(@) °
EBYTE

ESP32-S3-MINI-1 & ESP32-S3-MINI-1U

User Manual

R EMZ AT F R AR 2 E]

Chengdu Ebyte Electronic Technology Co.,Ltd.




Contents

ESP32-S3-MINI-1 & ESP32-S3-MINI-1U ..ot 1
USEE IMAANUAL........oooviiiiic et bbb 1
Disclaimer and CopYTiZht NOLICE ............cccooioiiiieieisiecee e 4
CRhAPLET 1 OVEIVIBW ...ttt bbb 5
LT INEEOAUCTION ...t 5
L2 FOATUTES ...ooiiiiiitee ettt bbb bbb 5
Chapter 2 Electrical CharaCteriSTICS ...........cc.covuiviiececisiecie e 6
2.1 absSOIUte MAXIMUIM TALNES .........c..ovieviciceceeeeeeeeeee ettt s e s s st nassa e s ses s s 6
2.2 Recommended WOTKing CONAIIONS ...........cc.covuiiiiiiieiiriiiie e s e 6
2.3 DC electrical characteriStics (3.3V, 25°%C) ..o 6
2.4 Power consumption characteristics
2.4.1 RF power consumption in ACHVE MOAC...........ccccooveivriiriveiieiececs e 7
2.5 WI-F1 12010 fIEQUEIICY .......oovoieiie s 7
2.5.1 Wi-Fi RF StANAArdS .........co.coooiiiiciice s 7
2.5.2 Wi-Fi RF Transmitter (TX) SpeCifiCatiOnsS............ccccovuoiueiereeeieieieceeeeeeeeeeeee et 8
2.5.3 Wi-Fi Radio Receiver (RX) SpecifiCations ...........cc.cccoviiiicucuieeieeie e 9
2.6 Bluetooth low energy radio fIEQUENCY ..........cc.cocovivivciceeceeeeeeeee e 11
2.6.1 Bluetooth Low Energy RF Transmitter (TX) Specifications...........cccocoooevoeroeioeieciececececeeeeseeee e, 11
2.6.2 Bluetooth Low Energy RF Receiver (RX) Specifications
Chapter 3 HardwWare deSCIIPHION .............cc..couuivuiveiieccs et
3.1 Functional blOCK QIQ@Iam...........cc.ooovuiiuiiiieeceeceeeeee e
3.2 Mechanical dimensions and pin defiNItONS ..........c..cc.cc.cuiiuirieieecece e

3.2 Module schematic diagram
3.2.1 ESP32-S3-MINI-1 Module schematic diagram

3.2.2 ESP32-S3-MINI-1U Module schematic diagram...............ccccocovuoveveriiiieeeeeeeeeeeee e 20

3.3 MOAUIE AIMENSIONS ..ot 21
3.3.1 ESP32-S3-MINI-1 DIMENSIONS ........c.oveiveiviriciceeeeeeeee s ses e ses s es s ses st en s 21

3.3.1 ESP32-S3-MINI-1U DIMENSIONS .........c.ccoorrrreieeeeereeeeeeteteeeeceeeeeeeesee et aesassasse s eraenaenans 22

3.4 PCB PACKAZE GIAPNICS ..o 23
3.4.1 ESP32-S3-MINI-1 PCB package SraphiCs..............cccoovmuimiieeeeeeeeeeeee e 23

3.4.2 ESP32-S3-MINI-1U PCB package graphiCs..........ccccoooieieieieroeiieioeieeeeeeeee et ee e, 24

3.5 External antenna connector dIMENSIONS ............cccoceveveererieiceceeceeeeeeeeeeeseese ettt sa s naeseesess et ssnsensenaenens 25
Chapter 4 FAQ ... bbb 26
4.1 Transmission diStance iS NOL IACAL...............co.coviviiiiiiececeee et 26

4.2 Module is @asily damaged..............ccccooviiiiiiiiecicieiece e 26

4.3 BER(Bit Error Rate) 1S hR ..........coooiiie e 26
Chatper 5 Welding Operation GUIAANCE ..............ccc.covviviiiiieciciecece e 27
5.1 Reflow SOIdering teMPEIALULC ..............cc.covuiviviiiecieieeecse et 27

