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1 Introduction

We all know that weather conditions like the amount of annual sunlight, the average temper-
ature, humidity, and precipitation, differ based on location. As humans, we know that when we
travel away from our natural habitat we feel the effects. For example, if you are from the northern
portion of the United States and you were to travel to the southern portion of the United States,
the heat and humidity would greatly differ from the weather conditions you are accustomed to,
possibly causing you to feel uncomfortable and limiting your time spent outdoors. If you were
from a northwestern city in the United States, like Seattle, Washington, and were to travel to a
southeastern city in the United States, like Orlando, Florida, you would most likely not be used to
the annual amount of sunny days.

These changes could possibly make you feel uncomfortable; maybe you would even change
your daily habits to fit this change in weather. If humans are effected by weather changes, are
animals affected as well? To be able to study the effect weather changes could have on an animal,
a system has to be developed to recreate their native environment in a controlled situation, even
when the surrounding environment differs. To be able to create this microclimate, data is needed
to be able to determine how a particular sensor reacts to light.

A photodiode, a device which creates a voltage based on its exposure to light, is connected
to a Rasberry Pi which records the change in voltage. A program is used to collect reported so-
lar radiation data from Weather Underground along with the photodiode voltage. The correlation
between the two can be used to calibrate the output of the photodiode sensor. This calibration
can be used in a microclimate environment to recreate the light intensity using artificial lighting
that mimics any location on the Earth. This thesis presents the study of a photodiode and the
comparison of the data to the reported real time solar radiation collected from personal a weather
station on Weather Underground.

2 Background

The entirety of the system is controlled with a Rasberry Pi (RPi). A RPi is a small, low
cost computer. The RPi can perform the usual tasks that any other computer can do, like access
the Internet, display graphics and videos, and play games [1]. In addition, this small device can
be used to interact with other devices. These devices can be a multiple of things, such as light
sensors, motion sensors, and light emitting photodiodes. The device also allows the user to create
customized programs to achieve nearly any project they can imagine in a programming platform
called Python.

The program used to conduct the experiment is written in Python. Python is a powerful,
diverse, and open source programming language. Python can be used in a multitude of forms, like
web development, database analysis, scientific applications, game development, and graphical user
interfaces [2].



3 Experimental Setup

The experimental setup uses a RPi. Data is collected by running a Python script on the RPi
which extracts the reported data from the HTML code of the Weather Underground website for a
specified personal weather station (PWS). The weather variables being reported in real time are
then stored within the program. Connected to the RPi is a photodiode, which gives off a voltage
based off the light intensity outside. The voltage data and weather station data is then collected
simultaneously. The collected data is then transferred to an HTML script and displayed on a
graphical user interface (GUI). The following sections will detail each individual component of the
system. Appendix A contains data sheets for all hardware included.

3.1 Hardware
3.1.1 Photodiode Circuit

The circuit in Figure 1 consists of a VI B8440B semiconductor photodiode. The sensor has a
spectral wavelength range of 330 to 720 nm [3]. This spectral range covers a portion of the UVA
spectrum which spans from 315 to 400 nm, and the majority of the visible light spectrum which
spans from 380 to 780 nm. The spectral range also covers a small portion of the infrared spectrum,
but the photodiode incorporates an infrared rejection filter

The current from the photodiode is translated into a voltage through a LMC6042 operational
amplifier (opamp) [4]. The opamp is powered with an external 9V battery source due to the fact that
the RPi outputs only either 3.3 or 5V. A LM385 bandgap voltage reference diode is used to create a
constant voltage of 1.2V, which is then run to the non-inverting input of the opamp [5|. This offset
ensures the opamps output remains above zero volts when the current of the photodiode is zero [6].
A 8.2k() resistor is connected between the inverting input and the opamp output creating negative
feedback. The output from the opamp is then run through a potential divider circuit consisting of
two 10k(2 resistors. The combination of the resistors ensures that the read voltage out is less than
5V even in the sunniest conditions [6].
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Figure 1: Photodiode circuit diagram.

In addition to the photodiode, a photoresistor was added to compare the differences between
the two sensors. A voltage divider circuit was created with a 10k resistor and a 10k{2 photoresistor.
The circuit is powered from the 5V rail of the RPi as seen in Figure 2.
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Figure 2: Photoresistor circuit diagram.



The voltages out from the photodiode and the photoresistor circuits are analog inputs. Because
the RPi only allows for digital inputs, the voltages out are converted to digital inputs using the
MCP3008, an 8 channel, 10-bit, analog to digital converter (ADC) [7]. The output from the ADC
chip is then connected to GPIO pins connected to the RPi as seen in Figure 3.
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Figure 3: ADC circuit diagram.

3.2 Software
3.2.1 Weather Underground

Data is collected from the website https://www.weatherunderground.com. Weather Under-
ground’s site consists of a global network of over 250,000 personal weather stations (PWS) [8]. These
weather stations report weather variables like solar radiation, temperature, humidity, precipitation,
and UV index. Because these are personal weather stations, they differ by makes and models and
may only report certain weather variables compared to other PWS’s. With this global network, the
user is able to find a PWS that is located in the native environment for the subject that is being
studied.

3.2.2 Weather Station Data

For the experimental setup, weather data was collected from the PWS KARCONWA57, lo-
cated in Conway, Arkansas. The reason for using this particular weather station is because the
photodiode data collection site was within a 3-mile distance from the PWS, ensuring that the cur-
rent conditions for the PWS matched the current conditions of the photodiode voltage collection
site. The main focus of the data collection from Weather Underground was to collect reliable solar



radiation data that could be compared to the photodiode voltage data accurately. Temperature,
precipitation, and weather conditions were also collected from the PWS.

3.2.3 Collection of Reported Data

Collection of the solar radiation data and other data points was achieved by creating a Python
script. Four Python packages were imported within the code: urlib.request, time, JSON, and
webbrowser. Starting at the beginning of the script, a text prompt appears asking the user to
"Input Weather Station 1 ID." The prompt in addition provides the user with the link to Weather
Undergrounds wundermap, which displays an interactive map for the user to find the desired weather
station. Several arrays are then defined which are used to store the desired data variables such as
solar radiation and voltage.

A while loop is then implemented to allow the code to run as long as the user specifies.
urllib.request gives the script the ability to open the specified URL given by the user. The JSON
package is then used to create a python dictionary of the JSON script from the weather underground
API URL. From this dictionary, reported weather variables can be defined from the specified JSON
values. These found values are than stored within their own arrays and saved to a data file.

The readadc_channel 0 function is then called to allow the analog voltage running to the
ADC chip to be read by the RPi. From this function, a 10 digit integer is outputted and inputted
into the calc_volts 0 function, which calculates a voltage readout from the ADC chips integer
output. This voltage is then stored within its specified array and written in a file along with the
Weather Underground data.

All of the collected variables are then transferred into a HTML file. This file is then able
to be opened by the internet browser on the RPi and displays the information as a graphical user
interface (GUI). The GUI displays the local current time as well as the last updated time for the
PWS, icons representing the current weather condition, solar radiation, voltage output from the
photodiode, current temperature readings, and current precipitation measurements. Figure 4 shows
the data that is included on the GUI. Appendix C contains the HT'ML code created for the GUIL.



Current Conditions for Weather Station KARCONWAS7

Weather Station Location Mayflower, US
10:48 AM

4/25/2019

Condition: Overcast

Temperature Light Precipitation

Temperature: 67.5°F Solar Radiation: 109 W/m?2 Total Precipitation: 1.65 in

Feels Like: 67.5°F Sensor: 0.777126 V. Hour Precipitation: 0.0 in

Last update from weather underground: 10:48

Figure 4: Graphical user interface.

The time package imported then allows the program to pause and sleep for a specified amount
of time. Once this time is reached, the loop begins from the beginning, reading and saving the
weather underground values, photodiode voltage value, and updating the GUI. The entirety of the
code can be seen in Appendix B.

4 Data Analysis

The following sections present the comparison of solar radiation data collected from the
Weather Underground PWS KARCONWASL7 and the photodiode voltage data collected at the
collection site for a sunny day and a cloudy day.

4.1 Sunny Day Data

On April 9, 2019 data was collected with the designed experimental setup. The data collection
began before sunrise and after sunset for the day, running approximately 21 hours, and data was
collected from Weather Underground and the photodiode every 15 minutes. Figure 5 displays the
collected data with the PWS solar radiation data represented by the blue points and the recorded
voltage from the photodiode represented by the red points.
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Figure 5: Solar radiation and photodiode voltage for a sunny day.

For comparison, data from a photoresistor was collected at the same time intervals on the same
day to determine the difference in sensitivity of the two sensors. In Figure 6 the solar radiation data
from weather underground is represented by the blue points and the voltage from the photoresistor
is represented by the red points.
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Figure 6: Solar radiation and photoresistor voltage for a sunny day.

4.2 Cloudy Day Data

Data was collected with the photodiode on April 23, 2019, a mostly cloudy day, with the
experimental setup. Data collection was collected with the same parameters as the sunny day data.
Figure 7 displays the solar radiation collected from Weather Underground by the blue points and
the photodiode voltage collected by the red points.



Solar Radiation W/m?

For comparison, data from the photoresistor was collected on the same day during the same
time intervals as the photodiode. Figure 8 displays the solar radiation data collected from Weather
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Figure 7: Solar radiation and photodiode voltage for a cloudy day.

Underground by the blue points and the photoresistor voltage by the red points.
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Figure 8: Solar radiation and photoresistor voltage for a cloudy day.
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4.3 Results

By comparing graphs of the photodiode and photoresistor, it is clear that that photodiode
is the better option. The photoresistor predominantly just responds to light. It is a much more
useful sensor if the user would just like to know if a light is on or off. By examining the photodiode
data, the voltage output follows the changes in solar radiation very closely. There are some small
differences in the data for the sunny day. This error can be attributed to four factors.

First there exists a margin of error from the 10-bit ADC chip. The chip’s voltage reference is
from the 5V rail creating a margin of error of 0.005V as shown in Equation 1.

Vie
‘/error ==+ 210f
_+ (1)
1024
~ +0.005V

This margin of error is very small compared to the voltage range of the photodiode. The error bar
for each data point graphed is nearly the magnitude of the data point itself as seen in Figure 9.
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Figure 9: Solar radiation and photodiode voltage including margin of error from the ADC chip.

Second the circuit for the photodiode does not allow the voltage out to be 0. From the data
with no light, it is approximately 0.6V. This means that when the PWS reports 0 %, the voltage
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from the photodiode is reporting 0.6V, creating a small offset between data points.

The third factor is the difference in collection sites. Even though the photodiode data collection
was conducted within a reasonable distance from the weather station used to collect reported solar
radiation data, the two systems were not set up exactly the same. It is reasonable to assume that
the PWS is located in an elevated position to be able to receive accurate data and avoid obstruction
of this data from elements like houses, trees, and humans. It can also be assumed because of this
fact that there is a possibility of less natural light disturbance. For example, shadows created from
trees or the peak of a house.

The fourth reason for discrepancy is that the type of instrumentation used by this particular
PWS is not public knowledge. Because of this, there is no way of knowing how high of quality or
low of quality the equipment being used at this particular PWS is. The margin of error for the
equipment could be very small or very large.

Even with these slight discrepancies between the measured voltage from the light intensity
and the reported solar radiation data from the PWS, the data shows that the photodiode would
be able to be used within an environment to measure light intensity. From the data collected,
the photodiode can be calibrated and be used in a microclimate environment to recreate the light
intensity using artificial lighting that mimics any location on the Earth.

5 Conclusion

The experimental setup created and the data collected has provided a basic platform to aid
in the creation of an automated microclimate ecosystem. From the data, it is evident that the pho-
todiode voltage change corresponds with the change in reported solar radiation. Due to the sensors
small size, it would be an excellent choice for use within an environment and would not interfere
with the subjects habitat. The Python script performs as designed and allows for expansion of
weather variables data collection. The GUI gives the user the ability to view the collected data in
a clear and concise manner.

The complete creation of an automated microclimate ecosystem will require the implementa-
tion of additional components such as light control, temperature control, precipitation and humidity
control. The next major milestone will be light automation. Light automation was not tested in
this thesis due to the fact that the light sources that have been tested with the photodiode do not
posses the correct light spectrum to produce a similar voltage response like sunlight does from the
photodiode. There are a few options that could be used to solve this problem, such as a combination
of light sources or the creation of a scale factor of the photodiodes response to a particular light
source. These lighting options will need to be explored to find the optimal conditions for the subject
being studied.

Once the lighting automation is created, another major addition to the system will be a fail
safe for the system. Multiple times during data collection, the HTML file for the Weather Under-
ground PWS could not be found due to internet connection issues. When the file was not found
by the program it caused the entire system to crash. A fail safe will need to be implemented to
allow for the light control to continue to operate until a connection can be reestablished with the
Weather Underground site.

Once this light source has been found, the calibrated photodiode can be used to compare the
reported solar radiation for a particular PWS and adjust the light source to meet the corresponding
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voltage that should be produced from the photodiode. With this automated lighting system, it will
allow the observation of behavioral differences of the animal within it’s natural habitat.

13
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LM185-1.2-N, LM285-1.2-N, LM385-1.2-N

SNVS742E —JANUARY 2000—REVISED APRIL 2013

LM185-1.2-N/LM285-1.2-N/LM385-1.2-N Micropower Voltage Reference Diode

Check for Samples: LM185-1.2-N, LM285-1.2-N, LM385-1.2-N

FEATURES

* 1% and 2% Initial Tolerance

e Operating Current of 10pA to 20mA

* 1Q Dynamic Impedance

e Low Temperature Coefficient

¢ Low Voltage Reference—1.235V

e 2.5V Device and Adjustable Device Also
Available

* LM185-2.5 Series and LM185 Series,
respectively

DESCRIPTION

The LM185-1.2-N/LM285-1.2-N/LM385-1.2-N  are
micropower 2-terminal band-gap voltage regulator
diodes. Operating over a 10puA to 20mA current
range, they feature exceptionally low dynamic
impedance and good temperature stability. On-chip
trimming is used to provide tight voltage tolerance.
Since the LM185-1.2-N band-gap reference uses only
transistors and resistors, low noise and good long
term stability result.

CONNECTION DIAGRAM

Figure 1. T0-92 Package (LP)
(Bottom View)

1
+O 3+
2 m]
-0
* Pin 3 is attached to the Die Attach Pad

(DAP) and should be connected to Pin 2 or
left floating.

Figure 2. SOT-23

A

All trademarks are the property of their respective owners.

Careful design of the LM185-1.2-N has made the
device exceptionally tolerant of capacitive loading,
making it easy to use in almost any reference
application. The wide dynamic operating range allows
its use with widely varying supplies with excellent
regulation.

The extremely low power drain of the LM185-1.2-N
makes it useful for micropower circuitry. This voltage
reference can be used to make portable meters,
regulators or general purpose analog circuitry with
battery life approaching shelf life.

Further, the wide operating current allows it to
replace older references with a tighter tolerance part.

The LM185-1.2-N is rated for operation over a -55°C
to 125°C temperature range while the LM285-1.2-N is
rated -40°C to 85°C and the LM385-1.2-N 0°C to
70°C. The LM185-1.2-N/LM285-1.2-N are available in
a hermetic TO package and the LM285-1.2-N/LM385-
1.2-N are also available in a low-cost TO-92 molded
package, as well as SOIC and SOT-23.

+ NC NCNC
8 |7 s |s

_K_

|2
NC

|3 4

|1
NC N -

Figure 3. SOIC Package

Figure 4. TO Package (NDV)
(Bottom View)

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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LM185-1.2-N, LM285-1.2-N, L M385-1.2-N P TEXAS MENTS

SNVS742E —JANUARY 2000—REVISED APRIL 2013 www.ti.com

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘h\ during storage or handling to prevent electrostatic damage to the MOS gates.

ABSOLUTE MAXIMUM RATINGS®®®)

Reverse Current 30mA

Forward Current 10mA

Operating Temperature Range

LM185-1.2-N -55°C to +125°C
LM285-1.2-N -40°C to +85°C
LM385-1.2-N 0°C to 70°C
ESD Susceptibility ©) 2kV
Storage Temperature -55°C to +150°C
Soldering Information
TO-92 package: 10 sec. 260°C
TO package:10 sec. 300°C
SOIC and SOT-23 Pkg.
Vapor phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering surface mount devices.

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for
which the device is intended to be functional. For specifications and test conditions, see the Electrical Characteristics. The specifications
apply only for the test conditions listed.

(2) Refer to RETS185H-1.2 for military specifications.

(3) If Military/Aerospace specified devices are required, please contact the Tl Sales Office/Distributors for availability and specifications.

(4) For elevated temperature operation, see Table 1.

(5) The human body model is a 100 pF capacitor discharged through a 1.5 kQ resistor into each pin.

