ECE 105: Introduction to
Electrical Engineering

Lecture 10
Sensors 2
Yasser Khan
Rehan Kapadia

US

University of
Southern California



Other sensors USC

University of

Southem California

Gas Sensor Humidity Moisture



Differential measurement USC

University of
ETE

Southem California
Analyte




Op Amp USC

University of
Southern California

Vaa
L There are three Golden Rules for op-amp circuit design and
Vout analysis:
y o (1) no current flows into the inputs, V.and V-;
(2) the input voltages are always equal, that is V+ =V-;
- (3) the op-amp output can drive any current that is required.

Circuit schematic symbol for an operational amplifier.
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Op Amp Water Analogy USC
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Op Amp Water Analogy
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Non-inverting and inverting USC
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Example

R, = 10kQ

R¢= 100k
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PD readout circuit USC
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From physical world to getting data on a computer USC
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Packaged chips USC
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Attaching chip to metallic lead frame
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dioxide 1

Encapsulation in plastic Final result
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Analog front end USC
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An analog front-end (AFE) is a set of analog signal conditioning circuitry that uses sensitive
analog amplifiers, often operational amplifiers, filters, and sometimes application-specific
integrated circuits for sensors block needed to interface a variety of sensors to analog-to-
digital converter or, in some cases, to a microcontroller.
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Let’s use an analog front end USC
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APDS9960
(Proximity, Light,
Colour, Gesture)

HTS221
(Temperature and
Humidity Sensor)

LSM9DS1 - 9-Axis IMU
(Accelerometer, Gyroscope,
Magnetometer)

nouuo cc - 2 = =
" AL apts - Nordic nRF 52840
LR N N | i
< Processor with
NINA B306 Bluetooth
module

Micro-USB
Port

MP34DT05-A
Microphone

LPS22HB (Pressure
Sensor)

APDS-9960 Avaeo

Digital Proximity, Ambient Light, RGB and Gesture Sensor TECHNOLOGIES

Data Sheet

/\/’ Lead (Pb) Free
A RoHS 6 fully

e compliant
=

https://docs.broadcom.com/doc/AV02-4191EN iy



Block diagram of the AFE

Functional Block Diagram
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Pin Outs of the AFE

I/0 Pins Configuration

Pin Name Type Description

1 SDA (0] 12C serial data I/0 terminal - serial data 1/O for 12C-bus

2 INT 0 Interrupt - open drain (active low)

3 LDR LED driver input for proximity IR LED, constant current source LED driver
4 LEDK LED Cathode, connect to LDR pin when using internal LED driver circuit
5 LEDA LED Anode, connect to Vi epa on PCB

6 GND Power supply ground. All voltages are referenced to GND

7 SCL | 12C serial clock input terminal - clock signal for 12C serial data

8 Voo Power supply voltage

Absolute Maximum Ratings over operating free-air temperature range (unless otherwise noted)”

Parameter Symbol  Min Max Units Conditions
Power supply voltage ['] VoD 38 Vv

Input voltage range Vin -0.5 38 v

Qutput voltage range Vout -0.3 38 v

Storage temperature range Tsig -40 85 °C

*  Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only and
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

MNote 1. All voltages are with respect to GND.
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AFE to Arduino communication protocol

12C-bus Protocol

Interface and control are accomplished through an I2C-bus
serial compatible interface (standard or fast mode) to a set
of registers that provide access to device control functions
and output data. The devices support the 7-bit 12C-bus ad-
dressing protocol.

The device supports a single slave address of 0x39 Hex
using 7-bit addressing protocol. (Contact factory for other
addressing options.)