5.2 ReEflOW SOIACTING CUTVE .........cooovoieieieieeeee ettt n s eenensans 28
Chapter 6 PACKING ..........coooiieiieiiei e bbb 29
6.1 ESP32-S3-MINI-1 PACKING ........ooooeieieicececeeee ettt n e neeneesans 29

6.2 ESP32-S3-MINI-TU PACKING ......cvoiiiiiiiiieiecicsei it 30



{e ey
({ea)

egvTeE Chengdu Ebyte Electronic Technology Co.,Ltd. ESP32-S3-MINI series user manual
Chapter 7 DISCLAIMET ........cociviiieiiiiecce et 31
REVISION HISTOTY ..o e st n s s eranneenen 31
ADOUL US ..ot 31

Copyright ©2012-2023, Chengdu Ebyte Electronic Technology Co.,Ltd. ~3~



(frei)y

() ) .
egvyTE Chengdu Ebyte Electronic Technology Co. Ltd. ESP32-S3-MINI series user manual

Disclaimer and Copyright Notice

The information in this document, including the URL address for reference, is subject to change
without notice. The document is provided "as is" without any guarantee responsibility, including any
guarantee for marketability, suitability for a specific purpose, or non-infringement, and any guarantee
for any proposal, specification or sample mentioned elsewhere. This document does not bear any
responsibility, including the responsibility for infringement of any patent rights caused by the use of
the information in this document. This document does not grant any license for the use of intellectual

property rights in estoppel or other ways, whether express or implied.

The test data obtained in the article are all obtained by the Ebyte laboratory, and the actual

results may vary slightly.

We hereby declared that all brand names, trademarks and registered trademarks mentioned in

this document are the property of their respective owners.

The final interpretation right belongs to Chengdu Ebyte Electronic Technology Co., Ltd.

Notice :

Due to product version upgrades or other reasons, the contents of this manual may be changed. Ebyte Electronic
Technology Co., Ltd. reserves the right to modify the contents of this manual without any hint or noticet. This
manual is only used as a guide. Chengdu Ebyte Electronic Technology Co., Ltd. makes every effort to provide
accurate information in this manual. However, we does not guarantee that the contents of the manual are
completely free of errors. All statements, information and suggestions in this manual do not constitute any express

or implied guarantee.

Copyright ©2012-2023, Chengdu Ebyte Electronic Technology Co.,Ltd. ~ 4 ~
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Chapter 1 Overview

1.1 Introduction

ESP32-S3-MINI-1 and ESP32-S3-MINI-1U are two general-purpose Wi-Fi + BLE modules, equipped with Espressif ESP32-S3
chip. In addition to rich peripheral interfaces, the module also has powerful neural network computing capabilities and signal
processing capabilities. It is suitable for a variety of application scenarios in the AloT field, such as wake word detection and voice
command recognition, face detection and recognition, smart Home, smart appliances, smart control panels, smart speakers, etc.

ESP32-S3-MINI-1 uses PCB on-board antenna, and ESP32-S3-MINI-1U uses IPEX antenna. Wi-Fi and Bluetooth coexist and

share the same antenna.

ESP32-S3-MINI-1 ESP32-S3-MINI-1U
(=13 E] (@) @”-:E ) °
E'. EBYTE ﬁ-';;% EBYTE
(=] [=] g
Manufacturer:EBYTE Manufacturer:EBYTE
SNIXXXXXXXXXX SINXOOOXXX XXX
ESP32-S3-MINI-1 ESP32-S3-MINI-1U

1.2 Features

®  Built-in ESP32-S3 series chip, equipped with Xtensa® dual-core 32-bit LX7 microprocessor (supports single-precision floating
point operation unit);

Support clock frequency up to 240 MHz;

With 8 MB flash;

Support 2.4 GHz Wi-Fi (802.11 b/g/n) + Bluetooth® 5 (LE);

With rich peripheral interfaces, such as GPIO, SPI, LCD, Camera interface, UART, 12C, 12§, etc.;

Operating temperature can be between —40 ~ 85 °C;

The communication distance can reach 200 meters under ideal conditions;

Copyright ©2012-2023, Chengdu Ebyte Electronic Technology Co.,Ltd. 5
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Chapter 2 Electrical characteristics