Table 1. Tymax) for Elevated Temperature Operation

DEVICE Ti(max) (°C)
LM185-1.2-N 150
LM285-1.2-N 125
LM385-1.2-N 100
2 Submit Documentation Feedback Copyright © 2000-2013, Texas Instruments Incorporated

Product Folder Links: LM185-1.2-N LM285-1.2-N LM385-1.2-N
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B TEXAS ENTS LM185-1.2-N, LM285-1.2-N, LM385-1.2-N

www.ti.com SNVS742E —JANUARY 2000—REVISED APRIL 2013

ELECTRICAL CHARACTERISTICS®

LM185-1.2-N
LM185BX-1.2-N LM385B-1.2-N
LM185BY-1.2-N LM385BX-1.2-N
LM285-1.2-N LM385BY-1.2-N LM385-1.2-N Units
Parameter Conditions Typ LM285BX-1.2-N (Limit)
LM285BY-1.2-N
Tested Design Tested Design Tested Design
Lirrgg @ | Limit @ | Limit @ | Limit @ | Limit @ | Limit @
Reverse Breakdown Ta =25°C, 1.23 1.223 1.223 1.205 V(Min)
5
Voltage 10pA < Ig < 20mA 1.247 1.247 1.260 V(Max)
Minimum Operating 8 10 20 15 20 15 20 HA
Current LM385M3-1.2-N 10 15 (Max)
Reverse Breakdown 10pA < I < 1mA 1 15 1 1.5 1 15 mV
\ézlrtrae%? Change with (Max)
1ImA < Ig £ 20mA 10 20 20 25 20 25 mV
(Max)
Reverse Dynamic Ir = 100pA, f = 20Hz 1 Q
Impedance
Wideband Noise Ir = 100pA, 60 uv
(rms) 10Hz < f < 10kHz
Long Term Stability Ir = 100pA, T = 1000 Hr, 20 ppm
Ta =25°C +0.1°C
Average Temperature | Iz = 100pA
Coefficient ©) X Suffix 30 30 ppm/°C
Y Suffix 50 50 ppm/°C
All Others 150 150 150 ppm/°C
(Max)

(1) Parameters identified with boldface type apply at temperature extremes. All other numbers apply at Ty = T; = 25°C.

(2) Production tested.

(3) A military RETS electrical specification is available on request.

(4) Specified by design. Not production tested. These limits are not used to calculate average outgoing quality levels.

(5) The average temperature coefficient is defined as the maximum deviation of reference voltage at all measured temperatures between
the operating Tyax and Ty, divided by Tyax — Twin. The measured temperatures are -55°C, -40°C, 0°C, 25°C, 70°C, 85°C, 125°C.

THERMAL CHARACTERISTICS

Thermal Resistance TO-92 TO SolIc SOT-23
. . ) 180°C/W (0.4" leads) o o o
634 (junction to ambient) 170°C/W (0.125" leads) 440°C/W 165°C/W 283°C/W
6;c (junction to case) N/A 80°C/W N/A N/A
Copyright © 2000-2013, Texas Instruments Incorporated Submit Documentation Feedback 3

Product Folder Links: LM185-1.2-N LM285-1.2-N LM385-1.2-N
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TYPICAL PERFORMANCE CHARACTERISTICS

Reverse Characteristics

Reverse Characteristics

100 10
: !||
£ 8
< o] Tp = 125°C
et g s i
= [ < ]
& | 2
o 4 w
2 = - b 2 4
w Ta=125°C Tp=-55°C S HT /
2 . | ~ 2 2 Ta=25°C
> 7 = y =
& A 2 ZPY Ta - -55°C
Y Ta=25C 5 0 =
l =]
0.1 _2
0 02 04 06 08 10 12 14 0.01 01 1 10 100
REVERSE VOLTAGE (V) REVERSE CURRENT (mA}
Figure 5. Figure 6.
Temperature Drift of 3
Forward Characteristics Representative Units
12 1.260 1 1
T IR=100 uh
Tp = -55°C, =
= > 1.250
= ] w A ™
[z}
2 08 1 a =
= auil " S 1.240
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- 'S
e "‘% & ™~ N
‘ 1.220
0
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FORWARD CURRENT (mA) TEMPERATURE (°C)
Figure 7. Figure 8.
Reverse Dynamic Impedance Reverse Dynamic Impedance
100 unasa | 10k
1=25Hz T, = 25
P —_ Ir = 100 A
S ) ik R ‘ L~
wl
:Z: 10 Ta = 125°Cly § /
g ‘ | = 100 /
o ol
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o A a 1
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Figure 9. Figure 10.
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Noise Voltage Filtered Output Noise
700 T T T T 70
v T T
600 t o SINGLE POLE LOW PASS
\ 2 100 A -
s 500 i f 50 — 1
53 Py 2 < outPuT
< 400 ™ e | :
> \ a Avns T // Lttt
£ a2 A
g 300 E o3 i
S = e
= 00 w20 v 1
= P SHARP
100 10 A - CUTOFF FILTER ++H
m ot 1 AN Y
0 0 :
10 100 1k 10k 100k 100 1k 10k 100k
FREQUENCY (Hz) CUTOFF FREQUENCY (Hz)
Figure 11. Figure 12.
Response Time
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Figure 13.
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TYPICAL APPLICATIONS

VN =2.3V T0 30V 9V

500k

12v
4.3k LM385-1.2
out
1.24V =
Figure 14. Wide Input Range Reference Figure 15. Micropower Reference from 9V Battery
1.5V
3k
1.2V
LM385-1.2

Figure 16. Reference from 1.5V Battery

o

ﬁ Vin>5.2V

IN =3
—I‘ZNZQUS
N

v

R
LM334
Ve %5.11(

<
Vg =5V
IL <100 mA
>
150 pF & 390k
ta1uF
TANTALUM
-l
e
LM385-1.2 f 10M 2% 120k
*lg = 30pA
Figure 17. Micropower* 5V Regulator
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10V

LM385-1.2 500k

[

*lo =20pA standby current
Figure 18. Micropower* 10V Reference

. 1.23V
lour = 57~

LM385-1.2 LM385-1.2
1<
c1

R1

'___4. 100k
]

] *

ouT

1.5V T0 27V

lout*

-15VT0 -27V

Figure 19. Figure 20. Precision 1pA to 1mA Current Sources
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METER THERMOMETERS
0-100 A QM>
lout
L_ 1.5V
v - (1.3-1.6v)7
LM334
V=
Calibration
1. Short LM385-1.2-N, adjust R3 for Igyt= temp at 1pA/°K
2. Remove short, adjust R2 for correct reading in centigrade
Tlg at 1.3V=500uA
lg at 1.6V=2.4mA
Figure 21. 0°C-100°C Thermometer
Figure 22.
*
®
—te 1370
T 16v?
8k TO
12"
LM334 L M385-1.2
*2N3638 or 2N2907 select for inverse Hgg = 5
tSelect for operation at 1.3V
$lg = 600PA to 900pA
Figure 23. Lower Power Thermometer
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0-50 uA P

lout

—
T 1.3-1.6V

-

LM385-1.2

Calibration
1. Short LM385-1.2-N, adjust R3 for Igyr= temp at 1.8uA/°K
2. Remove short, adjust R2 for correct reading in °F

Figure 24. 0°F-50°F Thermometer

LM334
2k
R 1%
MERCURY + V- TC ADJ
CELL ™S 500
1.345V
>
R1
7N\
s
& (|
THERMOCOUPLE | | METER
- Il
1 -
\v
COLD JUNCTION
ISOTHERMAL
WITH LM334

Adjustment Procedure

1. Adjust TC ADJ pot until voltage across R1 equals Kelvin temperature multiplied by the thermocouple Seebeck
coefficient.

2. Adjust zero ADJ pot until voltage across R2 equals the thermocouple Seebeck coefficient multiplied by 273.2.

Figure 25. Micropower Thermocouple Cold Junction Compensator
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Thermocouple Seebeck R1 R2 Voltage Voltage
Type Coefficient (Q) Q) Across R1 Across R2
(uVI°C) @ 25°C (mV)
(mV)

J 52.3 523 1.24k 15.60 14.32

T 42.8 432 1k 12.77 11.78

K 40.8 412 9530 12.17 11.17

S 6.4 63.4 | 150Q 1.908 1.766

Typical supply current 50pA
V+
V1
T
OUTPUT
TJ_ 53 1 MV/C
1.5V -T
>
3 27k LM385-1.2IK
Calibration
1. Adjust R1 so that V1 = temp at 1mV/°K
2. Adjust V2 to 273.2mV
tlg for 1.3V to 1.6V battery volt-
age = 50pA to 150pA
Figure 26. Centigrade Thermometer
10 Submit Documentation Feedback Copyright © 2000-2013, Texas Instruments Incorporated
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SCHEMATIC DIAGRAM

—e— +
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200k

a3

R7
50k
a1
a2

R8
300k

R1

100k
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp ~ Op Temp (°C) Device Marking Samples
) Drawing Qty @ (®) @) “s)
LM185BYH-1.2/NOPB ACTIVE TO NDU 2 1000  Green (RoHS Call TI| POST-PLATE  Level-1-NA-UNLIM -55to 125 (LM185BYH1.2, LM1
& no Sh/Br) 85BYH1.2)
LM185H-1.2/NOPB ACTIVE TO NDU 2 1000 Green (RoHS  Call TI | POST-PLATE Level-1-NA-UNLIM -65to 125 (LM185H1.2, LM185
& no Sh/Br) H1.2)
LM285BXM-1.2/NOPB ACTIVE soic D 8 95 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 85 285BX
& no Sh/Br) M1.2
LM285BXMX-1.2/NOPB ACTIVE soic D 8 2500 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 85 285BX
& no Sh/Br) M1.2
LM285BXZ-1.2/LFT4 ACTIVE TO-92 LP 3 2000 Green (RoHS CU SN N/ A for Pkg Type 285BX
& no Sh/Br) Z-1.2
LM285BXZ-1.2/NOPB ACTIVE TO-92 LP 3 1800 Green (RoHS CUSN N/ A for Pkg Type -40 to 85 285BX
& no Sh/Br) Z-1.2
LM285BYM-1.2/NOPB ACTIVE soic D 8 95 Green (RoHS CUSN Level-1-260C-UNLIM -40 to 85 285BY
& no Sh/Br) M1.2
LM285BYMX-1.2/NOPB ACTIVE soic D 8 2500 Green (RoHS CUSN Level-1-260C-UNLIM -40 to 85 285BY
& no Sh/Br) M1.2
LM285M-1.2/NOPB ACTIVE soic D 8 95 Green (RoHS CUSN Level-1-260C-UNLIM -40to 85 LM285
& no Sh/Br) M1.2
LM285MX-1.2/NOPB ACTIVE soic D 8 2500  Green (RoHS CUSN Level-1-260C-UNLIM -40to 85 LM285
& no Sh/Br) M1.2
LM285Z-1.2/NOPB ACTIVE TO-92 LP 3 1800  Green (RoHS CUSN N/ Afor Pkg Type -40to 85 LM28
& no Sh/Br) 5Z-1.2
LM385BM-1.2/NOPB ACTIVE soic D 8 95 Green (RoHS CU SN Level-1-260C-UNLIM 0to 70 LM385
& no Sh/Br) BM1.2
LM385BMX-1.2 NRND soic D 8 2500 TBD Call Tl Call Tl 0to 70 LM385
BM1.2
LM385BMX-1.2/NOPB ACTIVE soic D 8 2500  Green (RoHS CUSN Level-1-260C-UNLIM 0to 70 LM385
& no Sh/Br) BM1.2
LM385BXM-1.2/NOPB ACTIVE soic D 8 95 Green (RoHS CUSN Level-1-260C-UNLIM 0to 70 385BX
& no Sh/Br) M1.2
LM385BXMX-1.2/NOPB ACTIVE soic D 8 2500  Green (RoHS CU SN Level-1-260C-UNLIM 0to 70 385BX
& no Sbh/Br) M1.2
LM385BXZ-1.2/NOPB ACTIVE TO-92 LP 3 1800  Green (RoHS CUSN N/ Afor Pkg Type 0to 70 385BX
& no Sbh/Br) Z-1.2
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ ® @ @s)
LM385BYM-1.2/NOPB ACTIVE soic D 8 95 Green (RoHS CUSN Level-1-260C-UNLIM 0to 70 385BY
& no Sh/Br) M1.2
LM385BYMX-1.2/NOPB ACTIVE soic D 8 2500  Green (RoHS CUSN Level-1-260C-UNLIM 0to 70 385BY
& no Sh/Br) M1.2
LM385BYZ-1.2/NOPB ACTIVE TO-92 LP 3 1800  Green (RoHS CUSN N/ Afor Pkg Type 0to 70 385BY
& no Sh/Br) Z-1.2
LM385BZ-1.2/NOPB ACTIVE TO-92 LP 3 1800  Green (RoHS CU SN N/ Afor Pkg Type 0to 70 LM385
& no Sh/Br) BZ1.2
LM385M-1.2 NRND soic D 8 95 TBD Call Tl Call Tl 0to 70 LM385
M1.2
LM385M-1.2/NOPB ACTIVE soic D 8 95 Green (RoHS CU SN Level-1-260C-UNLIM 0to 70 LM385
& no Sh/Br) M1.2
LM385M3-1.2 NRND SOT-23 DBZ 3 1000 TBD Call Tl Call Tl 0to 70 R11
LM385M3-1.2/NOPB ACTIVE SOT-23 DBZ 3 1000 Green (RoHS CU SN Level-1-260C-UNLIM 0to 70 R11
& no Sh/Br)
LM385M3X-1.2 NRND SOT-23 DBZ 3 3000 TBD Call Tl Call Tl 0to 70 R11
LM385M3X-1.2/NOPB ACTIVE SOT-23 DBZ 3 3000 Green (RoHS CU SN Level-1-260C-UNLIM 0to 70 R11
& no Sh/Br)
LM385MX-1.2/NOPB ACTIVE soic D 8 2500  Green (RoHS CUSN Level-1-260C-UNLIM 0to 70 LM385
& no Sh/Br) M1.2
LM385Z-1.2/LFT3 ACTIVE TO-92 LP 3 2000  Green (RoHS CUSN N/ Afor Pkg Type LM385
& no Sh/Br) Z-1.2
LM385Z-1.2/LFT4 ACTIVE TO-92 LP 3 2000  Green (RoHS CUSN N/ Afor Pkg Type LM385
& no Sbh/Br) Z-1.2
LM385Z-1.2/NOPB ACTIVE TO-92 LP 3 1800  Green (RoHS CUSN N/ Afor Pkg Type 0to 70 LM385
& no Sb/Br) Z-1.2

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS st including the req that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".
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RoOHS Exempt: Tl defines "RoHS Exempt” to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.
Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

© Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

©) Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |<— KO [¢—P1—>|
R R R T
@ & Bo W
Reel | | — i
Diameter
Cavity API A0 I<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO0 | Dimension designed to accommodate the component thickness
A W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
_f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O O O OO O Sprocket Holes
| |
T T
Q1 : Q2 Q1 : Q2
e e e o
Q3 1 Q4 Q3 1 Q4 User Direction of Feed
| w A 4
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) [W1(mm)
LM285BXMX-1.2/NOPB | SOIC D 8 2500 330.0 12.4 6.5 5.4 2.0 8.0 | 12.0 Q1
LM285BYMX-1.2/NOPB | SOIC D 8 2500 330.0 12.4 6.5 5.4 2.0 8.0 | 12.0 Q1
LM285MX-1.2/NOPB SOIC D 8 2500 330.0 12.4 6.5 5.4 2.0 8.0 12.0 Q1
LM385BMX-1.2 SoIC D 8 2500 330.0 12.4 6.5 5.4 2.0 8.0 | 12.0 Q1
LM385BMX-1.2/NOPB SOIC D 8 2500 330.0 12.4 6.5 5.4 2.0 8.0 | 12.0 Q1
LM385BXMX-1.2/NOPB | SOIC D 8 2500 330.0 12.4 6.5 5.4 2.0 8.0 | 12.0 Q1
LM385BYMX-1.2/NOPB | SOIC D 8 2500 330.0 12.4 6.5 5.4 2.0 8.0 | 12.0 Q1
LM385M3-1.2 SOT-23 DBz 3 1000 178.0 8.4 3.3 2.9 1.22 4.0 8.0 Q3
LM385M3-1.2/NOPB SOT-23 | DBZ 3 1000 178.0 8.4 3.3 29 | 122 | 40 8.0 Q3
LM385M3X-1.2 SOT-23| DBZ 3 3000 178.0 8.4 3.3 29 | 122 | 40 8.0 Q3
LM385M3X-1.2/NOPB | SOT-23 | DBZ 3 3000 178.0 8.4 3.3 29 | 122 | 40 8.0 Q3
LM385MX-1.2/NOPB SoIC D 8 2500 330.0 12.4 6.5 5.4 2.0 8.0 | 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
F
I
-//
7 ™~
/&(\\ //*.
T 7
T L~
. P ~
T T
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM285BXMX-1.2/NOPB SoIC D 8 2500 367.0 367.0 35.0
LM285BYMX-1.2/NOPB SoIC D 8 2500 367.0 367.0 35.0
LM285MX-1.2/NOPB SoIC D 8 2500 367.0 367.0 35.0
LM385BMX-1.2 SoIC D 8 2500 367.0 367.0 35.0
LM385BMX-1.2/NOPB SoIC D 8 2500 367.0 367.0 35.0
LM385BXMX-1.2/NOPB SoIC D 8 2500 367.0 367.0 35.0
LM385BYMX-1.2/NOPB SOoIC D 8 2500 367.0 367.0 35.0
LM385M3-1.2 SOT-23 DBz 3 1000 210.0 185.0 35.0
LM385M3-1.2/NOPB SOT-23 DBZ 3 1000 210.0 185.0 35.0
LM385M3X-1.2 SOT-23 DBZ 3 3000 210.0 185.0 35.0
LM385M3X-1.2/NOPB SOT-23 DBZ 3 3000 210.0 185.0 35.0
LM385MX-1.2/NOPB SoIC D 8 2500 367.0 367.0 35.0
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PACKAGE OUTLINE
DOO0O8A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

e 228-244 TYP
[5.80-6.19]
PIN 11D AREA
: 8
|
A I
189-.197 — |
[4.81-5.00] -
NOTE 3
]| ] 1
4X (0°-15°) |
- = L
5 T |
- 8X .012-.020 4
.—J«— 150-.157 [0.31-0.51] —=| 069 MAX
[3'\.‘801_}%%18] [@ [.010[0.25[@ [c[A[B] [1.75]
p
o \
| I I I .005-.010 TYP
-.\ J\ J /k [0.13-0.25]
DI 4X(o°-15°)ﬂﬁ/L f
SEE DETAIL A

' t
.8 T .004-.010

[0.11-0.25]

.016-.050

[0.41-1.27] DETAIL A
(.041) TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

[

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

This drawing is subject to change without notice.