The I2C-bus standard provides for three types of bus trans-
action: read, write, and a combined protocol. During a
write operation, the first byte written is a command byte
followed by data. In a combined protocol, the first byte
written is the command byte followed by reading a series
of bytes. If a read command is issued, the register address
from the previous command will be used for data access.
Likewise, if the MSB of the command is not set, the device
will write a series of bytes at the address stored in the last
valid command with a register address. The command

A Acknowledge (0) byte contains either control information or a 5-bit register
N Not Acknowledged (1)

. address. The control commands can also be used to clear
P Stop Condition interrunts
R Read (1) pis-
S Start Condition The 12C-bus protocol was developed by Philips (now NXP).
Sr Repeated Start Condition For a complete description of the [2C-bus protocol, please
W Write (0) review the NXP 12C-bus design specification at http://
Continuation of protocol www.i2c—bus.org/references/.
] Master-to-Slave
[ slave-to-Master

1 7 1 1 8 1 8 1 1
| S | Slave Address |W | A | Register Address | A | Data | A | | P |
12C-bus Write Protocol
7 1 1 8 1 8 1 1
| s | Slaveaddress | R [A] Data | A | Data [al.[r]
12C-bus Read Protocol
1 7 1 1 8 1 1 7 1 1 8 1
| S | Slave Address |W | A | Register Address | A | Sr | Slave Address | R | A | Data | A |
8 1 1
| Data [A].]P]

12C-bus Read Protocol - Combined Format

12C-bus Protocol

Esy;sm

tsy;par

USC

- tLu! ——p ’4—1r ts
scL Vi tbl R
AL i
|
: B | e tup;sTa ThiGH
toyr +— tHD-IHT
SDA I Vin
/1 N
iale S s
P S
Stop Start
Condition Condition

Figure 1. Timing Diagrams

./

University

Southem Ca.hforma
— —
. I
o - I
I |
i i Tsu;s10 l
| |
N/ XN/
e -

3 P

21



Spectral response of the optical sensor USC
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How to connect the AFE to the Arduino

Voltage
Regulator

tJTtH{IuF

R
1ufF ==

T LEDA

APD5-9960

LEDK

LDR

INT

SCL

SDA

Veus

1pfF ==

Figure 14b. Circuit Implementation using Single Power Supply
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How data is stored in the AFE or the Arduino USC

Register Set \_Q s
The APDS-9960 is controlled and monitored by data registers and a command register accessed through the serial V\
interface. These registers provide for a variety of control functions and can be read to determine results of the ADC

conversions.

University of
Southern California

Address Register Name Type Register Function Reset Value b 0 ..__-> (/\ 9, )(
0x00 - RAM R/W RAM x00 )(
0x7F
0x80 ENABLE R/W Enable states and interrupts 0x00
0x81 ATIME R/W ADC integration time O0xFF o
0x83 WTIME R/W Wait time (non-gesture) OxFF d 0'0 0 v o
0x84 AILTL R/W ALS interrupt low threshold low byte - 0
0x85 AILTH R/W ALS interrupt low threshold high byte -
0x86 AIHTL R/W ALS interrupt high threshold low byte 0x00 —
0x87 AIHTH R/W ALS interrupt high threshold high byte 0x00 w F l/
0x89 PILT R/W Proximity interrupt low threshold 0x00
0x8B PIHT R/W Proximity interrupt high threshold 0x00
0x8C PERS R/W Interrupt persistence filters (non-gesture) 0x00
0x8D CONFIG1 R/W Configuration register one 0x60 \ \
A0 Anin er noAAs Pomrtonn s emealmn s s momod Do il Fe.an ‘ ‘
\\ ) )
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Search and install library for the AFE US
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B devboard_sketch | Arduino IDE 2.3.2
‘ile Edit Sketch Tools Help

IR ¢ ciuroNanosssic -

LIBRARY MANAGER

9960
Type: All v
Topic:  All v

Arduino_APDS9960 by Arduino
1.0 4 installed

A library for the APDS-9960 sensor allows reading
gestures, color, and proximity on your Arduino
Mano 33 BLE Sense board and other boards with ...
More info

1.04 ~ INSTALL
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Run an example

3 devboard_sketch | Arduine IDE 2.3.2
ile Edit Sketch Tools Help
New Sketch Ctrl+N

New Cloud Sketch Alt+Ctrl+N

Cpen... Ctrl+0O
Open Recent >
Sketchbook »
Examples >
Close Ctrl+W
Save Ctrl+5
Save As.. Ctrl+Shift+5
Preferences... Ctrl+Comma
Advanced >
Quit Ctrl+Q