2.1 absolute maximum ratings

VDD33 Power pin voltage

TSTORE storage temperature —40 85 °C

2.2 Recommended working conditions

VDD33 Power pin voltage .0 3 3.6 v
Current supply from external power
VDD pply p 0.5 o o A
supply
T Recommended operating temperature —40 — 85 °C
Humidity Humidity — 85 — %RH

2.3 DC electrical characteristics (3.3V, 25°C)

Pin capacitance — pF
VIH High level input voltage 0.75xVDD! — VDD'+ 0.3 \Y%
VIL low level input voltage -0.3 — 0.25xVDD! v
1TH High level input current — — 50 nA
IIL Low level input current — — 50 nA
VOH 2 High level output voltage 0.8xVDD! — — \Y%
VOL? Low level output voltage — — 0.1xVDD! \Y%

High level source current (VDD'=
IOH — 40 — mA
3.3V,VOH>=2.64V,PAD DRIVER=3)

Low level sink current (VDD!=3.3 V,VOL=
I0L — 28 - mA
0.495V, PAD_DRIVER=3)

Copyright ©2012-2023, Chengdu Ebyte Electronic Technology Co.,Ltd. 6
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RPU Internal weak pull-up resistor — 45 — kQ
RPD Internal weak pull-down resistor — 45 — kQ
Chip reset release voltage (EN pin should
VIH_nRST 0.75xVDD! — VDD'+0.3 \'
meet the voltage range)
Chip reset voltage (EN pin should meet the
VIL nRST -0.3 — 0.25xVDD! v
voltage range)
1

VDD is the power supply for I/O.

2 VOH and VOL are measured values when the load is high resistance.

2.4 Power consumption characteristics

2.4.1 RF power consumption in Active mode

802 . 11b, 1 Mbps, @20 .5 dBm 355

802 . 11g, 54 Mbps, @18 dBm 297

TX 802 . 11n, HT20, MCS7, @17 .5 dBm 286

Active  (RF work) 802 . 11n, HT40, MCS7, @17 dBm 285
RX 802 . 11b/g/n, HT20 95

802 . 11n, HT40 97

1. The above power consumption data is based on the test results completed at the RF interface with a 3.3 V power supply and an

ambient temperature of 25 °C. All emission data are measured based on 100% duty cycle.

2. When measuring RX power consumption data, the peripherals are turned off and the CPU is idle.

2.5 Wi-Fi radio frequency

2.5.1 Wi-Fi RF standards

Working channel center frequency range ! 2412 ~ 2484 MHz

Copyright ©2012-2023, Chengdu Ebyte Electronic Technology Co.,Ltd.
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Wi-Fi protocol IEEE 802 . 11b/g/n
11b: 1,2,5 .5, 11 Mbps
Data rate 20 MHz 11g: 6,9, 12, 18, 24, 36, 48, 54 Mbps
11n: MCSO0-7, 72 .2 Mbps (Max)
40 MHz 11n: MCSO0-7, 150 Mbps (Max)
Antenna type PCB Antenna, external antenna connector 2
! The central frequency range of the working channel shall comply with national or regional norms and standards.
The software can configure the center frequency range of the working channel.

2 The output impedance of the module with an external antenna connector is 50, and the module without an external

antenna connector does not need to pay attention to the output impedance.

2.5.2 Wi-Fi  RF Transmitter (TX) Specifications

Depending on product or certification requirements, you can configure the transmitter target power. For details about default

power, see Table 1 “spectrum template and transmit power when EVM complies with 802.11 standard.”

802 . 11b, 1 Mbps

802 . 11b, 11 Mbps — 20.5 —
802 . 11g, 6 Mbps — 20.0 —
802 . 11g, 54 Mbps — 18.0 —

802 . 11n, HT20, MCS 0 — 19.0 —

802 . 11n, HT20, MCS 7 — 17.5 —

802 . 11n, HT40, MCS 0 — 18.5 —

802 . 11n, HT40, MCS 7 — 17.0 —

Table 1  spectrum template and transmit power when EVM complies with 802.11 standard

802 . 11b, 1 Mbps, @20 .5 dBm 245
802 . 11b, 11 Mbps, @20 .5 dBm — 245 ~10
802 . 11g, 6 Mbps, @20 dBm — -23.0 -5

