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Introduction to ESP32

1 ESP32is the SoC (System on Chip) microcontroller which has gained massive
popularity recently. Whether the popularity of ESP32 grew because of the
growth of IoT (The Internet of things) or whether IoT grew because of the
introduction of ESP32 is debatable. If you know 10 people who have been part
5  of the firmware development for any IoT device,
chances are that 7-8 of them would have worked on ESP32 at some point. So what is the hype all about?

Why has ESP32 become so popular so quickly? Let's find out.

Before we delve into the actual reasons for the popularity of ESP32, let's take a
look at some of its important specifications. The specs listed below belong to
10 the ESP32 WROOM 32 variant.

® Integrated Crystal — 40 MHz

®  Module Interfaces — UART, SPI, I2C, PWM, ADC, DAC, GPIO, pulse counter,

capacitive touch sensor

® Integrated SPI flash — 4 MB
15 ® ROM - 448 KB (for booting and core functions)

® SRAM -520KB

® Integrated Connectivity Protocols — WiFi, Bluetooth, BLE

®  On-chip sensor — Hall sensor

® Operating temperature range— (— 40°) + (85°) degrees Celsius
20 ® Operating Voltage — 3.3V

® Operating Current — 80 mA (average)

With the above specifications in front of you, it is very easy to decipher the
reasons for ESP32's popularity. Consider the requirements an IoT device would
have from its microcontroller (LC). If you've gone through the previous

25 chapter, you'd have realized that the major operational blocks of any IoT
device are sensing, processing, storage, and transmitting. Therefore, to begin
with, the LC should be able to interface with a variety of sensors. It should
support all the common communication protocols required for sensor interface:
UART, I2C, SPI. It should have ADC and pulse counting capabilities. ESP32

30 fulfills all of these requirements. On top of that, it also can interface with
capacitive touch sensors. Therefore, most common sensors can interface
seamlessly with ESP32.

2 Tnya Junn
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Secondly, the LLC should be able to perform basic processing of the incoming
sensor data, Sometimes at high speeds, and have sufficient memory to store the
35 data. ESP32 has a max operating frequency of 40 MHz, which is sufficiently

high. It has two cores, allowing parallel processing, which is a further add-on.

Finally, its 520 KB SRAM is sufficiently large for processing a large array of
data onboard. Many popular processes and transforms, like FFT, peak detection,
RMS calculation, etc. can be performed onboard ESP32. On the

40 storage front, ESP32 goes a step ahead of the conventional microcontrollers
and provides a file system within flash. Out of the 4 MB of onboard flash, by
default, 1.5 MB is reserved as SPIFFS (SPI Flash File System). Think of it as a
mini-SD Card that lies within the chip itself. You can not only store data, but
also text files, images, HTML and CSS files, and a lot more within SPIFFS.

45 People have displayed beautiful webpages on WiFi servers created using
ESP32, by storing HTML files within SPIFFS.

Finally, for transmitting data, ESP32 has integrated WiFi and Bluetooth stacks,
which have proven to be a game-changer. No need to connect a separate
module (like a GSM module or an LTE module) for testing cloud
50 communication. Just have the ESP32 board and a running WiFi, and you can
get started. ESP32 allows you to use WiFi in Access Point as well as Station Mode.
While it supports TCP/IP, HTTP, MQTT, and other traditional,
communication protocols it also supports HTTPS. Yep, you heard that right. It
has a crypto-core or a crypto-accelerator, a dedicated piece of hardware whose
55 job is to accelerate the encryption process. So you cannot only communicate
with your web server, you can do so securely. BLE support is also critical for
several applications. Of course, you can interface LTE or GSM or LoRa

modules with ESP32. Therefore, on the transmitting data' front as well, ESP32 exceeds expectaions.

With so many features, ESP32 would be costing a fortune, right? That's the

60 Dbest part. ESP32 dev modules cost in the ballpark of 500 INR (Indian rupee).
Not only that, the chip dimensions are quite small (25 mm X 18 mm, including
the antenna area), allowing its use in devices requiring a very small form

factor.

Finally, ESP32 can be programmed using the Arduino IDE, making the
65 learning curve much less steep. Isn't that great? Are you excited to get your
hands dirty with ESP32?