Adafruit APDS9960 Libi

This is a library for the Adafr
gesture/proximity/color/light
library for the Adafruit APDS
More info

13.0 v INSTALL

Deneyap Hareket Isik F
Mesafe Olcer by Turkish
Arduino library for Deneyap
Proximity Sensor APDS9960

library to use Deneyap Gestt
More info

102 v INSTALL

Melopero APDS9960 by
Electronics

A driver library for the APDS!
library allows an Arduino bos
with the APDS9960 sensor.
More info

121~ INSTALL

SparkFun APDS9960 RG
Sensor by SparkFun Electi
Library for the Avago APDS-9

works with the SparkFun Bre
Avago APNS-9960 nroximity

Jano 33 BLE -

devboard_sketch.ino  ADS5593R.cpp #

342
I 343
i 344
Built-in examples
01.Basics
02.Digital
03.Analog

04.Communication
05.Control
06.Sensors
07.Display

08.5trings

09.USB
10.5tarterKit_BasicKit

11.ArduinolSP

Examples for Arduino Nano 33 BLE
Ethernet

Firmata

Keyboard
LiquidCrystal

MLC
MNano33BLE_System
PDM

Scheduler

SD

Servo

Stepper

TFT

ThreadDebug

USB Mass Storage
USEHID

USBMIDI

Examples from Custom Libraries
Arduino_APDS9960
Arduino_HTS221
Arduino_QV767X

SOU SENSUT TS norary
akout board for the
light. RGR. and gestul.

-

int string length;
string_length = strlen

thile(1){
for(int i =0; i ¢ &

send byte(string[i
}
delay(1000);
if(exit_condition())

ld send byte(char my_b
setDACVal(dac_pd pair2
felay(PERIOD);

f/transmission of bits
or(int 1 = @; 1 < 8;

" if((my_byte&(oxel <<
else setDACVal(dac_p
delay(PERIOD);

setDACvVal(dac_pd pair2
felay(PERIOD);

id 1ifi rx(){
serial.println("Make si
ol previous state;
ol current_state;

thile(1){
current_state = read
if(lcurrent_state &&

{
print_byte(get byt:

}

previous_state = curl

ial Monitor x

ColorSensor
FullExample
GestureSensor

ProximitySensor

US

University of
Southern California
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FullExample | Arduino IDE 2.3.2

Upload code to Ard. cooNEmTTES

FullExample ina

00N W R W e

I A R R - BB T~ B ol B O R T T R R B I N T I R o I el i
BN WNPR, ® 00N o] WKNEPEDOENOAREWNRE®UOUONOURAWRNRDO®NONSWNRED

/%

APDS-996@ - All sensor data from APDS-9960

This example reads all data from the on-board APDS-996@ sensor of the

Nano 33 BLE Sense:
- color RGB (red, green, blue)
- proximity
- gesture

and prints updates to the Serial Monitor every 10@ ms.

The circuit:
- Arduino Nano 33 BLE Sense

This example code is in the public domain

#include <Arduino_APDS9960.h>
void setup() {
Serial.begin(9600);

while (!Serial); // Wait for Serial Monitor to open

if (1aPDS.begin()) {

serial.println("Error initializing APDS-996@ sensor.");

while (true); // Stop forever
}
}

int proximity = @;
intr=e, g=9,b=o0;
unsigned long lastupdate = 8;

void loop() {

// Check if a proximity reading is available.
if (APDS.proximityAvailable()) {
proximity = APDS.readProximity();

¥

// Check if a gesture reading is available
if (APDS.gestureAvailable()) {
int gesture = APDS.readGesture();
switch (gesture) {
case GESTURE_UP:
Serial.println("Detected UP gesture™);
break;

case GESTURE_DOWN:
Serial.println("Detected DOWN gesture™);
break;

case GESTURE_LEFT:
Serial.println("Detected LEFT gesture");
break;

case GESTURE_RIGHT:

serial.println("Detected RIGHT gesture™);
hraal
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Serial monitor

Qutput
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Serial plotter USC
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