Copyright ©2012-2023, Chengdu Ebyte Electronic Technology Co.,Ltd. 8
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802 . 11g, 54 Mbps, @18 dBm
802 . 11n, HT20, MCS 0, @19 dBm
802 . 11n, HT20, MCS 7, @17 .5 dBm
802 . 11n, HT40, MCS 0, @18 .5 dBm

802.11n, HT40, MCS 7, @17 dBm
Table 2 Launch EVM test

2.5.3 Wi-Fi Radio Receiver (RX) Specifications

-29.5

-24.0

-30.5

-25.0

-30.5

802 . 11b, 1 Mbps

802 . 11b, 2 Mbps

802 . 11b, 5.5 Mbps
802 .

11b, 11 Mbps

802 . 11g, 6 Mbps

802 . 11g, 9 Mbps

802 .
802 .

802

802 .
802 .

802

802 . 11n, HT20, MCS 0
802 . 11n, HT20, MCS 1
802 . 11n, HT20, MCS 2
802 . 11n, HT20, MCS 3
802 . 11n, HT20, MCS 4
802 . 11n, HT20, MCS 5
802 . 11n, HT20, MCS 6
802 . 11n, HT20, MCS 7
802 . 11n, HT40, MCS 0
802 . 11n, HT40, MCS 1
802 . 11n, HT40, MCS 2
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11g, 12 Mbps
11g, 18 Mbps

. 11g, 24 Mbps

11g, 36 Mbps
11g, 48 Mbps

. 11g, 54 Mbps

-98.2
-95.6
-92.8
—88.5
-93.0
-92.0
-90.8
—88.5
—85.5
—82.2
-78.0
—76.2
-93.0
-90.6
-88.4
—84.8
—81.6
—77.4
—75.6
—74.2
-90.0
-87.5
-85.0
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802 . 11n, HT40, MCS 3 — -82.0 —
802 . 11n, HT40, MCS 4 — -78.5 —
802 . 11n, HT40, MCS 5 — -74.4 —
802 . 11n, HT40, MCS 6 — —72.5 —
802 . 11n, HT40, MCS 7 — —71.2 —

Table 3 Receiving sensitivity

802 . 11b, 1 Mbps — 5 —
802 . 11b, 11 Mbps — 5 —
802 . 11g, 6 Mbps — 5 —
802 . 11g, 54 Mbps — 0 —
802 . 11n, HT20, MCS 0 — 5 —
802 . 11n, HT20, MCS 7 — 0 —
802 . 11n, HT40, MCS 0 — 5 —
802 . 11n, HT40, MCS 7 — 0 —

Table 4 Maximum receiving level

802 . 11b, 1 Mbps — 35 —
802 . 11b, 11 Mbps — 35 —
802 . 11g, 6 Mbps — 31 —
802 . 11g, 54 Mbps — 14 —
802 . 11n, HT20, MCS 0 — 31 —
802 . 11n, HT20, MCS 7 — 13 —
802 . 11n, HT40, MCS 0 — 19 —
802 . 11n, HT40, MCS 7 — 8 —

Table 5 Receive adjacent channel suppression

Copyright ©2012-2023, Chengdu Ebyte Electronic Technology Co.,Ltd. 10
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2.6 Bluetooth low energy radio frequency

Working channel center frequency 2402 2480
Table 6 Bluetooth Low Energy Frequency

2.6.1 Bluetooth Low Energy RF Transmitter (TX) Specifications

RF transmit power RF power control range —24.00 20.00
Gain control step size — 3.00 — dB
[fajn=0,1,2,..k Max. value — 2.50 — kHz
Carrier frequency offset [fO — fn | Max. value — 2.00 — kHz
and drift [th — fn —5 | Max. value — 1.40 — kHz
[f1 — 10 | — 1.00 — kHz
Aflavg — 249.00 — kHz
Modulation characteristics A f2max Min. Value 198.00 kHz

(at least 99 .9% of A f2max ) — —

A f2avg/A f lavg — 0.86 — —
+ 2 MHz offset — -37.00 — dBm
In-band spurious + 3 MHz offset — -42.00 — dBm
emissions >+ 3 MHz offset — 44,00 — dBm

Table 7 Transmitter Characteristics - Bluetooth Low Energy 1 Mbps

RF transmit power RF power control range -24.00 20.00 dBm
Gain control step size — 3.00 — dB