Introduction to ESP32 (n.d.)

hrrps://www.tutorialspoint.com/esp32_for_iot_introduction.htm
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4-Bit Bidirectional Universal Shift Register

General Description

This bidirectional shift register is designed to incorporate
virtually all of the features a system designer may want in a
shift register; they feature parallel inputs, parallel outputs,
right-shift and left-shift serial inputs, operating-mode-con-
trol inputs, and a direct overriding clear line. The register
has four distinct modes of operation, namely:

Parallel (broadside) load

Shift right (in the direction Q toward Qp)

Shift left (in the direction Qp toward Qp)

Inhibit clock (do nothing)

Synchronous parallel loading is accomplished by applying
the four bits of data and taking both mode control inputs,
S0 and S1, HIGH. The data is loaded into the associated
flip-flops and appear at the outputs after the positive transi-
tion of the clock input. During loading, serial data flow is
inhibited.

Shift right is accomplished synchronously with the rising
edge of the clock pulse when S0 is HIGH and S1 is LOW.
Serial data for this mode is entered at the shift-right data
input. When S0 is LOW and S1 is HIGH, data shifts left
synchronously and new data is entered at the shift-left
serial input.

Clocking of the flip-flop is inhibited when both mode control
inputs are LOW.

Features
W Parallel inputs and outputs
W Four operating modes:
Synchronous parallel load
Right shift
Left shift
Do nothing
W Positive edge-triggered clocking
M Direct overriding clear

Ordering Code:

Order Number | Package Number

Package Description

DM74LS194AM M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150 Narrow
DM74LS194AN N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Devices also available in Tape and Reel. Specify by appending the suffix letter “X” to the ordering code.

Connection Diagram

OUTPUTS
AN

r A
Vece Qa Qg Q¢ Qp CLOCK S1 S0
|16 15 14 13 12 11 10 9

1 2 3 4 5 6 7 8

CLEAR SHIFT A B C D SHIFT GND
RIGHT * NV “ LEFT
SERIAL  PARALLEL INPUTS SERIAL
INPUT INPUT

2 Tnya Junn
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Function Table
Inputs Outputs
Mode Serial Parallel
Clear Clock _ Qan Q@ Q Q@
S1 S0 Left Right [A B C D

L X X X X X X X X XJ] L L L L
H X X L X X X X X X |Qx Qs Qco Qpo
H H H T X X a b ¢ d a b c d
H L H T X H X X X X| H Qa Qs Qcn
H L H ) X L X X X X L Qa Qsn Qcn
H H L T H X X X X X|Q Qe Qpn H
H H L T L X X X X X|Q Qe Qn L
H L L X X X X X X X |Qx Qs Qco Qpo

H = HIGH Level (steady state)
L =LOW Level (steady state)

X =Don'’t Care (any input, including transitions)

T = Transition from LOW-to-HIGH level

a, b, ¢, d = The level of steady state input at inputs A, B, C or D, respectively.

Qao. Qgo, Qco. Qpp = The level of Qa, Qg, Q¢, or Qp, respectively, before the indicated steady state input conditions were established.

Qan» Qgny Qcny Qpp = The level of Qp, Qg, Qc, respectively, before the most-recent T transition of the clock.

Logic Diagram

MODE SILO)[>
CONTROL ©) |—°[>

INPUT | So——]>° * :
SHIFT @
RIGHT
SERIAL
INPUT

CLOCK 8—?«[}

CLEAR

\'%

3 Tyya qunn
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SHIFT
(M LEFT
SERIAL
INPUT
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Absolute Maximum Ratingsote 1)

Supply Voltage

Input Voltage

Operating Free Air Temperature Range
Storage Temperature Range

0°C to +70°C
—65°C to +150°C

Note 1: The “Absolute Maximum Ratings” are those values beyond which
v the safety of the device cannot be guaranteed. The device should not be
7V operated at these limits. The parametric values defined in the Electrical
Characteristics tables are not guaranteed at the absolute maximum ratings.

Recommended Operating Conditions

The “Recommended Operating Conditions” table will define the conditions
for actual device operation.