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

exceed .006 [0.15] per side.

This dimension does not include interlead flash.

Reference JEDEC registration MS-012, variation AA.

wn

o
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EXAMPLE BOARD LAYOUT
DOO0O8A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 ) «]———‘
[1.55]
SEMM SEE
DETAILS
11
| g
I
8X (.024) T
[0.6] SYMM
_ ) I ¢

—E3 I
! I ! (R.002 ) TYP
—=3 | s b

6X (.050 ) | ‘
[1.27]
~ (-[514?1) — ™
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X
SOLDER MASK SOLDER MASK
METAL fOPENING OPENING‘\ “S"g[g‘;;’k‘ﬂ'féi

\
|
! |
EXPOSE / !
METAL EXPOSED —— ,
METAL
.0028 MAX .0028 MIN
[ ]

0.07] [0.07
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DOO0O8A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

]
8X (.024) T

8X (.061 )
[1.55] SYMM
¢
- |
|

[0.6] SYMM
7777777 S F—
| | | “— (R.002 ) TYP
0.05
;EET | L1 ])s o
6X (.050 ) ! !
[1.27] L J
T (.213) ]
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

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

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

35



GENERIC PACKAGE VIEW
LP 3 TO-92 - 5.34 mm max height

TRANSISTOR CUTLINE

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4040001-2/F
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!’ , PACKAGE OUTLINE

LPOO0O3A e < TO-92 - 5.34 mm max height
TO-92
5.21
4.44
EJECTOR PIN
OPTIONAL
O
432
: — (L5) TYP
| 4 }
i —t
\ T (2.54) [l xSEATING
\ 2% NOTE 3 J‘ ‘L — 1 PLANE H
| 4 MAX ol {
‘ 1 o (0.51) TYP
| [l 6X
‘ | 0.076 MAX
‘ ‘ SEATING Il
| PLANE
‘ 3X | |
‘ ‘ 12.7 MIN Il
‘ ! | |
‘ | Il |l
‘ | | |
|
| )
! | Il
\ 1t
L o L] i - iy L
2X \ ‘ 3y 055 J L b S ——] L
2602 —f=—r 0.38 | ’
f—— 2X 1.27+0.13
FORMED LEAD OPTION
OTHER DIMENSIONS IDENTICAL STRAIGHT LEAD OPTION
TO STRAIGHT LEAD OPTION
: T
2.67
3X 503 4.19
1 Cl—3 - 3.17

2

3 1
L 3.43 MIN 4,‘

4215214/B 04/2017

NOTES:

=

All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

This drawing is subject to change without notice.

Lead dimensions are not controlled within this area.

Reference JEDEC TO-226, variation AA.

Shipping method:

a. Straight lead option available in bulk pack only.

b. Formed lead option available in tape and reel or ammo pack.

c. Specific products can be offered in limited combinations of shipping medium and lead options.

d. Consult product folder for more information on available options.
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EXAMPLE BOARD LAYOUT

LPOO0O3A TO-92 - 5.34 mm max height
TO-92
FULLR
0.05 MAX —={}=—(1.07) —= TYP
ALL AROUND METAL 3X (¢ 0.85) HOLE
TYP / TYP
|
| —2X
METAL
.5 H . 1.5)
~—2x
! ! SOLDER MASK
[ I OPENING
1 2 ‘3
(R0.05) TYP ‘ ! |
w27y ] ; 2X (1.07)
SOLDER MASK \ (2.50) !

OPENING !

LAND PATTERN EXAMPLE

STRAIGHT LEAD OPTION
NON-SOLDER MASK DEFINED
SCALE:15X

0.05 MAX d1.4) 2X (B 1.4)
ALL AROUND METAL
TYP 3X (0.9) HOLE

XZX

(R0.05) TYP 1 3 SOLDER MASK
26) | OPENING
SOLDER MASK ‘
|

OPENING (5.2)

LAND PATTERN EXAMPLE

FORMED LEAD OPTION
NON-SOLDER MASK DEFINED
SCALE:15X

4215214/B 04/2017
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TAPE SPECIFICATIONS

LPOO0O3A TO-92 - 5.34 mm max height
TO-92
e 13.7 ]
‘ 11.7 ‘
| |
| |
| |
| |
\ \
% [ |
— (2.5) TYP | \ | \ T 0.5 MIN
Y 1
iSzéTuuu 1 0 ﬁ{
11.0 ! ! | | 9.75
8.5 | | 8.50
!

N . _ _ L 19.0
17.5

2.9 ﬂ—‘———lk 6.75 @3.7-43TYP
24 TYP 5.95

FOR FORMED LEAD OPTION PACKAGE

4215214/B 04/2017
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MECHANICAL DATA
NDUO002A

SEATING PLANE\
fe——— 500 MIN———= . 080-.105 |=—
[12.71 [2.03-2.671
@214+ 005 M
[5.4440.12]
|
|
{{ :
i
i
! @ .187%.008
! [4.75+0 2]
1
v i
\ I :
1[ 1
1
@.0175£.0015 TYP L)
[0.445%0.038) L
L— 030 MAX
[0.76)
025 MAX ~
[0.64]
UNCONTROLLED
LEAD DIA
CONTROLLING DIMENSION IS INCH
VALUES IN [ | ARE MILLIMETERS
HO2A (Rev F)
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GENERIC PACKAGE VIEW
DBZ 3 SOT-23 - 1.12 mm max height

SMALL OUTLINE TRANSISTOR

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4203227/C

I§ TEXAS
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PACKAGE OUTLINE

DBZ0003A S SOT-23 - 1.12 mm max height
SMALL OUTLINE TRANSISTOR
2.64
2.10
[A]
INDEX APII?’\IIE&j ,
1
0.95

2
0.5
3X 03

@020 c[Ale]

GAGE PLANE

0.20

L J 008 TYP
j

SEATING PLANE

]

v

0.10
001 "'P

4214838/C 04/2017

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.

3. Reference JEDEC registration TO-236, except minimum foot length.
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EXAMPLE BOARD LAYOUT

DBZ0003A SOT-23 - 1.12 mm max height
SMALL OUTLINE TRANSISTOR
PKG
3X (1.3) j ¢
poa |
|
,,,,, .
il | |
2X (0.95) \ | ‘
i | |
| ‘
(R0.05) TYP @)
LAND PATTERN EXAMPLE
SCALE:15X
SOLDER MASK
SOLDER MASK METAL UNDER
OPENING \ METAL SOLDER MASK\ / OPENING

A oo Ao

ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214838/C 04/2017

NOTES: (continued)

4. Publication IPC-7351 may have alternate designs.
5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

INSTRUMENTS
www.ti.com
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EXAMPLE STENCIL DESIGN
DBZ0003A SOT-23 - 1.12 mm max height

SMALL OUTLINE TRANSISTOR

(R0.05) TYP

SOLDER PASTE EXAMPLE
BASED ON 0.125 THICK STENCIL
SCALE:15X

4214838/C 04/2017

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
7. Board assembly site may have different recommendations for stencil design.

INSTRUMENTS
www.ti.com
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the TI products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such TI products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2019, Texas Instruments Incorporated
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MICROCHIP

MCP3004/3008

2.7V 4-Channel/8-Channel 10-Bit A/D Converters
with SPI Serial Interface

Features

.

.

10-bit resolution

+ 1 LSB max DNL

+ 1 LSB max INL

4 (MCP3004) or 8 (MCP3008) input channels
Analog inputs programmable as single-ended or
pseudo-differential pairs

On-chip sample and hold

SPI serial interface (modes 0,0 and 1,1)

Single supply operation: 2.7V - 5.5V

200 ksps max. sampling rate at Vpp = 5V

75 ksps max. sampling rate at Vpp = 2.7V

Low power CMOS technology

5 nA typical standby current, 2 yA max.

500 pA max. active current at 5V

Industrial temp range: -40°C to +85°C
Available in PDIP, SOIC and TSSOP packages

Applications

.

Sensor Interface
Process Control
Data Acquisition
Battery Operated Systems

Functional Block Diagram

Vop Vss
VRErF
F— = — — |- - — =
CHO
CH1 Input
— | |Channel
- Max
CH7*b]
| l Comparator
| | Bampie 10-Bit SAR
an
| Hold
| -
. Shift
| Control Logic F’Register‘
Lo — _

T -+ -

CS/SHDN Djy CLK
* Note: Channels 4-7 are available on MCP3008 Only

Description

The Microchip Technology Inc. MCP3004/3008
devices are successive approximation 10-bit Analog-
to-Digital (A/D) converters with on-board sample and
hold circuitry. The MCP3004 is programmable to
provide two pseudo-differential input pairs or four
single-ended inputs. The MCP3008 is programmable
to provide four pseudo-differential input pairs or eight
single-ended inputs. Differential Nonlinearity (DNL)
and Integral Nonlinearity (INL) are specified at +1 LSB.
Communication with the devices is accomplished using
a simple serial interface compatible with the SPI
protocol. The devices are capable of conversion rates
of up to 200 ksps. The MCP3004/3008 devices operate
over a broad voltage range (2.7V - 5.5V). Low-current
design permits operation with typical standby currents
of only 5 nA and typical active currents of 320 pA. The
MCP3004 is offered in 14-pin PDIP, 150 mil SOIC and
TSSOP packages, while the MCP3008 is offered in 16-
pin PDIP and SOIC packages.

Package Types

PDIP, SOIC, TSSOP
cHod1 ~ 1ahVpp
CH1O2 = 130 Vger
CH203 O 120 AGND
CH3fs § 1pCLK
NCO5 § 100 Doyt
NCOe ® 9ODy
DGND 7 801 CS/SHDN
PDIP, SOIC
cHo 1t~ 161 Vpp
CH1 O2 15 Vrer
CH203 X 14[JAGND
cH3gs Q 13pcik
CH4 05 & 120 Doyr
CH5 06 & 110D
CH6 07 10{J CS/SHDN
CH7 Cl8 91 DGND

© 2008 Microchip Technology Inc.

46

DS21295D-page 1



MCP3004/3008

NOTES:

DS21295D-page 2 © 2008 Microchip Technology Inc.
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MCP3004/3008

1.0 ELECTRICAL

CHARACTERISTICS

Absolute Maximum Ratings T

VDD eeseremeitiiisie et 7.0V
All Inputs and Outputs w.r.t. Vgg ..— 0.6V to Vpp + 0.6V
Storage Temperature —65°C to +150°C
Ambient temperature with power applied....... —65°C to +150°C
Soldering temperature of leads (10 seconds)............. +300°C
ESD Protection On All Pins (HBM).........ccccovoininienninnne >4 kV

ELECTRICAL SPECIFICATIONS

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

Electrical Characteristics: Unless otherwise noted, all parameters apply at Vpp = 5V, Vrgg = 5V,
Ta =-40°C to +85°C, fsampLe = 200 ksps and fo k = 18*fsampLe. Unless otherwise noted, typical values apply for
VDD =5V, TA =+25°C.
Parameter ‘ Sym | Min | Typ ‘ Max | Units ’ Conditions

Conversion Rate
Conversion Time tconv — — 10 clock

cycles
Analog Input Sample Time tsamPLE 1.5 clock

cycles
Throughput Rate fSAMPLE — — 200 ksps VDD = VREF =5V

75 kSpS VDD = VREF =27V
DC Accuracy
Resolution 10 bits
Integral Nonlinearity INL — +0.5 +1 LSB
Differential Nonlinearity DNL — +0.25 +1 LSB | No missing codes over
temperature
Offset Error — — 1.5 LSB
Gain Error — — +1.0 LSB
Dynamic Performance
Total Harmonic Distortion — -76 dB |V|y=0.1Vto4.9V@1 kHz
Signal-to-Noise and Distortion — 61 dB |V|y=0.1Vto4.9V@1 kHz
(SINAD)
Spurious Free Dynamic Range — 78 dB  |[V|N=0.1V 1o 4.9V@1 kHz
Reference Input
Voltage Range 0.25 — Vpp \% Note 2
Current Drain — 100 150 MA |
0.001 3 MA  |CS=Vpp=5V

Analog Inputs
Input Voltage Range for CHO or Vss — VRer \%
CH1 in Single-Ended Mode
Input Voltage Range for IN+ in IN- — VRrep+IN-
pseudo-differential mode
Input Voltage Range for IN- in Vgs-100 — Vgs+100 mV
pseudo-differential mode

Note 1:

This parameter is established by characterization and not 100% tested.

2: See graphs that relate linearity performance to Vrgp levels.

3: Because the sample cap will eventually lose charge, effective clock rates below 10 kHz can affect linearity
performance, especially at elevated temperatures. See Section 6.2 “Maintaining Minimum Clock
Speed”, “Maintaining Minimum Clock Speed”, for more information.

© 2008 Microchip Technology Inc.

48

DS21295D-page 3



MCP3004/3008

ELECTRICAL SPECIFICATIONS (CONTINUED)

Electrical Characteristics: Unless otherwise noted, all parameters apply at Vpp = 5V, Vrgr =5V,
Tp =-40°C to +85°C, fsampLe = 200 ksps and fo k = 18*fsampLe- Unless otherwise noted, typical values apply for
Vpp =5V, Ty =+25°C.

Parameter Sym Min Typ Max Units Conditions

Leakage Current — 0.001 +1 HA

Switch Resistance — 1000 — Q See Figure 4-1

Sample Capacitor — 20 — pF See Figure 4-1

Digital Input/Output

Data Coding Format Straight Binary

High Level Input Voltage Vi 0.7 Vpp — — \%

Low Level Input Voltage ViL — 0.3 Vpp \%

High Level Output Voltage VoH 4.1 — — \ loy =-1mA, Vpp = 4.5V

Low Level Output Voltage VoL — — 0.4 \Y loL =1mA, Vpp =4.5V

Input Leakage Current I -10 — 10 WA | V)N =VssorVpp

Output Leakage Current Lo -10 — 10 WA | Vout =VssorVpp

Pin Capacitance Cins — — 10 pF  |Vpp =5.0V (Note 1)

(All Inputs/Outputs) Cout Tpo=25°C,f=1MHz

Timing Parameters

Clock Frequency fork — — 3.6 MHz |Vpp =5V (Note 3)
1.35 MHz | Vpp = 2.7V (Note 3)

Clock High Time i 125 — — ns

Clock Low Time tlo 125 — — ns

CS Fall To First Rising CLK Edge tsucs 100 — — ns

CS Fall To Falling CLK Edge tcsp — — 0 ns

Data Input Setup Time tsu 50 — — ns

Data Input Hold Time thp 50 — — ns

CLK Fall To Output Data Valid tbo — — 125 ns |Vpp =5V, See Figure 1-2
200 ns | Vpp=2.7V, See Figure 1-2

CLK Fall To Output Enable ten — — 125 ns |Vpp =5V, See Figure 1-2
200 ns |Vpp =2.7V, See Figure 1-2

CS Rise To Output Disable tpis — — 100 ns | See Test Circuits, Figure 1-2

CS Disable Time tosh 270 — — ns

Doyt Rise Time tr — — 100 ns See Test Circuits, Figure 1-2

(Note 1)
Doyr Fall Time te — — 100 ns | See Test Circuits, Figure 1-2
(Note 1)

Note 1: This parameter is established by characterization and not 100% tested.
2: See graphs that relate linearity performance to Vrgp levels.
3: Because the sample cap will eventually lose charge, effective clock rates below 10 kHz can affect linearity
performance, especially at elevated temperatures. See Section 6.2 “Maintaining Minimum Clock
Speed”, “Maintaining Minimum Clock Speed”, for more information.

DS21295D-page 4 © 2008 Microchip Technology Inc.
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MCP3004/3008

ELECTRICAL SPECIFICATIONS (CONTINUED)

Vpp = 5V, T = +25°C.