[fajn=0,1,2,..k Max. value — 2.50 — kHz

Carrier frequency offset [f0 — fn | Max. value — 2.00 — kHz
and drift [tn — fn —5 | Max. value — 1.40 — kHz

[f1 — {0 | — 1.00 — kHz

Copyright ©2012-2023, Chengdu Ebyte Electronic Technology Co.,Ltd. 11
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Aflavg — 499.00 — kHz
Modulation characteristics A f2max Min. Value 416.00 kHz

(at least 99 .9% of A f2max ) — _

A f2avg/A f lavg — 0.89 — —
+ 4 MHz offset — -42.00 — dBm
In-band spurious + 5 MHz offset — —44.00 — dBm
emissions >+ 5 MHz offset - ~47.00 — dBm

Table 8 Transmitter Characteristics - Bluetooth Low Energy 2 Mbps

RF transmit power RF power control range —24.00 20.00 dBm
Gain control step size — 3.00 — dB
fan=0,1,2,..k Max. value — 0.80 — kHz
Carrier frequency offset [f0 — fn | Max. value — 1.00 — kHz
and drift Ifn — fn -3 | — 0.30 — kHz
[f0—13] — 1.00 — kHz
Af lavg — 248.00 — kHz
Modulation characteristics A flmax Min. Value
— 222.00 — kHz
(at least 99 .9% of A f Imax )
+ 2 MHz offset — -37.00 — dBm
In-band spurious + 3 MHz offset — —42.00 — dBm
emissions >+ 3 MHz offset — 4400 — dBm

Table 9 Transmitter Characteristics - Bluetooth Low Energy 125 Kbps

RF transmit power RF power control range —24.00 20.00 dBm
Gain control step size — 3.00 — dB
fan=0,1,2,..k Max. value — 0.80 — kHz
Carrier frequency offset [fO — fn | Max. value — 1.00 — kHz
and drift Ifn— =3 | — 0.85 — kHz
[fO—1f3] — 0.34 — kHz
A f2avg — 213.00 — kHz
Modulation characteristics A f2max  Min. Value
— 196.00 — kHz

(at least 99 .9% of A f2max )

Copyright ©2012-2023, Chengdu Ebyte Electronic Technology Co.,Ltd. 12
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+ 2 MHz offset — -37.00 — dBm
In-band spurious + 3 MHz offset — —42.00 — dBm
CIISSIons >+ 3 MHz offset — ~44.00 — dBm

Table 10 Transmitter Characteristics - Bluetooth Low Energy 500 Kbps

2.6.2 Bluetooth Low Energy RF Receiver (RX) Specifications

Sensitivity @30 .8% PER -96.5
Maximum received signal @30 .8% PER — — 8 — dBm
Common channel rejection ratio C/I F=F0 MHz — 8 — dB
F=F0+ 1MHz — 4 — dB
F=F0-1MHz — 4 — dB
F=F0+2MHz — =23 — dB
F=F0-2MHz — =23 — dB
Adjacent channel selective inhibition ratio F=F0 + 3 MHz _ _34 _ dB
i F=F0-3 MHz — —34 — dB
F>F0+3 MHz — -36 — dB
F>F0-3 MHz — -37 — dB
Mirror frequency — — -36 — dB
Adjacent channel mirror frequency F =Fimage +1MHz — -39 — dB
interference F = Fimage — 1 MHz _ 34 _ dB
30 MHz ~ 2000 MHz — ~12 — dBm
out-of-band blocking 2003 MHz ~ 2399 MHz — -18 — dBm
2484 MHz ~ 2997 MHz — -16 — dBm
3000 MHz ~ 12 .75 GHz — —-10 — dBm
Intermodulation — — -29 — dBm

