. Tr's knowledge and belisl as of the dale thal i is
prowicad. Tl bases fis knowiedge and belled on indormation provided by thind parties, and makes no represaniabiion or wamanty as o tha
accuracy of such irdormation. Efioris are underway to betier infegraie Indormation trom third parties. Tl has taken and contirues fo fake
reasonable sieps io provide representative and acourate information but may not have conducted desbruciive besting or chesmical analysis on
Incoming mailerials and chemicais. T1 and T1 supplers consider cerlain inlormabion o be propretary, and thus CAS numbers and other limited
information may naot be available for release.

Ir na ewend shall TI's lability arsing out of swch Indormation exosed e ioial purchase price of the T parls) ai Issue in this dooumsand soid by Ti
1o Customer an an annual basis.

Addendum-Page 1
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TEXAS PACKAGE MATERIALS INFORMATION
INSTRUMENTS
warw1Loom w2008
TAPE AND REEL INFORMATION
REEL DIMENEIONS TAPE DIMENSIONS
..................... - of b KD =P
| -ru N T
Fiare X l
D=
Cavity f - A-I.
A0 | Dimension dasignad 1o accommadata the componant width
B | Dimansion designad 1o accommadata the componant lengh
Ko | Dimension designad ie accommadate the component thickness
X v | Cewarall widih af the carder tape
! P4 | Filch babwean successive cavily caniers
[ | .
“ Feed Width [W1)
CUADRANT ASSIGHNMENTS FOR PIN 1 ORIENTATION IN TAPE
o o a0 oo o Sprocket Holes
¥ Y - -
Q1 21 0 a2 ﬂ
[ 03 14 Usar Dinsction of Faed
£l L&
., | -
N
Fockel Quadrants
"All dirensions are nominal
Device Package|Package|Fins| 5PQ | Resl | Reel AD | BO | KD | M w Pini
Type |Drawing Dia Width | (mm) | (mm] | (mm]) | (mm) | (mm]} |Guadrant
{mm] W1 {mmi|
ADS1113IDGSA S0P DGS 10 | 2500 330.0 124 5.3 3.3 1.3 g | 120 a1
ADS111DGEST S0P DS 10 250 1B0.D 124 5.3 1.3 1.3 g | 120 o
ADS1114IDGSA MS0P DG5S 10 | 2300 330.0 124 5.3 3.3 1.3 B.D z o
ADS1 1141DGEST MS0P DG5S 10 n0 1B0.D 124 5.3 3.3 1.3 g | 12 a1
ADS1115IDGSA S0P DGS 10 | 2500 330.0 124 5.3 3.3 1.3 B.D a1
ADS111MDGEST S0P DGS 10 250 1B0.0 124 5.3 3.3 1.3 B.D z a1

Fack Maberials-Fags 1
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TExAs PACKAGE MATERIALS INFORMATION
INSTRUMENTS
Wi 1loom E-Aug-2008
TAPE AND REEL BOX DIMENSIONS
¥
H
1
- a
" -
"Al dirersions are nominal
Devica Package Type |Package Drawing| Pins SPQ | Length (mm) | Width {mm] | Height {mm)
ADS1113IDG5R MS0F DGES ia 2504 370.0 35350 55,0
ADSA113IDGST ME0F DGS 10 230 155.0 200LD 450
ADS1 114IDEER MS0F DGS 10 2504 370.0 3550 55,0
ADS1114IDGST MS0F DGS 10 230 153.0 200D 45,0
ADS111HDGESR MS0F DGS 10 2300 370.0 335.0 35,0
ADS1113IDGST MS0F DGS 10 230 153.0 200.D 450

Fack Maberals-Fags 2
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MECHANICAL DATA

RUG (R—PQFP—N10)