Electrical Characteristics: Unless otherwise noted, all parameters apply at Vpp = 5V, Vger =5V,
Tpa =-40°C to +85°C, fgampLe = 200 ksps and fo k = 18*fsampLe. Unless otherwise noted, typical values apply for

Parameter ‘ Sym ‘ Min ‘ Typ ‘ Max ‘ Units ‘ Conditions
Power Requirements
Operating Voltage Vbp 2.7 — 5.5 \%
Operating Current Ibp — 425 550 WA |Vpp = VRer =5V,
225 Doyt unloaded
VDD = VREF = 27V,
Doyt unloaded
Standby Current Iobs — 0.005 2 MA |CS=Vpp=5.0V

Note 1: This parameter is established by characterization and not 100% tested.

2: See graphs that relate linearity performance to Vrgr levels.

3: Because the sample cap will eventually lose charge, effective clock rates below 10 kHz can affect linearity
performance, especially at elevated temperatures. See Section 6.2 “Maintaining Minimum Clock

Speed”, “Maintaining Minimum Clock Speed”, for more information.

TEMPERATURE CHARACTERISTICS

Electrical Specifications: Unless otherwise indicated, Vpp = +2.7V to +5.5V, Vgg = GND.

A

Parameters | Sym ’ Min | Typ | Max | Units | Conditions
Temperature Ranges
Specified Temperature Range Ta -40 — +85 °C
Operating Temperature Range Ta -40 — +85 °C
Storage Temperature Range Ta -65 — +150 °C
Thermal Package Resistances
Thermal Resistance, 14L-PDIP A — 70 — °C/w
Thermal Resistance, 14L-SOIC 0, — 108 — °C/wW
Thermal Resistance, 14L-TSSOP 6,a — 100 — °C/W
Thermal Resistance, 16L-PDIP CA7N — 70 — °C/wW
Thermal Resistance, 16L-SOIC 0a — 90 — °C/wW

TcsH
cs L
W.m. ' .
H Lo
C\ /™
CLK

Tsu  THD
DiN MSB IN D X D(
Too Tr Te Tpis
Dout /—{‘l\TULL BIT MSB OUT ><f LSB
FIGURE 1-1: Serial Interface Timing.

© 2008 Microchip Technology Inc.
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MCP3004/3008

1.4V Test Point

VDD W
3 kQ tD s VWWaverorm 2
est Point 3 kQ VDD

Dout Dout O——— tgy Waveform

T CL=100pF T 100pF Vijs Waveform 1
— = SS

Voltage Waveforms for tg, tr Voltage Waveforms for tEN

-Von
-Vor

CLK 1 2 3 4

Dout J;t A B9

ten

Voltage Waveforms for tpg

CLK

Voltage Waveforms for tp g
Dour

cs \um

FIGURE 1-2: Load Circuit for tg, tg tpo. Dout
Waveform 1*

‘ 190%
Tois—= [~

Dout 10%
Waveform 2t

*

Waveform 1 is for an output with internal
conditions such that the output is high,
unless disabled by the output control.

T Waveform 2 is for an output with internal
conditions such that the output is low,
unless disabled by the output control.

FIGURE 1-3: Load circuit for tpg and tgy.

DS21295D-page 6 © 2008 Microchip Technology Inc.
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MCP3004/3008

2.0

TYPICAL PERFORMANCE CHARACTERISTICS

Note:

The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.

Note: Unless otherwise indicated, Vpp = Vrgr =5V, foLk = 18* fsampLe, Ta = +25°C.

1.0

vs. Sample Rate.

1.0
0.8 0.8 - Voo = Vrer =27V
0.6 - 0.6
0.4
~ Positive INL ~ 047 -
m 02 @ 02 Positive INL
7] & o
= 001 = 00
- N
Z 02 Negative INL Z 0.2 Negative INL
0.4 041
0.6 061
0.8 A 0.8
-1.0 ! ! ! - - - - - 10 . . .
0 25 50 75 100 125 150 175 200 225 250 0 25 50 75 100
Sample Rate (ksps) Sample Rate (ksps)
FIGURE 2-1: Integral Nonlinearity (INL) FIGURE 2-4: Integral Nonlinearity (INL)

vs. Sample Rate (Vpp = 2.7V).

10
1.0 08 Vop = Veer = 2.7V _|
0.8 - 0:6 ] fsampLe = 75 ksps
0.6 4 041 \ -
~ 049 Positive INL T oz Positive INL
m 0.2 S %} :
9 < 00
2 00 =
r J Z 02
z 02 — = oa Negative INL
0.4+ Negative INL e
06 1 0.6 4
08 0.8
-1.0 : : : : -1.0 : : . ,
0 1 2 3 4 5 6 0.0 05 1.0 15 2.0 25 3.0
Vrer (V) Vger (V)
FIGURE 2-2: Integral Nonlinearity (INL) FIGURE 2-5: Integral Nonlinearity (INL)
VS. VREF‘ VS. VREF (VDD = 27V)
05 05 ;
Vop = Veee =5V | Voo = Veer=2.7V
041 eie = 200 ksps 047 fquume = 75 ksps
0.3
0.2 4
g 0.1
2 oo 'memw mr
01
0.2
) 0.3
-0.4 0.4
05 : : : : : . 0.5 : : . , ,
0 128 256 384 512 640 768 896 1024 0 128 256 384 512 640 768 896 1024
Digital Code Digital Code
FIGURE 2-3: Integral Nonlinearity (INL) FIGURE 2-6: Integral Nonlinearity (INL)

vs. Code (Representative Part).

vs. Code (Representative Part, Vpp = 2.7V).

© 2008 Microchip Technology Inc.
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MCP3004/3008

Note: Unless otherwise indicated, Vpp = Vreg = 5V, fo k = 18 fsampLe, Ta = +25°C.

0.6
0.4
~ 0.2
)
0
< 0.0
-
Z
024
Negative INL
0.4 4
0.6 T T : : -
-50 25 0 25 50 75 100
Temperature (°C)
FIGURE 2-7: Integral Nonlinearity (INL)

vs. Temperature.

0.6
0.4 /
-
~ 0.0 7
-
8 e ——
-0.2 Negative DNL \
-0.4
-0.6 T T T T T T T T
0 25 50 75 100 125 150 175 200 225 250
Sample Rate (ksps)
FIGURE 2-8: Differential Nonlinearity

(DNL) vs. Sample Rate.

1.0
0.8
0.6
0.4 4 Positive DNL
0.2
0.0 1

021 f Negative DNL

0.4

-0.6

-0.8 /

-1.0 T T T
0 1 2 3 4 5

VREF (V)

DNL (LSB)

0.6
Voo = Veer =27V
0.4 - fsampie = 75 ksps
Positive INL
~ 0.2
o _—
0
< 00
Z ]
= 02 Negative INL
0.4
0.6 T T : :
-50 25 0 25 50 75 100
Temperature (°C)
FIGURE 2-10: Integral Nonlinearity (INL)

vs. Temperature (Vpp = 2.7V).

0.6
Voo = Veer = 2.7V
0.4
@ 027 Positive DNL
n
< 004
-
% -0.2 Negative DNL
0.4 4
0.6 . . ‘
0 % 50 75 100
Sample Rate (ksps)
FIGURE 2-11: Differential Nonlinearity

(DNL) vs. Sample Rate (Vpp = 2.7V).

08
054 Vop = Veer = 2.7V
: fsampLe = 75 ksps
041 Positive DNL
™ 0.2 q
2 00
f 0.2 7 Negative DNL
0 044
-0.6 1
08
-1.0 : : : : :
0.0 05 10 15 2.0 25 3.0
VREF(V)
FIGURE 2-12: Differential Nonlinearity

FIGURE 2-9:
(DNL) VS. VREF‘

Differential Nonlinearity

(DNL) VS. VREF (VDD = 27V)

DS21295D-page 8

© 2008 Microchip Technology Inc.

53



MCP3004/3008

Note: Unless otherwise indicated, Vpp = Vreg = 5V, fo k = 18 fsampLe, Ta = +25°C.

1.0 1.0 T
| Voo = Veer =5V | Voo =Vaer =27V
08 7 fqupie = 200 ksps 087 fouume = 75 ksps
0.6 0.6 4
— 0.4 4 — 0.4 1
D 024 @02
=00 0.0 MMM A
- -
Z 0.2 Z 024
[a) o
-0.4 -0.4 4
0.6 0.6
-0.8 -0.8 1
-1.0 T T T T T T -1.0 T T T T T
0 128 256 384 512 640 768 896 1024 0 128 256 384 512 640 768 896 1024
Digital Code Digital Code
FIGURE 2-13: Differential Nonlinearity FIGURE 2-16: Differential Nonlinearity
(DNL) vs. Code (Representative Part). (DNL) vs. Code (Representative Part,
VDD :27V)
0.6
0.6 Voo = Veer =27V
0s ] 0.4 | Foame =75 ksps
Positive DNL I—
~ 0.2 o 927 Positive DNL
o 7] I
4 2 00 |
= 001 4
3 b4 Negative DNL
[a) !
8024 @@ 0.2
Negative DNL
0.4 1 -0.4 1
06 . . . . -0.6 T T T T
50 25 0 25 50 75 100 -50 -25 0 25 50 75 100
Temperature (°C) Temperature (°C)
FIGURE 2-14: Differential Nonlinearity FIGURE 2-17: Differential Nonlinearity
(DNL) vs. Temperature. (DNL) vs. Temperature (Vpp = 2.7V).
20 8
151 Vep =27V 7\
o 104 fsampLe = 75 ksps o 64
3 051 3_, 5 / :/DD . 5fvzoo ksps
= N
2 004 <
] ]
£ 057 Vop =5V B 3 Vop=2.7V
8 104 foaupLe = 200 ksps 2 ,] fsaupLe = 75 ksps
o
-1.5 4 14
-2.0 T T 0 T T T T
0 1 2 3 4 5 0 1 2 3 4 5
Vrer(V) Vrer (V)
FIGURE 2-15: Gain Error vs. VRer FIGURE 2-18: Offset Error vs. VRep

© 2008 Microchip Technology Inc.
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MCP3004/3008

Note: Unless otherwise indicated, Vpp = Vreg = 5V, fo k = 18 fsampLe, Ta = +25°C.

0.0
|

Vop = Veer = 2.7V
fsampLe = 75 ksps

o
-

Q
)

—_—
Vop =Vrer =5V
fsaupLe = 200 ksps

o
IS

— |

Gain Error (LSB)
. . 5 e .
w

T

Voo = Veer =5V
fsaupLe = 200 ksps

o

g
=}

o
©

Voo = Vrer = 2.7V
fsaupe = 75 ksps

Offset Error (LSB)
o
>

0.5 1
0.6 T u T T
-50 -25 0 25 50 75 100
Temperature (°C)
FIGURE 2-19: Gain Error vs. Temperature.
80 T
Vop = Vrer =5V
07 foaupe = 200 ksps
60 |
o 50 / i
s
40 4
c Vpp = Vrer = 2.7V
0 307 fsawpLe = 75 ksps
20 1
10 4
0
1 10 100
Input Frequency (kHz)
FIGURE 2-20: Signal-to-Noise (SNR) vs.

Input Frequency.

0.4 1
0.2 1
0.0
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FIGURE 2-22: Offset Error vs.
Temperature.
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FIGURE 2-23: Signal-to-Noise and

Distortion (SINAD) vs. Input Frequency.
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FIGURE 2-24: Signal-to-Noise and

Distortion (SINAD) vs. Input Signal Level.
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Note: Unless otherwise indicated, Vpp = Vreg = 5V, fo k = 18 fsampLe, Ta = +25°C.
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FIGURE 2-25: Effective Number of Bits FIGURE 2-28: Effective Number of Bits

(ENOB) VS. VREF‘

(ENOB) vs. Input Frequency.
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FIGURE 2-26: Spurious Free Dynamic FIGURE 2-29: Power Supply Rejection

Range (SFDR) vs. Input Frequency.

(PSR) vs. Ripple Frequency.
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FIGURE 2-27: Frequency Spectrum of FIGURE 2-30: Frequency Spectrum of

10 kHz Input (Representative Part).

1 kHz Input (Representative Part, Vpp = 2.7V).
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Note: Unless otherwise indicated, Vpp = Vreg = 5V, fo k = 18 fsampLe, Ta = +25°C.
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FIGURE 2-31: IDD VS. VDD'

FIGURE 2-34:

IREF VS. VDD'

500

450 /
400
350

300 7 Voo = Ver =5V
250 4 !
200
150
100
50
0 T :
10 100 1000 10000
Clock Frequency (kHz)

Iop (HA)

Vpp = VRer = 2.7V

Vop = Vrer =5V /

Vop = Vegr = 2.7 V

100 1000 10000
Clock Frequency (kHz)

FIGURE 2-32: Ipp vs. Clock Frequency.

FIGURE 2-35:

Ireg Vs. Clock Frequency.
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FIGURE 2-36:

Irer VS. Temperature.
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Note: Unless otherwise indicated, Vpp = Vreg = 5V, fo k = 18 fsampLe, Ta = +25°C.
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FIGURE 2-37: Ipps Vs Vpp- FIGURE 2-39: Analog Input Leakage
Current vs. Temperature.
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FIGURE 2-38: Ipps Vvs. Temperature.
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3.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 3-1.
Additional descriptions of the device pins follows.

TABLE 3-1: PIN FUNCTION TABLE
MCP3004 MCP3008
PD.Ilg’SSO?DIC’ PDIP. SOIC Symbol Description

1 1 CHO Analog Input

2 2 CH1 Analog Input

3 3 CH2 Analog Input

4 4 CH3 Analog Input

- 5 CH4 Analog Input

- 6 CH5 Analog Input

- 7 CH6 Analog Input

- 8 CH7 Analog Input

7 9 DGND Digital Ground

8 10 CS/SHDN Chip Select/Shutdown Input
9 1 Din Serial Data In

10 12 Dout Serial Data Out

1 13 CLK Serial Clock

12 14 AGND Analog Ground

13 15 VREF Reference Voltage Input

14 16 Vbp +2.7V to 5.5V Power Supply
5,6 - NC No Connection

3.1 Digital Ground (DGND)

Digital ground connection to internal digital circuitry.

3.2 Analog Ground (AGND)

Analog ground connection to internal analog circuitry.

3.3 Analog inputs (CHO - CH7)

3.5 Serial Data Input (D))

The SPI port serial data input pin is used to load
channel configuration data into the device.

3.6 Serial Data Output (Doyt)

The SPI serial data output pin is used to shift out the
results of the A/D conversion. Data will always change

Analog inputs for channels 0 - 7, respectively, for the
multiplexed inputs. Each pair of channels can be
programmed to be used as two independent channels
in single-ended mode or as a single pseudo-differential
input where one channel is IN+ and one channel is IN.
See Section 4.1 “Analog Inputs”, “Analog Inputs”,
and Section 5.0 “Serial Communication”, “Serial
Communication”, for information on programming the
channel configuration.

3.4 Serial Clock (CLK)

The SPI clock pin is used to initiate a conversion and
clock out each bit of the conversion as it takes place.
See Section 6.2 “Maintaining Minimum Clock
Speed”, “Maintaining Minimum Clock Speed”, for
constraints on clock speed.

on the falling edge of each clock as the conversion
takes place.

3.7  Chip Select/Shutdown (CS/SHDN)

The CS/SHDN pin is used to initiate communication
with the device when pulled low. When pulled high, it
will end a conversion and put the device in low-power
standby. The CS/SHDN pin must be pulled high
between conversions.

© 2008 Microchip Technology Inc.
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4.0 DEVICE OPERATION

The MCP3004/3008 A/D converters employ a
conventional SAR architecture. With this architecture,
a sample is acquired on an internal sample/hold
capacitor for 1.5 clock cycles starting on the first rising
edge of the serial clock once CS has been pulled low.
Following this sample time, the device uses the
collected charge on the internal sample and hold
capacitor to produce a serial 10-bit digital output code.
Conversion rates of 100 ksps are possible on the
MCP3004/3008. See Section 6.2 “Maintaining Mini-
mum Clock Speed”, “Maintaining Minimum Clock
Speed”, for information on minimum clock rates.
Communication with the device is accomplished using
a 4-wire SPI-compatible interface.

4.1

The MCP3004/3008 devices offer the choice of using
the analog input channels configured as single-ended
inputs or pseudo-differential pairs. The MCP3004 can
be configured to provide two pseudo-differential input
pairs or four single-ended inputs. The MCP3008 can be
configured to provide four pseudo-differential input
pairs or eight single-ended inputs. Configuration is
done as part of the serial command before each
conversion begins. When used in the pseudo-
differential mode, each channel pair (i.e., CHO and
CH1, CH2 and CH3 etc.) are programmed as the IN+
and IN- inputs as part of the command string transmit-
ted to the device. The IN+ input can range from IN- to
(VRer + IN-). The IN- input is limited to +100 mV from
the Vgg rail. The IN- input can be used to cancel small
signal common-mode noise, which is present on both
the IN+ and IN- inputs.

When operating in the pseudo-differential mode, if the
voltage level of IN+ is equal to or less than IN-, the
resultant code will be oooh. If the voltage at IN+ is
equal to or greater than {[Vrgr + (IN-)] - 1 LSB}, then
the output code will be 3FFh. If the voltage level at IN-
is more than 1 LSB below Vgg, the voltage level at the
IN+ input will have to go below Vgg to see the 000h
output code. Conversely, if IN- is more than 1 LSB
above Vgg, the 3FFh code will not be seen unless the
IN+ input level goes above Vrgp level.