Table 11 Receiver Characteristics - Bluetooth Low Energy 1 Mbps

Sensitivity @30 .8% PER

Copyright ©2012-2023, Chengdu Ebyte Electronic Technology Co.,Ltd. 13
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Maximum received signal @30 .8% PER — — 3 — dBm
Common channel rejection ratio C/1 F=F0 MHz — 8 — dB
F=F0 + 2 MHz — 4 — dB
F=F0-2MHz — 4 — dB
F=F0 + 4 MHz — 27 — dB
F=F0-4MHz — 27 — dB
Adjacent channel selective inhibition ratio F=F0+ 6 MHz _ 38 _ dB
i F=F0-6 MHz — -38 — dB
F>TF0+ 6 MHz — —41 — dB
F>F0-6 MHz — 41 — dB
Mirror frequency — — =27 — dB
Adjacent channel mirror frequency F=Fimage +2 MHz — -38 — dB
interference F = Fimage -2 MHz - 4 - dB

30 MHz ~ 2000 MHz — —-15 — dBm

out-of-band blocking 2003 MHz ~ 2399 MHz — 21 — dBm

2484 MHz ~ 2997 MHz — 21 — dBm

3000 MHz ~ 12 .75 GHz — -9 — dBm

Intermodulation — — -29 — dBm

Table 12 Receiver Characteristics - Bluetooth Low Energy 2 Mbps

Sensitivity @30 .8% PER -103.5 — dBm
Maximum received signal @30 .8% PER — — 8 — dBm
Common channel rejection ratio C/I F=F0 MHz — 4 — dB
F=F0+1MHz — 1 — dB
F=F0-1MHz — 2 — dB
F=F0+ 2 MHz — -26 — dB
F=F0-2MHz — -26 — dB
Adjacent channel selective inhibition ratio F=F0 + 3 MHz _ 36 _ dB
i F=F0-3MHz — -39 — dB
F>F0+ 3 MHz — 42 — dB
F>F0-3 MHz — 43 — dB
Mirror frequency — — 42 — dB

Copyright ©2012-2023, Chengdu Ebyte Electronic Technology Co.,Ltd. 14
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Adjacent channel mirror frequency F=Fimage +1MHz — 43 — dB

interference F=Fimage -1MHz — -36 — dB

Table 12 Receiver Characteristics - Bluetooth Low Energy 125 Kbps

Sensitivity @30 .8% PER —100

Maximum received signal @30 .8% PER — — 8 — dBm

Common channel rejection ratio C/I F=F0 MHz — 4 — dB

F=F0+ 1 MHz — 1 — dB

F=F0-1MHz — 0 — dB

F=F0+2MHz — —24 — dB

F=F0-2MHz — —24 — dB

Adjacent channel selective inhibition ratio F=F0+3 MHz _ 37 _ dB

i F=F0-3 MHz — -39 — dB

F>F0+3 MHz — -38 — dB

F>F0-3 MHz — —42 — dB

Mirror frequency — — -38 — dB

Adjacent channel mirror frequency F=Fimage +1MHz — —42 — dB

interference F=Fimage —1MHz _ 37 _ dB

Table 14 Receiver Characteristics - Bluetooth Low Energy 500 Kbps

Copyright ©2012-2023, Chengdu Ebyte Electronic Technology Co.,Ltd. 15
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Chapter 3 Hardware description

3.1 Functional block diagram

g —— ———— — —— — — — —
40 MHz ESP32-S3-MINI-1 ]
_C e Antenna I

ESP32-S3FN8
ESP32-S3FH4R2

FLASH PSRAM(opt.)
(QSPI) (QSPI)

D — N S — —

-\l;l
=z

®

-

&

@
S . i

Figure 1 ESP32-S3-MINI-1 functional block diagram

F_____________“

ESP32-S3-MINI-1U

40 MHz
Crystal

Antenna

2

ESP32-S3FN8

4 RF Matching I—E
ESP32-S3FH4R2
| EN GPIOs

L SN -
N

FLAsH 1 (opL)

(QSPI) (QSPI)

Figure 2 ESP32-S3-MINI-1U functional block diagram

Copyright ©2012-2023, Chengdu Ebyte Electronic Technology Co.,Ltd. 16
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3.2 Mechanical dimensions and pin definitions

The pin layout diagram shows the approximate location of the pins on the module. Please refer to Figure 3.3
Module Dimensions for the actual layout drawn to scale.
ESP32-S3-MINI-1U has no Keepout Zone, and the pin layout is the same as that of ESP32-S3-MINI-1.