PLASTIC QUAD FLATPACK

0,45
X m

. 2,05 .
5% w—{a]
B
¥ g, 7 5
[
| 1.55
10 -\ -7t 1,45
Fin 1 index dren \ l
i " 4
040
0,4
el 3
@G s |
000
Sedting Plane Seating Height
1,50}
|* 040
I 2, , 3 ‘) 0,30
IMEHHERHIE
! I ; I i
P 1| ldenlilier — | *
0,90 ¥ 45°

o

RS o
[ |

i 0.25
¥ T _'| 5 L_
4k u{l.E’{l
nx
«mﬂ%—r ‘ $n.1l:l@-:.-.|a|
- 0,05 @ C
Battom View

§I0E5IE-3,/8 04,2008

D2ome

Al linear dimerzions o in millimeters,  Dimsengionieg ond Loleroneing per ASME 11456 -1594,
This drowing & subject bo change withou? nedice

OFM (Quad Flalpack Mo-Lead] pockage conliguration
Thiz packoge complies fo JEDEC MO-268 vorlation X2EFD

Texas
INSTRUMENTS
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LAND PATTERN

RUG (R—POFP—N10)

Example Board Laysul Example Stencil Design
(Note E)
z3s : 24 '

4—151:4-,‘7 N - D—\‘ 1,50
IO T Wil

T — _4:

—_— ¥
85 070 -—-—'—-—E I:!: | 15 75 E—l——-—-—E 0,20 70 Ead Leads
ﬂ,E-EElJ.ISihlm- D] E] [ |:i:| 053 8% M1 Sise Laads
+ N .

':'E-“!‘Sﬂt |1— -Il Lmutmm _.| |__
0,25 3% Al Side Lechs

dN{de=-50 06,00

ROTES: & A& linedr dimerdions ane in redlimelers,

B. This drowing & subject to change withouf nedice

C. Publicotion IPC-72330 is recommended for oltemale designs.

I, Custornars should contoct bheir boerd faoeicotion sile for minimum selder mosk web boleronces belween signel pods

E. Moxirmn slencd thickness 0,037 men (5 mils). Al Bnear dmensicns are in milimelers

F. Laser cubting oparbures with lrepezcidal wells ond oo rounding comnars wil offer betber posle relegss.  Cusfomears should
conbact ther boord assembly site for stencll design rocommendations,  Bafar to IPC 7523 for stencl design conskdarotions,

G. Side aperture dimensions owr=print lond for accaptoble area rotip > 0L66. Customar moy reducs side aperture dmensions
il stencl monufocfuring process dlows for suflicien? reease ot smaller opening.

ETHUHENTE

wwnw oom
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MECHANICAL DATA

DGS (S—-PDS0-G10) PLASTIC SMALL—OUTLINE PACKAGE

2,80
STy
& ! i |r I ‘l .
_4-_ Seating Flane || r___.:"/l(_Lr,l J—‘I'Q':_-l
— 10w o

4073272,C 02,04

RGTES: Al linegr dimencions one in malimeters,

This drowing & subjecl lo change without nodice

Bady dimangions de nal include mold Nesh or graloesion.
Fals within JEDEC MO-187 woriokion B4,

on@me

XAS
INSTRUMENTS
Wt T
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IMPORTANT NOTICE

Taxas Instumeants Incomporaled and s subsidanes (T1) resens tha right o maks comsctiors, modifications, sanhancemernls, Improwvemants,
and other changes o s producis and services at any time and o disconfinue any product or service without nofics. Cusiomers showld
obtain the ladest rekevant infomabion bafore placing orders and shouwld verify thal such infoema®ion is currend and compleie. All products are
=old subject b TI's lerms and conditions of sale supplied at the Bme of order acknowledgmeni.

Tl warranis pedormanos of ks hardware products 1o the specificafions applicable ai the time of sale in acocordance with TI's standard
warmanty. Testrng and othar quality conbrol lechnigues are used o the exient Tl deems necessary o support this warranty. Except whans
mandal=d by govemmend reguiremenis, besting of all parameiers of each product is nol necessarnily perfionmesd.

Tl assurress no Eability for applicaions assisiance or cusiomer product designe Cusiomens are responsibis for their producks and
applications using Tl components. To minimizs he risks associated with customer products and applicaions, cusbomans should provide
adequabs design and cperading safsguards.