Analog Inputs

For the A/D converter to meet specification, the charge
holding capacitor (CgavpLe) must be given enough
time to acquire a 10-bit accurate voltage level during
the 1.5 clock cycle sampling period. The analog input
model is shown in Figure 4-1.

This diagram illustrates that the source impedance (Rg)
adds to the internal sampling switch (Rgs) impedance,
directly affecting the time that is required to charge the
capacitor (CgampLe)- Consequently, larger source
impedances increase the offset, gain and integral
linearity errors of the conversion (see Figure 4-2).

4.2

For each device in the family, the reference input
(Vrer) determines the analog input voltage range. As
the reference input is reduced, the LSB size is reduced
accordingly.

Reference Input

EQUATION 4-1: LSB SIZE CALCULATION

V,
LSB Size = —REE
1024

The theoretical digital output code produced by the A/D
converter is a function of the analog input signal and
the reference input, as shown below.

EQUATION 4-2: DIGITAL OUTPUT CODE
CALCULATION
. 1024 xV |y
Digital Output Code = ————
REF
Where:
Vin = analog input voltage
VRer =  analog input voltage

When using an external voltage reference device, the
system designer should always refer to the
manufacturer’s recommendations for circuit layout.
Any instability in the operation of the reference device
will have a direct effect on the operation of the A/D
converter.

© 2008 Microchip Technology Inc.
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w
L

Vop
T Sampling
Switch
........ V1 =0.6V
! Rss! CHx 'SS Rg=1kQ
: : * \ 4 o\ —\\\—
3 : l c T ‘ CsampLE
‘ @ . PIN = LEAKAGE —— = DAC capacitance
' ! V1 =0.6V p
PN T7PF T +1 nA T =20 pF
B - - ] Vss
Legend
VA = Signal Source ILeakage = Leakage Current At The Pin
Due To Various Junctions

Rgg = Source Impedance SS = sampling switch

CHx = Input Channel Pad Rg = sampling switch resistor

Cpin = Input Pin Capacitance CsampLe = sample/hold capacitance

V1 = Threshold Voltage
FIGURE 4-1: Analog Input Model.
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FIGURE 4-2:

0.1 LSB deviation in INL from nominal

conditions.
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5.0 SERIAL COMMUNICATION TABLE 5-1: CONFIGURE BITS FOR THE
o . ) ) MCP3004
Communication with the MCP3004/3008 devices is -
accomplished using a standard SPI-compatible serial Control Bit
interface. Initiating communication with either device is Selections Input Channel
don_e by bringing the CS que low (see Eigure §-1 ). If the Single/ . Configuration | Selection
device was powered up with the CS pin low, it must be piff | P2*|D1| DO
brought high and back low to initiate communication.
The first clock received with CS low and Dyy high will 1 X 1 0] 0| single-ended CHO
constitute a start bit. The SGL/DIFF bit follows the start 1 X 10 1 single-ended CH1
blt_ and_ will determine |_f the conversion will be done 1 X | 1 | 0| single-ended CH2
using single-ended or differential input mode. The next -
three bits (DO, D1 and D2) are used to select the input 1 X |1 1 single-ended CH3
channel configuration. Table 5-1 and Table 5-2 show 0 X]10]0 differential | CHO = IN+
the configuration bits for the MCP3004 and MCP3008, CH1 =IN-
respectively. The device will begin to sample the 0 X101 differential CHO = IN-
analog input on the fourth rising edge of the clock after CH1 = IN+
the start bit has been received. The sample period will - - -
end on the falling edge of the fifth clock following the 0 Xp1o differential %:23__ l::r
start bit. D
L ) ) 0 X111 differential CH2 = IN-
Once the DO bit is input, one more clock is required to CH3 = IN+
complete the sample and hold period (Dyy is a “don’t e —— "
care” for this clock). On the falling edge of the next D2 is “don’t care” for MCP3004
clock, the device will output a low null bit. The next 10
clocks will output the result of the conversion with MSB TABLE 5-2: CONFIGURE BITS FOR THE
first, as shown in Figure 5-1. Data is always output from MCP3008
the device on the falling edge of the clock. If all 10 data Control Bit
bits have been transmitted and the device continues to Selections
receive clocks while the CS is held low, the device will Input Channel
output the conversion result LSB first, as is shown in Single | o, | 5 Do Configuration | Selection
Figure 5-2. If more clocks are provided to the device IDiff
while CS is still low (after the LSB first data has been -
transmitted), the device will clock out zeros indefinitely. ! 0 0 | 0| single-ended CHO
. . - . 1 0 0|1 single-ended CH1
If necessary, it is possible to bring CS low and clock in -
leading zeros on the Dy line before the start bit. This is 1 0 1|0 | single-ended CH2
often done when dealing with microcontroller-based 1 0 | 1| 1| single-ended CH3
SPI ports that must send 8 bits at a time. Refer to 1 1 0 | 0 | single-ended CH4
Section 6.1 “Using the MCP3004/3008 with Micro- 1 1 N single-ended ch5
controller (MCU) SPI Ports”, “Using the MCP3004/
3008 with Microcontroller (MCU) SPI Ports”, for more 1 1 ] 110 ] single-ended CHé
details on using the MCP3004/3008 devices with 1 1 1 1 single-ended CH7
hardware SP! ports. 0 | oo o] diferential |CHO=IN+
CH1 = IN-
0 0|01 differential CHO = IN-
CH1 = IN+
0 0 110 differential CH2 = IN+
CH3 = IN-
0 0|11 differential CH2 = IN-
CH3 = IN+
0 1 0|0 differential CH4 = IN+
CH5 = IN-
0 1 0|1 differential CH4 = IN-
CH5 = IN+
0 1 110 differential CH6 = IN+
CH7 = IN-
0 1 1 1 differential CH6 = IN-
CH7 = IN+
© 2008 Microchip Technology Inc. DS21295D-page 19
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\ tcye | tove

o -] [52[07] oo S e Cere T [ 57

SGL/ SGL/
DIFF DIFF
HI-Z
Dout
tcony I
tsampLE toaTa

* After completing the data transfer, if further clocks are applied with CS low, the A/D converter will output LSB
first data, then followed with zeros indefinitely. See Figure 5-2 below.

** thaTa: during this time, the bias current and the comparator powers down while the reference input becomes
a high-impedance node.

FIGURE 5-1: Communication with the MCP3004 or MCP3008.
, tcye ‘
cs ] [tesul
_—‘ F’tsucs | Power Down |
I 1
S ik 8
Start
i
SGL/
DIFF
DOUT HI_Z ’\é\::l B9} B8] B7] B6} B5] B4[ B3| B2} B1] BO| B1I B2 B3} B4] B5{ B6} B7] B8] B9 HI-Z
(MSB) |
{SAMBLE tcony toaTa ** |

* After completing the data transfer, if further clocks are applied with CS low, the A/D converter will output zeros
indefinitely.

** tpaTa: During this time, the bias circuit and the comparator powers down while the reference input becomes
a high-impedance node, leaving the CLK running to clock out LSB first data or zeroes.

FIGURE 5-2: Communication with MCP3004 or MCP3008 in LSB First Format.
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6.0 APPLICATIONS INFORMATION

6.1 Using the MCP3004/3008 with

Microcontroller (MCU) SPI Ports

With most microcontroller SPI ports, it is required to
send groups of eight bits. It is also required that the
microcontroller SPI port be configured to clock out data
on the falling edge of clock and latch data in on the
rising edge. Because communication with the
MCP3004/3008 devices may not need multiples of
eight clocks, it will be necessary to provide more clocks
than are required. This is usually done by sending
‘leading zeros’ before the start bit. As an example,
Figure 6-1 and Figure 6-2 shows how the MCP3004/
3008 can be interfaced to a MCU with a hardware SPI
port. Figure 6-1 depicts the operation shown in SPI
Mode 0,0, which requires that the SCLK from the MCU
idles in the ‘low’ state, while Figure 6-2 shows the sim-
ilar case of SPI Mode 1,1, where the clock idles in the
‘high’ state.

As is shown in Figure 6-1, the first byte transmitted to
the A/D converter contains seven leading zeros before
the start bit. Arranging the leading zeros this way
induces the 10 data bits to fall in positions easily
manipulated by the MCU. The MSB is clocked out of
the A/D converter on the falling edge of clock number
14. Once the second eight clocks have been sent to the
device, the MCU receive buffer will contain five
unknown bits (the output is at high-impedance for the
first two clocks), the null bit and the highest order 2 bits
of the conversion. Once the third byte has been sent to
the device, the receive register will contain the lowest
order eight bits of the conversion results. Employing
this method ensures simpler manipulation of the
converted data.

Figure 6-2 shows the same thing in SPI Mode 1,1,
which requires that the clock idles in the high state. As
with mode 0,0, the A/D converter outputs data on the
falling edge of the clock and the MCU latches data from
the A/D converter in on the rising edge of the clock.

. Start
MCU Transmitted Data Bit

CsS MCU latches data from A/D
converter on rising edges of SCLK
SCLK
Data is clocked out of
A/D converter on falling edges
SGL/ g
Diy farl_522 J2fe1)e)
HI-Z NULL
e B R

Cgtofdodg e [0 oJo oo o o 1]

BiEd p2[ p1]po] x [ x [ x [ x|

DX [x[x[x[x[x[x]

MCU Received Data

(Aligned with rising |»_, |»_, |? |?|? |?|?|?|

(2121 2] 7] 7 ndfeoles]

[B7]B6[B5]B4] B3] B2[B1[BO]

edge of clock)
\ ||

Data stored into MCU receive

X = “Don’t Care” Bits gegiitsster after transmission of first

Data stored into MCU receive
register after transmission of
second 8 bits

Data stored into MCU receive
register after transmission of last
8 bits

FIGURE 6-1:
(Mode 0,0: SCLK idles low).

SPI Communication with the MCP3004/3008 using 8-bit segments
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@ MCU latches data from A/D converter
on rising edges of SCLK i i l i i i i i i i i i i i i i
SCLK 11 (2| [3] |4] |5] |6] |7 8 9 11 16 9 21 24
Data is clocked outof AD _ § } tot oyt

converter on falling edges
Diy suart 5802} 01/DO)
HI-Z NULL
Dour orjes)_ee o7 oo} ms) eekes) ez )

sdutioive 515 To o[ oo 1] E¥o2looo x[x[x[x] [XIXIXIX[X[X[X[X]

Winedtatrisng” (212222 2] ] 7] [2]2[2[7 ]2 [@eo[es]
|

[B7]Be| B5] B4] B3] B2[ B1] BO|
edge of clock) |

Data stored into MCU receive Data stored into MCU receive Data stored into MCU receive
. register after transmission of first register after transmission of register after transmission of last
X ="Don't Care” Bits 8 bits second 8 bits 8 bits

FIGURE 6-2: SPI Communication with the MCP3004/3008 using 8-bit segments (Mode 1,1: SCLK idles high).
6.2 Maintaining Minimum Clock Speed Low-pass (anti-aliasing) filters can be designed using

o . Microchip’s free interactive FilterLab® software.
When the MCP3004/3008 initiates the sample period, FilterLab will calculate capacitor and resistors values,
charge is stored on the sample capacitor. When the as well as determine the number of poles that are
sample period is complete, the device converts one bit required for the application. For more information on fil-
for each clock that is received. It |s_|mportant for the tering signals, see AN699, “Anti-Aliasing Analog Filters
user to note that a slow clock rate will allow charge to for Data Acquisition Systems”.

bleed off the sample capacitor while the conversion is
taking place. At 85°C (worst case condition), the part

will maintain proper charge on the sample capacitor for Vop
at least 1.2 ms after the sample period has ended. This 10 uF
means that the time between the end of the sample Rgfgggéé |

period and the time that all 10 data bits have been
clocked out must not exceed 1.2 ms (effective clock
frequency of 10 kHz). Failure to meet this criterion may
introduce linearity errors into the conversion outside
the rated specifications. It should be noted that during
the entire conversion cycle, the A/D converter does not
require a constant clock speed or duty cycle, as long as
all timing specifications are met.

6.3 Buffering/Filtering the Analog
Inputs

If the signal source for the A/D converter is not a low-

impedance source, it will have to be buffered or FIGURE 6-3: The MCP601 Operational
inaccurate conversion results may occur (see Figure 4- Amplifier is used to implement a second order
2). It is also recommended that a filter be used to anti-aliasing filter for the signal being converted
eliminate any signals that may be aliased back in to the by the MCP3004

conversion results, as is illustrated in Figure 6-3, where
an op amp is used to drive, filter and gain the analog
input of the MCP3004/3008. This amplifier provides a
low-impedance source for the converter input, plus a
low-pass filter, which eliminates unwanted high-
frequency noise.
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6.4

When laying out a printed circuit board for use with
analog components, care should be taken to reduce
noise wherever possible. A bypass capacitor should
always be used with this device and should be placed
as close as possible to the device pin. A bypass
capacitor value of 1 pyF is recommended.

Layout Considerations

Digital and analog traces should be separated as much
as possible on the board, with no traces running
underneath the device or bypass capacitor. Extra
precautions should be taken to keep traces with high-
frequency signals (such as clock lines) as far as
possible from analog traces.

Use of an analog ground plane is recommended in
order to keep the ground potential the same for all
devices on the board. Providing Vpp connections to
devices in a “star” configuration can also reduce noise
by eliminating return current paths and associated
errors (see Figure 6-4). For more information on layout
tips when using A/D converters, refer to ANG88,
“Layout Tips for 12-Bit A/D Converter Applications”.

Vbb
Connection
Device 1 Device 4
Device 3|
Device 2
FIGURE 6-4: Vpp traces arranged in a

‘Star’ configuration in order to reduce errors
caused by current return paths.

6.5 Utilizing the Digital and Analog

Ground Pins

The MCP3004/3008 devices provide both digital and
analog ground connections to provide additional
means of noise reduction. As is shown in Figure 6-5,
the analog and digital circuitry is separated internal to
the device. This reduces noise from the digital portion
of the device being coupled into the analog portion of
the device. The two grounds are connected internally
through the substrate which has a resistance of 5-10Q.

If no ground plane is utilized, both grounds must be
connected to Vgg on the board. If a ground plane is
available, both digital and analog ground pins should
be connected to the analog ground plane. If both an
analog and a digital ground plane are available, both
the digital and the analog ground pins should be
connected to the analog ground plane. Following these
steps will reduce the amount of digital noise from the
rest of the board being coupled into the A/D converter.

Vbp
r——— - r——-— - - bl
/ MCP3004/08 |
// Digital Side Analog Side :
-SPI Interface -Sample Cap
{ -Shift Register -Capacitor Array| |
\ -Control Logic -Comparator |
\ Substrate |
\ 5-10Q I
Ve | — — — ] | — — 2
DGND AGND
0.1 pF—=
T
O O 4)
Analog Ground Plane
FIGURE 6-5: Separation of Analog and

Digital Ground Pins.
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7.0 PACKAGING INFORMATION

7.1 Package Marking Information

14-Lead PDIP (300 mil) Example:
ke e e M e e Moo
XXXXXXXXXXXXXX MCP3004
XXXXXXXXXXXXXX 1IPE3
o R\ YYWWNNN o R 0819256
S (NS S ) B S R S8 SR S O S R
14-Lead SOIC (150 mil) Example:
00000010 000000
XXXXXXXXXXX MCP3004
XXXXXXXXXXX ISL@&3
O @YYWWNNN O ﬁ\ 0819256

INIRININIRIN INIRIRIRIRIN

14-Lead TSSOP (4.4mm) * Example:
IR OO

R\ Yyww R\ 1819
() NWN () 26
IR IR

Legend: XX..X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
wWw Week code (week of January 1 is week ‘01’)
NNN Alphanumeric traceability code
@ Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator (@
can be found on the outer packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available characters
for customer-specific information.

© 2008 Microchip Technology Inc. DS21295D-page 25
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Package Marking Information (Continued)

16-Lead PDIP (300 mil) (MCP3008) Example:

M re Mo,
XXXXXXXXXXXXXX MCP3008-I/P @3
XXXXXXXXXXXXXX

o R\ YYWWNNN o R 0819256

LGSR RIS AL R E LS

16-Lead SOIC (150 mil) (MCP3008) Example:

00000010 0000010
XXXXXXXXXXXXX MCP3008
XXXXXXXXXXXXX I/SL@3

O @ YYWWNNN O c\ 0819256

INIRIRINIRIN INIRINIRININ

DS21295D-page 26 © 2008 Microchip Technology Inc.
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14-Lead Plastic Dual In-Line (P) — 300 mil Body [PDIP]

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

NOTE 1 *
BN //;// E1
/.