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.75 5 5.25 \Y
Vi HIGH Level Input Voltage 2 \
VL LOW Level Input Voltage 0.8 \Y
loH HIGH Level Output Current -0.4 mA
loL LOW Level Output Current 8 mA
folk Clock Frequency (Note 2) 0 25 MHz

Clock Frequency (Note 3) 0 20
tw Pulse Width Clock 20
(Note 4) Clear 20 ns
tsy Setup Time Mode 30 ns
(Note 4) Data 20
ty Hold Time (Note 4) 0 ns
tREL Clear Release Time (Note 4) 25 ns
Ta Free Air Operating Temperature 0 70 °C
Note 2: C| =15 pF, Ty =25°C and V¢ = 5V.
Note 3: C| =50 pF, R =2 kQ, Tp = 25°C and V¢ = 5V.
Note 4: Ty =25°C and V¢ = 5V.
Electrical Characteristics
over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (N:)t’:s) Max Units
V| Input Clamp Voltage Vee = Min, || =-18 mA -1.5 \
Vo HIGH Level Vce = Min, loy = Max 27 34 v

Output Voltage VL = Max, V|y = Min
VoL LOW Level Vee =Min, lg = M.ax 0.35 05

Output Voltage VL = Max, Vi = Min \

loL =4 mA, Vg = Min 0.4

I Input Current @ Max Input Voltage Vee = Max, V=7V 0.1 mA
IH HIGH Level Input Current Voo =Max, V= 2.7V 20 uA
I LOW Level Input Current Ve =Max, V)= 0.4V -0.4 mA
los Short Circuit Output Current Ve = Max (Note 6) -20 -100 mA
lcc Supply Current Ve = Max (Note 7) 15 23 mA

Note 5: All typicals are at Ve = 5V, Ty = 25°C.

Note 6: Not more than one output should be shorted at a time, and the duration should not exceed one second.

Note 7: With all outputs open, inputs A through D grounded, and 4.5V applied to S0, S1, CLEAR, and the serial inputs, Ic¢ is tested with momentary ground,
then 4.5V applied to CLOCK.
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CON fCLK
mwwn T - fok
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CLK
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(Bipolar Junction Transistor) BJT *20p 17 99002190
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PYai CEg s [V] Ver=Ver
SAT
ooaon - I [A] B~IB>IC
oopon - I [A]
I
DWIB - p= _Cc
IB
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Vee=Ve
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(Enhancement) N2N91 1910 MOSFET N Channel 9100190
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WTNIDID PN ON
it) [A] i(t) =T sin(ot+9)
Inax [A]

@ [rad] u(t)=U,xsin(ot+@)
t [sec]
u(® [V]
__ 1
Umax [V] Ieff - ﬁ Imax
L [Al
Uesr [V
1
Uetr = ﬁUmaX
T [sec]
0} [rad / sec]
T=1
f [Hz] f
Xy [Q]
Xc [Q] w = 2nf
|
Xc=%C
XL = oL
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Swnn MmN - R [Q]
Z=R+jX
Svnnayn - X [Q]
Swpn N1y -z [Q]
D |Z|=vR*+X?
X
[0
R
sincl)=L ; cosd)=L tgd)=l
|Z]| |Z]| ° R
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Q=|1x| | Ux] =1k P Ix =17

TN DY NN SY voNMN TN - [Ugl [V] XPIEX1=1X [X]|
MAPN PAON - Q  [VAr] U, P

Z

IS|=]1z]|Uz|= |1z |Z]|= 1Z]

APNN 0N OV VONN TN - Ikl [A]

21NN NON S VoNHN TN - [Uxl [V] S=P+jQ=U, I,

T Paoin - S [VA]

720y0 0N HY voNMN TN - Il [A]
120yN0 NN S VONN TN - Uyl [V]
N20yn D/ OY Tt - T, [A]
DpaUNN YHYN
| Is[=/P?+Q% |
> Q
| Q=[S|sing |
)
P | P=[S[-cos¢ |
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Np - C[F
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DONaMN - BW [Hz] BW = é_oo
MV HIYNa 220N DM
DTN I MPTND - g [rad/sec]
mmnn - R[Q] Qo= %L
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MONN 01 N2y
inductive VupykTuBHOE olas YINIV
characteristic resistance XapaxrepHoe 8aaall osladll TN MTINN
CONIPOTHBIIEHNE
operational amplifier OnepaTnBHBII yCUINTEND AT SN eé-m.i N 72N
filter ®unprp 3l Riv)a)
current source VcTouHMK TOKa JL:\S odas O NPN
power source VICTOYHUK HapsKEHNA Gl Hune nON NPN
capacitive EMKOCTHOE (8L ,S) daw 43 P ARtiy)
node voltage method Mertop y3noBbix agdall olidalgs das b DONNS YNNN NOXWY
IIOTECHLMIAJIOB
resonance pesoHaHC S AT
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