Tl does not warrant or represant that any lioense, ither express or implied, |5 granted urder any T1 pabent right, copyright, mask work right,
or other T infellechual proparty right relafing o ary combinabion, machins, or process in which Tl products or services are used. Irdormation
pubiished by T regarding third-party products or servioes does not corstiube a licenss from T1 fo use such products o services or a
wamanty or endorsement thereal. Use of such informafion may require a license from a third party under ihe pabents or other indeleciual
proparty of the third party, or a Bcenss from T1 unider the pabsnbs or other inbsleciual property of TI.

R=production of Tl information in Tl data books or data shewls |5 permissible only §reeproducion s wihoul allesation and ks accompanksd
by all associaled warranties, condiicns, Imiabons, ard noSoss. ReEproduction of this indformabion wilh alberalion |s an unialr snd deceplhss
Dusiness praciice. T ks not responsile or llable for swoh aflered documeniation. Informabion of third parties may be subjecl o addiicnal
nesticions.

R=sale of Tl products or sernvices with stabsmeents differeni from or beyond the parameiers sialed by Tl for sl produc] or servioe solds: all
aupresss and any impled waranbes for the associaied Tl product or senvice and s an unfair and deceglive business pracbice. T is not
responsible or llabke for any such siademenis.

Tl products are not authorized for wse In sadety-crifical appications (such as life suppor) where a Tallume of the Tl product would reasonabily
be expected io causs savers personal injury or death, uniess officers of Te parties have execuied an agresment speclically governing
such uss. Buyers represant that they have all necessary espertise in the salety and regulatory ramifications of their applicabions, and
acknowiadge and agrea that they are solaly responsile for all legal, reguiaiony and sadety-related reqguirsments concerning el products
and any use of Tl products in such safety.oritical applications, nobatthsianding any applications-redalesd indormabon or support that may be
provided by TI. Further, Buyers must fully iIndemnify T1 and iis represenbatives against any damapes ansing out of the use of T1 products in
zuch safely-crtical applicabions.

Tl products are netther designed nor intended for use In milkary/aerospace applicaticons or envimonments unless the Tl products ans
specifically designaied by Tl as miltary-grade or "snhanced plastic.” Only products designabed by Tl as mill tary-grade meet mililary
spedcifications. Buyers acknowiedge and agre= that amy swch use of Tl products which Tl has nolt designaied as milllary-grade s solshy at
thie Buyer's risk, and thal fey are solefy responsibée for complianoe with all legal and reguilalory requiresmenis in connechion with sudh use.
Tl products are netther desigred nor inlended for uss i aviomotive applicaiions or environmeants uniess e specfic Tl products anrs
designaied by Tl as compliant with ISOvTS 18545 requirements. Buyers acknowiedps and agres that, if fey vse any non-designaied
products in automotive applicaticns, Tl wil nol be responsiole Tor any fallure 1o mest swoh resquiremenis.

Faliowing are URLs whane you can cbilain iInformation on other Texss Imsiruments products and appllcation solufions:

Producks Applications

Amplifiers amaiier.,com Audio A L Doy aud o

Dala Corveriers dataconvertar.il.com ALfiomotee AW, BL DO aLi oImeinee
DOLP& Products v, IR, Coim Broadbard Ay, BLoam'breasband
OsP dspil.com Dighal Controd A, B comidigitaloanirol
Clocks and Timers L Comciocks Medical A, L ooy mee i cal
Intariace Iniesface. i.com Al Hary A, B oo mill iy
Logis logic, bLoom Optical Mebaoring A, BLoomdopticaine ok
Power Mgmi [poswe. l,com Smourity e, B oomy secLr by
Microcontrollers micracomirolier.boom Telephony A, B oomiledep hony
RFID v, H-rid, coem Wideo & Imaging A, B oomvided

RFIF and ZigBeek Solubions  www, i, comipr Wireless AW, B ComWare e s

Malling Address: Texss Irestrumenis, Post OMcs Bax 835303, Dalas, Taxas TE263
Copyright & 2009, Texas Instnuments Inoomporated
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