E—=]

s

b e eB
Units INCHES
Dimension Limits MIN NOM MAX
Number of Pins N 14
Pitch e .100 BSC
Top to Seating Plane A - - 210
Molded Package Thickness A2 115 1130 195
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .290 .310 .325
Molded Package Width E1 .240 .250 .280
Overall Length D .735 .750 775
Tip to Seating Plane L 115 130 150
Lead Thickness c .008 .010 .015
Upper Lead Width b1 .045 .060 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

Notes:
1. Pin 1 visual index feature may vary, but must be located with the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-005B

© 2008 Microchip Technology Inc. DS21295D-page 27
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14-Lead Plastic Small Outline (SL) — Narrow, 3.90 mm Body [SOIC]

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

D

Q00000

NOTE 1 —— |

m —]|

|

=

Sy b=
Units MILLIMETERS

Dimension Limits MIN NOM | MAX
Number of Pins N 14
Pitch e 1.27 BSC
Overall Height A - - 1.75
Molded Package Thickness A2 1.25 - -
Standoff § A1 0.10 - 0.25
Overall Width E 6.00 BSC
Molded Package Width E1 3.90 BSC
Overall Length D 8.65 BSC
Chamfer (optional) h 0.25 - 0.50
Foot Length L 0.40 - 1.27
Footprint L1 1.04 REF
Foot Angle ¢ 0° - 8°
Lead Thickness c 0.17 - 0.25
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 5° - 15°
Mold Draft Angle Bottom B 5° - 15°

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

. § Significant Characteristic.

2
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-065B
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8-Lead Plastic Small Outline (SN) — Narrow, 3.90 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

M

LI & |1

/ SILK SCREEN
- Y1
B B
RECOMMENDED LAND PATTERN
Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX

Contact Pitch E 1.27 BSC

Contact Pad Spacing C 5.40

Contact Pad Width (X8) X1 0.60
Contact Pad Length (X8) Y1 1.55

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2057A

© 2008 Microchip Technology Inc. DS21295D-page 29
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14-Lead Plastic Thin Shrink Small Outline (ST) — 4.4 mm Body [TSSOP]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

D

INANN0

NOTE 1 -/

+ R
A Y| ™ LJ—\ 0

W1 ol

L1 = L
Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 14
Pitch e 0.65BSC
Overall Height A - - 1.20
Molded Package Thickness A2 0.80 1.00 1.05
Standoff A1 0.05 - 0.15
Overall Width E 6.40 BSC
Molded Package Width E1 4.30 4.40 4.50
Molded Package Length D 4.90 5.00 5.10
Foot Length L 0.45 0.60 0.75
Footprint L1 1.00 REF
Foot Angle [} 0° - 8°
Lead Thickness c 0.09 - 0.20
Lead Width b 0.19 - 0.30

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-087B

DS21295D-page 30 © 2008 Microchip Technology Inc.
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16-Lead Plastic Dual In-Line (P) — 300 mil Body [PDIP]

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

j‘_IZ

M Y O
f |
)

LI LT

NOTE 1 \

QN

-~

D

f 4
]
b

fT

A2

—

. o

| |- b | o |——

Units INCHES

Dimension Limits MIN NOM MAX
Number of Pins N 16
Pitch e .100 BSC
Top to Seating Plane A - - .210
Molded Package Thickness A2 115 .130 195
Base to Seating Plane A1 .015 - -
Shoulder to Shoulder Width E .290 .310 .325
Molded Package Width E1 .240 .250 .280
Overall Length D 735 .755 775
Tip to Seating Plane L 115 130 .150
Lead Thickness c .008 .010 .015
Upper Lead Width b1 .045 .060 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-017B

© 2008 Microchip Technology Inc. DS21295D-page 31
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16-Lead Plastic Small Outline (SL) — Narrow, 3.90 mm Body [SOIC]

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
D
N
ININININInININ
[
‘ Pl
777777770777 | =5
750050000
0000 !
[
vore—" [ [[ [ U U U LI 1
1 2 3
— & |——
b
/\ E—4
r |1
A ‘ [ A2
A’I] B -
Units MILLIMETERS
Dimension Limits MIN NOM MAX
Number of Pins N 16
Pitch e 1.27 BSC
Overall Height A - - 1.75
Molded Package Thickness A2 1.25 - -
Standoff § A1 0.10 - 0.25
Overall Width E 6.00 BSC
Molded Package Width E1 3.90 BSC
Overall Length D 9.90 BSC
Chamfer (optional) h 0.25 - 0.50
Foot Length L 0.40 - 1.27
Footprint L1 1.04 REF
Foot Angle ¢ 0° - 8°
Lead Thickness c 0.17 - 0.25
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 5° - 15°
Mold Draft Angle Bottom B 5° - 15°
Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-108B
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16-Lead

Plastic Small Outline (SL) - Narrow, 3.90 mm Body [SOIC]

Note:

For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

Notes:
1. Dim

e
—o 00O

c SILK
G ~~ SCREEN

JouonT

| ———

<

1

x

RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits|  MIN_ | NoMm | MAX
Contact Pitch E 1.27 BSC
Contact Pad Spacing C 5.40
Contact Pad Width X 0.60
Contact Pad Length Y 1.50
Distance Between Pads Gx 0.67
Distance Between Pads G 3.90

ensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2108A

© 2008 Microchip Technology Inc. DS21295D-page 33
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APPENDIX A: REVISION HISTORY

Revision D (December 2008)

The following is the list of modifications:

1. Updates to Section 7.0 “Packaging Informa-
tion”.

Revision C (January 2007)

The following is the list of modifications:
1. Updates to the packaging diagrams.

Revision B (May 2002)

The following is the list of modifications:
1. Undocumented changes.

Revision A (February 2000)

« Initial release of this document.

© 2008 Microchip Technology Inc.
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. X [XX

i 1

Device Temperature  Package

Range

Examples:

Device

Temperature Range

Package

MCP3004:  4-Channel 10-Bit Serial A/D Converter

MCP3004T: 4-Channel 10-Bit Serial A/D Converter
(Tape and Reel)

MCP3008: 8-Channel 10-Bit Serial A/D Converter

MCP3008T: 8-Channel 10-Bit Serial A/D Converter
(Tape and Reel)

I = -40°Cto +85°C (Industrial)

= Plastic DIP (300 mil Body), 14-lead, 16-lead
SL = Plastic SOIC (150 mil Body), 14-lead, 16-lead
ST = Plastic TSSOP (4.4mm), 14-lead

MCP3004-1/P:  Industrial Temperature,
PDIP package.

MCP3004-I/SL: Industrial Temperature,
SOIC package.

MCP3004-I/ST:  Industrial Temperature,
TSSOP package.

MCP3004T-I/ST: Industrial Temperature,
TSSOP package, Tape and
Reel.

MCP3008-I/P:  Industrial Temperature,
PDIP package.
MCP3008-I/SL: Industrial Temperature,

SOIC package.

© 2008 Microchip Technology Inc.

82

DS21295D-page 37



MCP3004/3008

NOTES:

DS21295D-page 38 © 2008 Microchip Technology Inc.

83



Note the following details of the code protection feature on Microchip devices:
. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

—I1S0/TS 16949:2002 —

Trademarks

The Microchip name and logo, the Microchip logo, Accuron,
dsPIC, KeeLoq, KeeLoa logo, MPLAB, PIC, PICmicro,
PICSTART, rfPIC, SmartShunt and UNI/O are registered
trademarks of Microchip Technology Incorporated in the
U.S.A. and other countries.

FilterLab, Linear Active Thermistor, MXDEV, MXLAB,
SEEVAL, SmartSensor and The Embedded Control Solutions
Company are registered trademarks of Microchip Technology
Incorporated in the U.S.A.

Analog-for-the-Digital Age, Application Maestro, CodeGuard,
dsPICDEM, dsPICDEM.net, dsPICworks, dsSPEAK, ECAN,
ECONOMONITOR, FanSense, In-Circuit Serial
Programming, ICSP, ICEPIC, Mindi, MiWi, MPASM, MPLAB
Certified logo, MPLIB, MPLINK, mTouch, PICkit, PICDEM,
PICDEM.net, PICtail, PIC3? logo, PowerCal, Powerlnfo,
PowerMate, PowerTool, REAL ICE, rfLAB, Select Mode, Total
Endurance, WiperLock and ZENA are trademarks of
Microchip Technology Incorporated in the U.S.A. and other
countries.

SQTP is a service mark of Microchip Technology Incorporated
inthe U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2008, Microchip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.

Q Printed on recycled paper.

Microchip received ISO/TS-16949:2002 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures
are for its PIC® MCUs and dsPIC® DSCs, KEELOQ® code hopping
devices, Serial EEPROMs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.

© 2008 Microchip Technology Inc.

84

DS21295D-page 39



MICROCHIP

WORLDWIDE SALES AND SERVICE

AMERICAS
Corporate Office

2355 West Chandler Blvd.
Chandler, AZ 85224-6199
Tel: 480-792-7200

Fax: 480-792-7277
Technical Support:
http://support.microchip.com
Web Address:
www.microchip.com
Atlanta

Duluth, GA

Tel: 678-957-9614

Fax: 678-957-1455

Boston
Westborough, MA
Tel: 774-760-0087
Fax: 774-760-0088
Chicago

Itasca, IL

Tel: 630-285-0071
Fax: 630-285-0075

Dallas

Addison, TX

Tel: 972-818-7423
Fax: 972-818-2924
Detroit
Farmington Hills, MI
Tel: 248-538-2250
Fax: 248-538-2260
Kokomo

Kokomo, IN

Tel: 765-864-8360
Fax: 765-864-8387

Los Angeles
Mission Viejo, CA
Tel: 949-462-9523
Fax: 949-462-9608

Santa Clara

Santa Clara, CA
Tel: 408-961-6444
Fax: 408-961-6445

Toronto
Mississauga, Ontario,
Canada

Tel: 905-673-0699
Fax: 905-673-6509

ASIA/PACIFIC

Asia Pacific Office
Suites 3707-14, 37th Floor
Tower 6, The Gateway
Harbour City, Kowloon
Hong Kong

Tel: 852-2401-1200
Fax: 852-2401-3431
Australia - Sydney
Tel: 61-2-9868-6733
Fax: 61-2-9868-6755
China - Beijing

Tel: 86-10-8528-2100
Fax: 86-10-8528-2104

China - Chengdu
Tel: 86-28-8665-5511
Fax: 86-28-8665-7889

China - Hong Kong SAR
Tel: 852-2401-1200
Fax: 852-2401-3431
China - Nanjing

Tel: 86-25-8473-2460
Fax: 86-25-8473-2470
China - Qingdao

Tel: 86-532-8502-7355
Fax: 86-532-8502-7205
China - Shanghai

Tel: 86-21-5407-5533
Fax: 86-21-5407-5066

China - Shenyang

Tel: 86-24-2334-2829
Fax: 86-24-2334-2393
China - Shenzhen

Tel: 86-755-8203-2660
Fax: 86-755-8203-1760
China - Wuhan

Tel: 86-27-5980-5300
Fax: 86-27-5980-5118

China - Xiamen

Tel: 86-592-2388138
Fax: 86-592-2388130
China - Xian

Tel: 86-29-8833-7252
Fax: 86-29-8833-7256
China - Zhuhai

Tel: 86-756-3210040
Fax: 86-756-3210049

ASIA/PACIFIC

India - Bangalore
Tel: 91-80-4182-8400
Fax: 91-80-4182-8422

India - New Delhi
Tel: 91-11-4160-8631
Fax: 91-11-4160-8632

India - Pune
Tel: 91-20-2566-1512
Fax: 91-20-2566-1513

Japan - Yokohama
Tel: 81-45-471- 6166
Fax: 81-45-471-6122
Korea - Daegu

Tel: 82-53-744-4301
Fax: 82-53-744-4302

Korea - Seoul

Tel: 82-2-554-7200
Fax: 82-2-558-5932 or
82-2-558-5934

Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859

Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068
Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-572-9526
Fax: 886-3-572-6459
Taiwan - Kaohsiung
Tel: 886-7-536-4818
Fax: 886-7-536-4803
Taiwan - Taipei

Tel: 886-2-2500-6610
Fax: 886-2-2508-0102
Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE

Austria - Wels

Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828

Fax: 45-4485-2829
France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
UK - Wokingham

Tel: 44-118-921-5869
Fax: 44-118-921-5820
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LMC6042 CMOS Dual Micropower Operational Amplifier

Check for Samples: LMC6042

FEATURES DESCRIPTION

« Low Supply Current: 10 pJA/Amp (typ) Ultra-low power consumption and low input-leakage
.0 tes from 4.5V to 15V Sinale Suppl current are the hallmarks of the LMC6042. Providing

pera ) 9 pply input currents of only 2 fA typical, the LMC6042 can
+ Ultra Low Input Current: 2 fA (typ) operate from a single supply, has output swing
 Rail-to-Rail Output Swing extending to each supply rail, and an input voltage
range that includes ground.

¢ Input Common-Mode Range Includes Ground

The LMC6042 is ideal for use in systems requiring
APPLICATIONS ultra-low power consumption. In addition, the
insensitivity to latch-up, high output drive, and output

* Battery Monitoring and Power Conditioning swing to ground without requiring external pull-down

¢ Photodiode and Infrared Detector Preamplifier resistors make it ideal for single-supply battery-
« Silicon Based Transducer Systems powered systems.

» Hand-Held Analytic Instruments Other applications for the LMC6042 include bar code
+  pH Probe Buffer Amplifier reader amplifiers, magnetic and electric field

. . detectors, and hand-held electrometers.
e Fire and Smoke Detection Systems

« Charge Amplifier for Piezoelectric Transducers This device is built with TI's advanced Double-Poly

Silicon-Gate CMOS process.

See the LMC6041 for a single, and the LMC6044 for
a quad amplifier with these features.

Connection Diagram

Figure 1. 8-Pin PDIP/SOIC

1 / 8,
OUTPUT A — — v
2 a7 7
INVERTING INPUT A: OUTPUT B
NON-INVERTING _3 | | 6 INVERTING
INPUT A A INPUT B
v LS non-inveRrTiNG
INPUT B

Figure 2. Low-Power Two-Op-Amp Instrumental Amplifier
100

Gain
1910 .
Trim

AAA

VWV

AAA
VWV

9.95k 10k, 0.1%
AAA AAA 10k, 0.1%

VWV VWV

AAA

10k, M

CMPR
Trim

VWV

LMC6042 —e Voyr = 100V,

Q Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date. Copyright © 1999-2013, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas '

Instruments standard warranty. Production processing does not

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

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

Absolute Maximum Ratings ®®@

Differential Input Voltage +Supply Voltage
Supply Voltage (V* - V7) 16V
Output Short Circuit to V* See @
Output Short Circuit to V™ See ¥
Lead Temperature (Soldering, 10 seconds) 260°C
Current at Input Pin +*5 mA
Current at Output Pin +18 mA
Current at Power Supply Pin 35 mA
Power Dissipation See ®
Storage Temperature Range —65°C to +150°C
Junction Temperature 110°C
ESD Tolerance © 500V
Voltage at Input/Output Pin (V") +0.3V, (V) - 0.3V

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Conditions indicate conditions for
which the device is intended to be functional, but do not ensure specific performance limits. For ensured specifications and test
conditions, see the Electrical Characteristics. The ensured specifications apply only for the test conditions listed.

(2) If Military/Aerospace specified devices are required, please contact the Tl Sales Office/Distributors for availability and specifications.

(3) Do not connect output to V*when V* is greater than 13V or reliability may be adversely affected.

(4) Applies to both single-supply operation. Continuous short circuit operation at elevated ambient temperature can result in exceeding the
maximum allowed junction temperature of 110°C. Output currents in excess of +30 mA over long term may adversely affect reliability.

(5) The maximum power dissipation is a function of Tjpax), 834, and Ta. The maximum allowable power dissipation at any ambient
temperature is Pp = (Tymax) = Ta)/6;a.

(6) Human body model, 1.5 kQ in series with 100 pF.

Operating Ratings

Temperature Range LMC6042Al, LMC6042! -40°C £ T; £+85°C
Supply Voltage 45V <V*"<155V
Power Dissipation See M
Thermal Resistance (8;5), @ 8-Pin PDIP 101°C/W
8-Pin SOIC 165°C/W
8-Pin CDIP 115°C/wW

(1) For operating at elevated temperatures the device must be derated based on the thermal resistance 6;5 with Pp = (T; = Ta)/63a.
(2) All numbers apply for packages soldered directly into a PC board.

Electrical Characteristics

Unless otherwise specified, all limits ensured for T, = T, = 25°C. Boldface limits apply at the temperature extremes. V* = 5V,
V™ =0V, Vgy = 1.5V, Vo = V2 and R, > 1M unless otherwise specified.

Symbol Parameter Conditions Typical® | LMC6042Al LMC6042! Units
Limit® Limit@ (Limit)
Vos Input Offset Voltage 1 3 6 mv
3.3 6.3 Max
TCVos Input Offset Voltage 1.3 pv/ieC
Average Drift
Ig Input Bias Current 0.002 4 4 pA (Max)
los Input Offset Current 0.001 2 2 pA (Max)
Rin Input Resistance >10 TeraQ

(1) Typical values represent the most likely parametric norm.
(2) All limits are specified at room temperature (standard type face) or at operating temperature extremes (bold face type).
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Electrical Characteristics (continued)

Unless otherwise specified, all limits ensured for T, = T; = 25°C. Boldface limits apply at the temperature extremes. V* = 5V,
V™ =0V, Vey = 1.5V, Vg = V¥/2 and R, > 1M unless otherwise specified.

. Typical® | LMC6042Al LMC60421 Units
Symbol Parameter Conditions Limit® Limit® (Limit)
CMRR Common Mode 0V < Vey < 12.0V 75 68 62 dB
Rejection Ratio Vvt =15V 66 60 Min
+PSRR | Positive Power Supply 5V <V <15V 75 68 62 dB
Rejection Ratio Vo =25V 66 60 Min
-PSRR | Negative Power Supply oV <V <-10V 94 84 74 dB
Rejection Ratio Vo =25V 83 73 Min
CMR Input Common-Mode V* =5V and 15V -0.4 -0.1 -0.1 \%
Voltage Range For CMRR =50 dB 0 0 Max
V*-1.9v V- 2.3V V*-2.3V \
V*=25V V=24V Min
Ay Large Signal R. =100 kQ @ Sourcing 1000 400 300 Vimv
Voltage Gain 300 200 Min
Sinking 500 180 90 Vimv
120 70 Min
R =25kQ @ Sourcing 1000 200 100 Vimv
160 80 Min
Sinking 250 100 50 Vimv
60 40 Min
Vo Output Swing V=5V 4.987 4.970 4.940 \Y
R, =100 kQ to V*/2 4.950 4910 Min
0.004 0.030 0.060 \
0.050 0.090 Max
VvVt =5V 4.980 4.920 4.870 \
R, = 25 kQ to V*/2 4.870 4.820 Min
0.010 0.080 0.130 \
0.130 0.180 Max
Vvt =15V 14.970 14.920 14.880 \%
R, =100 kQ to V*/2 14.880 14.820 Min
0.007 0.030 0.060 \%
0.050 0.090 Max
Vvt =15V 14.950 14.900 14.850 \
R, =25 kQ to V*/2 14.850 14.800 Min
0.022 0.100 0.150 \
0.150 0.200 Max
Isc Output Current Sourcing, Vo = 0V 22 16 13 mA
V* =5V 10 8 Min
Sinking, Vo = 5V 21 16 13 mA
8 8 Min
Isc Output Current Sourcing, Vo = 0V 40 15 15 mA
V* =15V 10 10 Min
Sinking, Vo = 13V® 39 24 21 mA
8 8 Min

(8) V"=15V, Vgy = 7.5V and R connected to 7.5V. For Sourcing tests, 7.5V < Vg < 11.5V. For Sinking tests, 2.5V < Vg < 7.5V.
(4) Do not connect output to V*when V* is greater than 13V or reliability may be adversely affected.
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Electrical Characteristics (continued)

Unless otherwise specified, all limits ensured for T, = T; = 25°C. Boldface limits apply at the temperature extremes. V* = 5V,
V™ =0V, Vey = 1.5V, Vg = V¥/2 and R, > 1M unless otherwise specified.

. Typical® | LMC6042Al LMC60421 Units

Symbol Parameter Conditions Limit® Limit® (Limit)
Is Supply Current Both Amplifiers 20 34 45 HA
Vo =15V 39 50 Max
Both Amplifiers 26 44 56 HA

V' =15V 51 65 Max

AC Electrical Characteristics

Unless otherwise specified, all limits ensured for T, = T; = 25°C. Boldface limits apply at the temperature extremes. V* = 5V,
V™ =0V, Vey = 1.5V, Vo = V¥2 and R, > 1M unless otherwise specified.

Symbol Parameter Conditions Typ® LMC6042A LMC60421 Unit‘s
Limit® Limit® (Limit)
SR Slew Rate See @ 0.02 0.015 0.010 Vius
0.010 0.007 Min
GBW Gain-Bandwidth Product 100 kHz
Om Phase Margin 60 Deg
Amp-to-Amp Isolation See ¥ 115 dB
en Input-Referred f=1kHz 83 nVAHz
Voltage Noise
in Input-Referred f=1kHz 0.0002 pANHz
Current Noise
T.H.D. Total Harmonic Distortion f=1kHz, Ay=-5
R, =100 kQ, Vo = 2 Vpp 0.01 %
+5V Supply

(1) Typical values represent the most likely parametric norm.

(2) All limits are ensured at room temperature (standard type face) or at operating temperature extremes (bold face type).

(3) V' =15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates.
(4) Input referred V* = 15V and R_ = 100 kQ connected to V*/2. Each amp excited in turn with 100 Hz to produce Vg = 12 Vpp.
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Typical Performance Characteristics
Vg = +7.5V, T, = 25°C unless otherwise specified
Offset Voltage vs
Supply Current vs Temperature of Five
Supply Voltage Representative Units
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Typical Performance Characteristics (continued)
Vg = +7.5V, T, = 25°C unless otherwise specified
Output Characteristics Input Voltage Noise
Current Sourcing vs Frequency
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Figure 9. Figure 10.
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Typical Performance Characteristics (continued)
Vg = +7.5V, T, = 25°C unless otherwise specified
Open-Loop Voltage
Gain

Vs Open-Loop
Temperature Frequency Response
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Figure 15. Figure 16.
Gain and Phase Gain and Phase
Responses vs Response vs
Load Capacitance Temperature
80 80
_ | _ | H Il
@ @
2 60 J 2 80 Ph I
= hase ) = IH
(&) o
40 90 ~ —
] N @ = @
= N I3 = I
3 2 PR ¢ 45 D S 2
> - >
- PN e - e
(=3 L o (")
S 0 —GainH 0 % S 2
| = 1 =y
= - = -
bl &
& &
S -20 - -45 °
””cL:mnpr
1k 10k 100k M
FREQUENCY (Hz) FREQUENCY (Hz)
Figure 17. Figure 18.
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Figure 19. Figure 20.
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Typical Performance Characteristics (continued)

Vg = +7.5V, T, = 25°C unless otherwise specified
Non-Inverting Slew
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Figure 21. Figure 22.
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Figure 23. Figure 24.
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CAPACITIVE LOAD (pF)

Typical Performance Characteristics (continued)
Vg = +7.5V, T, = 25°C unless otherwise specified

Stability
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Figure 27. Figure 28.
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APPLICATIONS HINTS
AMPLIFIER TOPOLOGY

The LMC6042 incorporates a novel op-amp design topology that enables it to maintain rail-to-rail output swing
even when driving a large load. Instead of relying on a push-pull unity gain output buffer stage, the output stage
is taken directly from the internal integrator, which provides both low output impedance and large gain. Special
feed-forward compensation design techniques are incorporated to maintain stability over a wider range of
operating conditions than traditional micropower op-amps. These features make the LMC6042 both easier to
design with, and provide higher speed than products typically found in this ultra-low power class.

COMPENSATING FOR INPUT CAPACITANCE

It is quite common to use large values of feedback resistance with amplifiers with ultra-low input curent, like the
LMC6042.

Although the LMC6042 is highly stable over a wide range of operating conditions, certain precautions must be
met to achieve the desired pulse response when a large feedback resistor is used. Large feedback resistors and
even small values of input capacitance, due to transducers, photodiodes, and circuit board parasitics, reduce
phase margins.

When high input impedances are demanded, guarding of the LMC6042 is suggested. Guarding input lines will
not only reduce leakage, but lowers stray input capacitance as well. (See Printed-Circuit-Board Layout for High
Impedance Work).

Ct
|1
1]

R2

AAA
VVv

1 —0 Vour

Figure 29. Cancelling the Effect of Input Capacitance

The effect of input capacitance can be compensated for by adding a capacitor. Place a capacitor, C;, around the
feedback resistor (as in Figure 29 ) such that:
1 L1
27R1CN  27wR2 C¢ (]_)
or
R1Cy < R2 Gy )

Since it is often difficult to know the exact value of Cyy, C; can be experimentally adjusted so that the desired
pulse response is achieved. Refer to the LMC660 and the LMC662 for a more detailed discussion on
compensating for input capacitance.

CAPACITIVE LOAD TOLERANCE

Direct capacitive loading will reduce the phase margin of many op-amps. A pole in the feedback loop is created
by the combination of the op-amp's output impedance and the capacitive load. This pole induces phase lag at the
unity-gain crossover frequency of the amplifier resulting in either an oscillatory or underdamped pulse response.
With a few external components, op amps can easily indirectly drive capacitive loads, as shown in Figure 30.
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1
Figure 30. LMC6042 Noninverting Gain of 10 Amplifier, Compensated to Handle Capacitive Loads

In the circuit of Figure 30, R1 and C1 serve to counteract the loss of phase margin by feeding the high frequency
component of the output signal back to the amplifier's inverting input, thereby preserving phase margin in the
overall feedback loop.

Capacitive load driving capability is enhanced by using a pull up resistor to V* (Figure 31). Typically a pull up
resistor conducting 10 yA or more will significantly improve capacitive load responses. The value of the pull up
resistor must be determined based on the current sinking capability of the amplifier with respect to the desired
output swing. Open loop gain of the amplifier can also be affected by the pull up resistor (see Electrical
Characteristics).

Vi
IN c

Figure 31. Compensating for Large
Capacitive Loads with a Pull Up Resistor

PRINTED-CIRCUIT-BOARD LAYOUT FOR HIGH-IMPEDANCE WORK

It is generally recognized that any circuit which must operate with less than 1000 pA of leakage current requires
special layout of the PC board. When one wishes to take advantage of the ultra-low bias current of the
LMC6042, typically less than 2 fA, it is essential to have an excellent layout. Fortunately, the techniques of
obtaining low leakages are quite simple. First, the user must not ignore the surface leakage of the PC board,
even though it may sometimes appear acceptably low, because under conditions of high humidity or dust or
contamination, the surface leakage will be appreciable.

To minimize the effect of any surface leakage, lay out a ring of foil completely surrounding the LMC6042's inputs
and the terminals of capacitors, diodes, conductors, resistors, relay terminals etc. connected to the op-amp's
inputs, as in Figure 32. To have a significant effect, guard rings should be placed on both the top and bottom of
the PC board. This PC foil must then be connected to a voltage which is at the same voltage as the amplifier
inputs, since no leakage current can flow between two points at the same potential. For example, a PC board
trace-to-pad resistance of 10'2Q, which is normally considered a very large resistance, could leak 5 pA if the
trace were a 5V bus adjacent to the pad of the input. This would cause a 100 times degradation from the
LMC6042's actual performance. However, if a guard ring is held within 5 mV of the inputs, then even a
resistance of 10*'Q would cause only 0.05 pA of leakage current. See Figure 36 for typical connections of guard
rings for standard op-amp configurations.

Copyright © 1999-2013, Texas Instruments Incorporated Submit Documentation Feedback 11
Product Folder Links: LMC6042

96



LMC6042

SNOS611E —AUGUST 1999—-REVISED MARCH 2013

h

TexAs
INSTRUMENTS

www.ti.com

lOI lOl lOI (©)

-« ) =

o
ouT1
(@)

(_/

L

Guard Ring

Figure 32. Example of Guard Ring in P.C. Board Layout

Figure 33. Inverting Amplifier

R ==}
INPUT -AAAA

1
Guard Ring —p1
1

R1 re
AAA !
VWV T

— Guard Ring —py OUTPUT

INPUT —L

Figure 36. Typical Connections of Guard Rings

The designer should be aware that when it is inappropriate to lay out a PC board for the sake of just a few
circuits, there is another technique which is even better than a guard ring on a PC board: Don't insert the
amplifier's input pin into the board at all, but bend it up in the air and use only air as an insulator. Air is an
excellent insulator. In this case you may have to forego some of the advantages of PC board construction, but
the advantages are sometimes well worth the effort of using point-to-point up-in-the-air wiring. See Figure 37.
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FEEDBACK
CAPACITOR

RESISTOR OP AMP

X

PC Board N

LSOLDER CONNECTION

(Input pins are lifted out of PC board and soldered directly to components. All other pins connected to PC board.)
Figure 37. Air Wiring

Typical Single-Supply Applications
(V+ =5.0 Voc)

The extremely high input impedance, and low power consumption, of the LMC6042 make it ideal for applications
that require battery-powered instrumentation amplifiers. Examples of these types of applications are hand-held
pH probes, analytic medical instruments, magnetic field detectors, gas detectors, and silicon based pressure
transducers.

The circuit in Figure 38 is recommended for applications where the common-mode input range is relatively low
and the differential gain will be in the range of 10 to 1000. This two op-amp instrumentation amplifier features an
independent adjustment of the gain and common-mode rejection trim, and a total quiescent supply current of less
than 20 pA. To maintain ultra-high input impedance, it is advisable to use ground rings and consider PC board
layout an important part of the overall system design (see Printed-Circuit-Board Layout for High Impedance
Work). Referring to Figure 38, the input voltages are represented as a common-mode input V¢ plus a
differential input Vp.

Rejection of the common-mode component of the input is accomplished by making the ratio of R1/R2 equal to
R3/R4. So that where,

R3 _R2

R4 Ri
R3  R2+ RS) Vo

v —E(1+—+
OUT ™R3 R4 RO

(©)

A suggested design guideline is to minimize the difference of value between R1 through R4. This will often result
in improved resistor tempco, amplifier gain, and CMRR over temperature. If RN = R1 = R2 = R3 = R4 then the
gain equation can be simplified:
RN
Vour=2(1+—=—)Vp

( RO) 4)
Due to the “zero-in, zero-out” performance of the LMC6042, and output swing rail-rail, the dynamic range is only
limited to the input common-mode range of OV to Vg — 2.3V, worst case at room temperature. This feature of the
LMC6042 makes it an ideal choice for low-power instrumentation systems.

A complete instrumentation amplifier designed for a gain of 100 is shown in Figure 39. Provisions have been
made for low sensitivity trimming of CMRR and gain.

0.047F R
| AAA
I VW
10k R2
VWA AN R4
R1 a'A'A%
- R3

1 AAA
LMCB042 VWV -
Vew + 1/2\/D +z

S ics0s2>—e—e Vour
Vo - 1/2% +

Figure 38. Two Op-Amp Instrumentation Amplifier
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Figure 39. Low-Power Two-Op-Amp
Instrumentation Amplifier
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Figure 40. Low-Leakage Sample and Hold
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Figure 41. Instrumentation Amplifier

Figure 42.

Vour

1 Hz Square Wave Oscillator
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Figure 43. AC Coupled Power Amplifier
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REVISION HISTORY

Changes from Revision D (March 2013) to Revision E Page

e Changed layout of National Data Sheet to TI format
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp ~ Op Temp (°C) Device Marking Samples
) Drawing Qty @ (®) @) “s)
LMC6042A13 ACTIVE cbip NAB 8 40 TBD Call Tl Call TI LMC6042A10
LMC6042AIM NRND soic D 8 95 TBD Call TI Call Tl -40to 85 LMC60
42AIM
LMC6042AIM/NOPB ACTIVE soic D 8 95 Green (RoHS CU SN Level-1-260C-UNLIM -40to 85 LMC60
& no Sh/Br) 42AIM
LMC6042AIMX/NOPB ACTIVE soic D 8 2500  Green (RoHS CUSN Level-1-260C-UNLIM -40 to 85 LMC60
& no Sh/Br) 42AIM
LMC6042AIN/NOPB ACTIVE PDIP P 8 40 Green (RoHS CU SN Level-1-NA-UNLIM -40 to 85 LMC60
& no Sh/Br) 42AIN
LMC6042IM/NOPB ACTIVE soic D 8 95 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 85 LMC60
& no Sh/Br) 42IM
LMC6042IMX/NOPB ACTIVE soic D 8 2500  Green (RoHS CU SN Level-1-260C-UNLIM -40 to 85 LMC60
& no Sh/Br) 42IM
LMCG6042IN/NOPB ACTIVE PDIP P 8 40 Green (RoHS CU SN Level-1-NA-UNLIM -40 to 85 LMC60
& no Sh/Br) 42IN

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

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

ROHS Exempt: Tl defines "RoHS Exempt” to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

Addendum-Page 1

102




- PACKAGE OPTION ADDENDUM
I3 TExas

INSTRUMENTS

www.ti.com 3-Nov-2018

© Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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{; Texas
INSTRUMENTS

PACKAGE MATERIALS INFORMATION

www.ti.com 2-Sep-2015
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
7'y |<— KO |[¢—P1—»
R R R T
Reel | | — l
Diameter
Cavity +I A0 I<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO0 | Dimension designed to accommodate the component thickness
A W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
_f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
o O O O O OO O O Sprocket Holes
| |
T T
Q1 : Q2 Q1 : Q2
4-—1--A ——-—1-IH
Q3 1 Q4 Q3 1 Q4 User Direction of Feed
| w A | 14
T T
N~
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) [W1(mm)
LMC6042AIMX/NOPB SOIC D 8 2500 330.0 124 6.5 5.4 2.0 8.0 | 12.0 Q1
LMC6042IMX/NOPB SoIC D 8 2500 330.0 12.4 6.5 5.4 2.0 8.0 | 12.0 Q1

Pack Materials-Page 1
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PACKAGE MATERIALS INFORMATION

1) TEXAS
INSTRUMENTS
www.ti.com 2-Sep-2015
TAPE AND REEL BOX DIMENSIONS
F
I
-//
7 ™~
/&(\\ //\
T 7
L~
N
T T
*All dimensions are nominal
Device Package Type [Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LMC6042AIMX/NOPB SOIC D 8 2500 367.0 367.0 35.0
LMC6042IMX/NOPB SOIC D 8 2500 367.0 367.0 35.0

Pack Materials-Page 2
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MECHANICAL DATA
NABOOO8SA

 — AX ———=f

. 400 M
[10.161

MMt

.310  MAX
[7.871

CONTROLLING DIMENSION IS INCH
VALUES IN [ ] ARE MILLIMETERS

8X .055+.010 290-.320 ——=|
[1.4%0.25] [7.37-8.131]
] | ——GLASS SEALANT
.180 MAX —

1200 MAX TYP
{5.08) =
\ L 95" +5°
ex . 125-.200 Gt [De0..060 TYP
[3.18-5.08] VP 8X .010%.002
{0.25%0.051
\ \ s o1sr.003
w | {0.46+0.071 1310+ .410
055 MAX TYP ———sx 100+ 010 [7.87-10.411
(1401 [2.54%0.251 JO8A (Rev M)

I3 TEXAS
INSTRUMENTS
www.ti.com
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PACKAGE OUTLINE
DOO0O8A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

e 228-244 TYP
[5.80-6.19]
PIN 11D AREA
: 8
|
A I
189-.197 — |
[4.81-5.00] -
NOTE 3
]| ] 1
4X (0°-15°) |
- = L
5 T |
- 8X .012-.020 4
.—J«— 150-.157 [0.31-0.51] —=| 069 MAX
[3'\.‘801_}%%18] [@ [.010[0.25[@ [c[A[B] [1.75]
p
o \
| I I I .005-.010 TYP
-.\ J\ J /k [0.13-0.25]
DI 4X(o°-15°)ﬂﬁ/L f
SEE DETAIL A

' t
.8 T .004-.010

[0.11-0.25]

.016-.050

[0.41-1.27] DETAIL A
(.041) TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

[

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

This drawing is subject to change without notice.

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

exceed .006 [0.15] per side.

This dimension does not include interlead flash.

Reference JEDEC registration MS-012, variation AA.

wn

o

INSTRUMENTS
www.ti.com
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EXAMPLE BOARD LAYOUT
DOO0O8A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 ) «]———‘
[1.55]
SEMM SEE
DETAILS
11
| g
I
8X (.024) T
[0.6] SYMM
_ ) I ¢

—E3 I
! I ! (R.002 ) TYP
—=3 | s b

6X (.050 ) | ‘
[1.27]
~ (-[514?1) — ™
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X
SOLDER MASK SOLDER MASK
METAL fOPENING OPENING‘\ “S"g[g‘;;’k‘ﬂ'féi

\
|
! |
EXPOSE / !
METAL EXPOSED —— ,
METAL
.0028 MAX .0028 MIN
[ ]

0.07] [0.07
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

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

INSTRUMENTS
www.ti.com
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EXAMPLE STENCIL DESIGN
DOO0O8A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

]
8X (.024) T

8X (.061 )
[1.55] SYMM
¢
- |
|

[0.6] SYMM
7777777 S F—
| | | “— (R.002 ) TYP
0.05
;EET | L1 ])s o
6X (.050 ) ! !
[1.27] L J
T (.213) ]
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

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

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

INSTRUMENTS
www.ti.com
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MECHANICAL DATA

P (R—PDIP—T8)

PLASTIC DUAL—=IN=LINE PACKAGE

0.260 (6,60)
0.240 (6,10)

g
i
i

Wi

0.070 (1,78)
0.045 (1,14)

0.045 (1,14)
0.030 (0,76)

< 0.020 (0,51) MIN

— T

l T
0.200 (5,08) MAX
L Seating Plane
t (

0.125 (3,18) MIN

—

0.100 (2,54)

0.021 (0,53)
0.015 (0,38)

[-]0.010 (0,25) @

0.325 (8,26)

0.300 (7,62)
TmW s

T
LO430 10,92) J

MAX

4040082/E 04/2010

Gauge Plane

(0,25) NOM

NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001 variation BA.

? Texas
INSTRUMENTS

www.ti.com
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the TI products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such TI products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2019, Texas Instruments Incorporated
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VTB Process Photodiode

VTB8440BH, 8441BH

PACKAGE DIMENSIONS inch (mm)

142 .070 (1.78) .310 (7.87)
(3.60) [060 (1.52) | MINIMUM
CATHODE
f 1
.197 .315 (8.00) 197
{5.00y "M 305 (7.75) (5.00)
‘ L
236 (6.00) .010 .018
7226 (5.74) (0.25) MAX- T {0.46) D'A NOM-
FILTER PROJECTION
CASE 21F 8 mm CERAMIC
CHIP ACTIVE AREA: 008 in? (5.16 mm?)
PRODUCT DESCRIPTION
ABSOLUTE MAXIMUM RATINGS
Planar silicon photodiode in recessed ceramic
p X . Storage Temperature: -20°Cto 75°C
package. The package incorporates an infrared , ‘ o0° .
rejection filter, These diodes have very high ~ OPerating Temperature: 20°C1075°C
shunt resistance and have good blue response.
ELECTRO-OPTICAL CHARACTERISTICS @ 25°C (See also VTB curves, pages 21-22)
VTB8440BH VTB8441BH
SYMBOL CHARACTERISTIC TEST CONDITIONS UNITS
Min. Typ. Max. Min. Typ. Max.
Isc Short Circuit Current H =100 fc, 2850 K 4 5 4 5 PA
TClgc |lsc Temperature Coefficient 2850 K .02 .08 .02 .08 %/°C
Voc Open Circuit Voltage H =100 fc, 2850 K 420 420 mv
TCVoc |Voc Temperature Coefficient 2850 K -2.0 2.0 mV/°C
Ip Dark Current H=0,VR=20V 2000 100 pA
Rsh Shunt Resistance H=0,v=10mV .07 14 GQ
TCRsy  |Rsy Temperature Coefficient H=0,v=10mV -8.0 -8.0 %/°C
C; Junction Capacitance H=0,V=0 1.0 1.0 nF
Mange | Spectral Application Range 330 720 330 720 nm
Ap Spectral Response - Peak 580 580 nm
VeRr Breakdown Voltage 2 40 2 40 v
61p Angular Resp. - 50% Resp. Pt. 150 150 Degrees
NEP Noise Equivalent Power 1.1x 1083 (Typ.) 2.4x 10 (Typ.) W/ JHz
D* Specific Detectivity 2.2 x10 2 (Typ) 9.7x10 2 (1yp) cmHz/W

PerkinElmer Optoelectronics, 22001 Dumberry, Vaudreuil, Canada J7V 8P7

Phone: 877-734-6786 Fax: 450-424-3413

42
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B Python Code

#!/usr/bin /env python3
# —+— coding: utf—-8 —x—

N

import urllib.request
import time

w

import json
7 import webbrowser
s import RPi.GPIO as GPIO

import time

10

1n CS = 29
12 CLK = 31
13 DOUT = 33
14 DIN = 40

15

i GPIO. setmode (GPIO .BOARD)

GPIO. setup (CS, GPIO.OUT)

GPIO. setup (CLK, GPIO.OUT)

GPIO. setup (DOUT, GPIO.IN)
(

=
o N o

1

1

1

20 GPIO. setup (DIN, GPIO.OUT)

21

22 def readADC channel 0():

24 do =

26 GPIO. output (CS, False)

28 GPIO. output (DIN, True)

29

30 GPIO. output (CLK, False)

31 GPIO. output (CLK, True)

32 GPIO. output (CLK, False)

33

34

35 din _control = 71000’

36 for n in din control:

37 if n = "1":

38 GPIO. output (DIN, True)
39

10 else:

11 GPIO. output (DIN, False)
42

43 GPIO. output (CLK, False)
14 GPIO. output (CLK, True)
15 GPIO. output (CLK, False)
16

47 GPIO. output (CLK, False)

48 GPIO. output (CLK, True)

19 GPIO. output (CLK, False)

50

51 for n in range(0,10):
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GPIO. output (CLK, False)
GPIO. output (CLK, True)
GPIO. output (CLK, False)

DOUT _state = GPIO. input (DOUT)
if DOUT state = True:
d0 = do + "1°

else:

d0 = do0 + ’0°

GPIO. output (CS, True)
GPIO. output (DIN, False)

return d0

def read ADC _channel 1():

dl =

GPIO. output (CS, False)
GPIO. output (DIN, True)
GPIO. output (CLK, False)

GPIO. output (CLK, True)
GPIO. output (CLK, False)

din _control = ’1001"°
for n in din control:
if n= ’"1":

GPIO. output (DIN, True)

else:
GPIO. output (DIN, False)

GPIO. output (CLK, False)
GPIO. output (CLK, True)
GPIO. output (CLK, False)

GPIO. output (CLK, False)
GPIO. output (CLK, True)
GPIO. output (CLK, False)

for n in range(0,10):
GPIO. output (CLK, False)
GPIO. output (CLK, True)
GPIO. output (CLK, False)

DOUT _state = GPIO. input (DOUT)

if DOUT state = True:
dl = d1 + '1°
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135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151

152

153
154
155

156

else:

dl = d1 + ’0°

GPIO. output (CS, True)
GPIO. output (DIN, False)

return dl

def calc_volts 0(dO0):

d0_int = int(d0,2)
volts 0 = 5.0xd0_int / 1023
volts 0 = round(volts 0, 6)

return volts 0

def calc_volts 1(dl):

dl_int = int(d1,2)
volts 1 = 5.0xdl_int / 1023
volts 1 = round(volts 1, 3)

return volts 1

ID1 = input("Input Weather Station 1 ID: \n\nTo find weather station ID’s, go to:\
nhttps://www. wunderground .com/wundermap?lat=35.1&lon=—92.35&cm_ven=localwx wumap

n'").upper ()

current temp data = []
feelslike temp data = []
solarradiation data = |[]
hour data = []

minute data = |[]

second data = []

hr precip data = []
precip today data = []
sensor _data = []
resistor data = []

try:
FN = True
check = 0
while FN — True:

weather = (’https://api—ak.wunderground.com/api/d8585d80376a429¢/conditions/
labels/lang :EN/units:english/bestfct:1/v:2.0/q/pws: +ID1+’. json )

now = time.localtime ()

hour local = now|[3]
minute local = now[4]
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157 if minute local <10:

158 minute local = 0’ + str(minute local)

159 if hour local >=12:

160 hour local —= 12

161 local _time = str (hour_local) + ':’ + str(minute_local) + * PM’

162 else:

163 local time = str (hour local) + ’:’ + str(minute local) + ~ AM’

164

165

166 weather = json.loads(urllib.request.urlopen(weather).read().decode( utf8’))

167

168 weather icon = weather | current observation’|[ ’icon ]

69

170 latitude = weather [ ’response’ ][ location’|[’latitude ’]

171

172 longitude = weather | response’|[’location’][ 'longitude’]

173

174 year = weather | response’|[ ’date’|[ year’]

175

176 month = weather [ 'response’|[ ’date’ ][ month’ |

177

178 day = weather [ ’response’|[ "date’ ][ *day’]

179

180 city name = weather [’ response’]|[ location’|[ ’city’] + ", " + weather[’
response ’|[ ’location ’|[ country ’ |

181

182 main text = weather[’current observation’|[’condition ]

183

184 hour json = weather | response’|[ ’date’|[ "hour’]

185 hour data.append(str (hour json))

186

187 min_json = weather [ 'response’|[ ’date’|[ 'min’ ]|

188 minute data.append(str (min_json))

189

190 sec_json = weather | response’|[ ’date’|[ sec’]

191 second data.append(str(sec_ json))

192

193 temperature = weather[’current observation’|[ temperature’]

194 current temp data.append(str(temperature))

195

196 feels like = weather[’current observation’ ][’ feelslike 7]

197 feelslike temp data.append(str(feels like))

198

199 solarradiation = weather|[’current observation’|[’solarradiation ’]

200 solarradiation data.append(str(solarradiation))

201

202 precip today = weather [’ current observation’|[ ' precip today’]

203 precip_today data.append(str (precip today))

204

205 hr precip = weather| ’current observation’|[ precip 1lhr’|

206 hr precip data.append(str (hr_ precip))

207

208 d0 = readADC _channel 0()

209 dl = readADC channel 1()
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244

245

246

248

float vout 0 = calc_volts 0(d0)
float _vout 1 = calc_volts 1(dl)
vout diode = str(float vout 0)
vout resistor = str (float vout 1)
sensor data.append (vout diode)
resistor data.append(vout resistor)

print (’\n")

print (hour json)

print (min_json)

print (year,’/’ ,month,’/’ day)

"\n7)

"Latitude : 7, latitude)
"Longitude: ’, longitude)
weather icon)

city name)

main _text)

temperature)
solarradiation)

"local time: ’, local time)

"\n’)

print
print
print
print
print
print
print
print
print
print

PR

7

f = open(’current conditions.html’,

w’)

text solarradiation = str(solarradiation)

text precip today = str(precip today)
text hr precip = str(hr_ precip)

text temperature = str(temperature)
text feels like = str(feels like)
text sensor data = vout diode

text month = str (month)
text _day = str(day)

text year = str(year)
text hr = str (hour_ json)
text min = str(min_json)
message = """<html>
<head>

<style>body {background—color: black;
hl {color: white}

image {width: 100%}

* |

box—sizing: border—box;
}

.column {
float: left ;
width: 33.33%;
padding: 10px;
height: 300px;
}
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264
265
266
267
268
269
270
271
272
273
274
275

277
278
279

281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297

298

299
300
301
302
303
304
305
306
307
308

309

.row: after {

content: "";

display: table;

clear: both;

}

</style ></head>

<title >Current Conditions</title >

<body>
<hl1>Current Conditions for Weather Station """+IDI1+"""</hl>
<h2>Weather Station Location """+city name+"""<br></h2>

<h4>"""+local time+"""<br></h4>
<h4>vl n "+text_m0nth+" nn / nn "+teXt_day+" nn / nn H+text_year+ll n ll<br></h4>

<p><img src="icons/"""+weather icon+""" .bmp" alt="Weather Icon Not Found"
></p>
<p>Condition: """+main text+"""</p>

<div class="row">
<div class="column">
<h2>Temperature</h2>

<p>Temperature: """+text temperature+"""&degF</p>
<p>Feels Like: """+text feels like+"""&degF</p>
</div>

<div class="column">

<h2>Light </h2>

<p>Solar Radiation: """+text solarradiation+""" W/m<sup>2</sup></p>
<p>Sensor: """+text sensor datat+""" V</p>

</div>

<div class="column">
<h2>Precipitation </h2>

<p>Total Precipitation: """+4text precip today+""" in</p>

<p>Hour Precipitation: """+text hr precip+""" in</p>

</div>

</div>

<p>Last update from weather underground: """4text hr+""":"""+text mint+""" </
p>

</body>

o A

f.write (message)

f.close ()

webbrowser.open( ’current conditions.html’)

check = check + 1

time . sleep (5)

if check = 5:

FN = False

datafile radiation = open("Diode Sensor Data for Timed Run 1.txt", "w")

for n in range (len(solarradiation data)):
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316 datafile radiation.write(str (hour data|n| + ’\t’ + minute data|[n]| + ’\t’ +
second data[n] + ’\t’ + solarradiation data[n] + ’\t’ + sensor data|n| + '\n’))

317

318 datafile radiation.close ()

319

320

321 datafile radiation = open("Resistor Sensor Data for Timed Run 1.txt", "w")

322 for n in range (len(solarradiation data)):

323 datafile radiation.write(str (hour data[n] + ’\t’ + minute data[n] + ’\t’ +
second data[n] + ’\t’ + solarradiation data[n] + ’\t’ + resistor data[n] + '\n’))

324

325 datafile radiation.close ()

326

327

328 datafile other = open("Other Data for Timed Run 1.txt", "w")

329 for n in range (len(solarradiation data)):

330 datafile other.write(str (hour data[n] + ’\t’ + minute data[n] + '\t’ +
second data[n] + ’\t’ + current temp data[n] + ’\t’ + hr precip data[n] + '\t +
precip today data[n] + '\n’))

331

332 datafile other.close ()

331 except KeyboardInterrupt:
335 print ('The program has been shut down’)

337 finally :
338 GPIO. cleanup ()
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2
3
4

C HTML Code

<head>

<style>body {background—color: black; color: white; text—align: center}

hl {color: white}
image {width: 100%}
* {

}

box—sizing: border—box;

.column {
float: left;
width: 33.33%;
padding: 10px;
height: 300px;
}

.row: after {

content: "";

display: table;

clear: both;

}

</style></head>

<title>Current Conditions</title>

<body>

<hl>Current Conditions for Weather Station KARCONWAS5/K /h1>
<h2>Weather Station Location Mayflower, US<br></h2>
<h4>10:48 AM<br></h4>

<h4>4/25/2019<br></h4>

<p><img src="icons/cloudy .bmp" alt="Weather Icon Not Found" ></p>
<p>Condition: Overcast</p>

<div class="row">

<div class="column">

<h2>Temperature</h2>

<p>Temperature: 67.5&degF</p>

<p>Feels Like: 67.5&degF</p>

</div>

<div class="column">

<h2>Light</h2>

<p>Solar Radiation: 109 W/m<sup>2</sup></p>
<p>Sensor: 0.777126 V</p>

</div>

<div class="column">
<h2>Precipitation</h2>

<p>Total Precipitation: 1.65 in</p>
<p>Hour Precipitation: 0.0 in</p>
</div>

</div>
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<p>Last update from weather underground:

</body>
</html>
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10:48 </p>