Keepout Zone
O o oo o0 oan0 a0 o
2 Z2 Z2 Z2 Z2 Z2Z Z2 Z2 Z2 Z2 Z2 Z2 Z2 Z Z
O 0O 0O 0O 0O 0O 0 o o0 0 0 oo o o0
Poel [8] 18] [3] [B] 8] B 3] 2] @] [2] [8] 9] 9] 5] [$9] Pol
o - T4 R = V- I - - -4 (- -+ -4 -+ [ - O -+ I - A - A K\
GND | [Pin1] pinas] | EN
GND | [Prz] [z | 1046
3v3 | [pns] fpnz3] | GND
100 | [Pin4] Pin42] | GND
101 [Pns] [Fna1 | 1045
A
102 | [Fing] (GND\ | ono | | enD | [P0 | RXD(
L 0L
103 | [Pn7] [Pin38] | TXD(
7 r_—10r 7
104 | [Pins] | eno || Fg';g | enp | Pin3s| | 1042
106 | [Prs] S 7] | 1041
Pin 8 Pin 37
77 | o | | oo | | ow | R
106 | [P0 GND GND GND P3| 1040
L L L1
107 | [Pin11] Pin3s| | 1039
108 | P72l P3| 1038
109 | [Pin73] [Pin33] | 1037
1010 | [Pin14] [Pin32] | 1036
1011 | [pin13] [Pn31] | 1035
levo] [£] (£ & & €] & 1€ & & & &) &) &) 1§ &) (el
N M Y+ W O~ ©® O O T O © N M St ©
- = = = = = = = N N & 3+ o o <«
S 0050005680863 838 3

Chart 3-1 Pin layout diagram

Pin definition:

1,2,42,
GND P gounding
43, 46-65
3V3 3 P Powered by
100 4 I/O/T RTC_GPIOO0, GPIOO
101 5 I/O/T RTC_GPIO1, GPIO1, TOUCHI, ADC1_CHO
102 6 I/O/T RTC_GPIO2, GPIO2, TOUCH2, ADC1_CHI1

Copyright ©2012-2023, Chengdu Ebyte Electronic Technology Co.,Ltd. 17
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103 7

104 8

105 9

106 10
107 11
108 12
109 13
1010 14
I011 15
1012 16
1013 17
1014 18
1015 19
I016 20
1017 21
1018 22
1019 23
1020 24
1021 25
1026 26
1047 27
1033 28
1034 29
1048 30
1035 31
1036 32
1037 33
1038 34
1039 35
1040 36
1041 37
1042 38

I/O/T
I/O/T
I/O/T
I/O/T
I/O/T
I/O/T
I/O/T

I/O/T

I/O/T

I/O/T

I/O/T

I/O/T

I/O/T
I/O/T
I/O/T
I/O/T
I/O/T
I/O/T
I/O/T
I/O/T
I/O/T
I/O/T
I/O/T
I/O/T
I/O/T
I/O/T
I/O/T
I/O/T
I/O/T
I/O/T
I/O/T
I/O/T

RTC_GPIO3, GPIO3, TOUCH3, ADC1_CH2
RTC_GPIO4, GP104, TOUCH4, ADC1_CH3
RTC_GPIOS, GPIO5, TOUCHS, ADC1_CH4
RTC_GPIO6, GP106, TOUCH6, ADC1_CHS
RTC_GPIO7, GPIO7, TOUCH7, ADC1_CH6
RTC_GPIOS8, GPIO8, TOUCHS, ADC1_CH?7, SUBSPICS1
RTC_GPIO9, GPI0Y9, TOUCHY, ADC1_CHS, FSPIHD, SUBSPIHD

RTC_GPIO10, GPIO10, TOUCHI0, ADC1_CH9, FSPICSO,
FSPIIO4,SUBSPICSO

RTC_GPIO11, GPI1O11, TOUCHI11, ADC2_CHO, FSPID, FSPIIO5,SUBSPID

RTC_GPIO12, GPIO12, TOUCHI2, ADC2_CHI, FSPICLK,
FSPIIO6,SUBSPICLK

RTC_GPIO13, GP1013, TOUCH13, ADC2_CH2, FSPIQ, FSPIIO7,SUBSPIQ

RTC GPIO14, GPIO14, TOUCH14, ADC2_CH3, FSPIWP,
FSPIDQS,SUBSPIWP

RTC_GPIO15, GPIO15, UORTS, ADC2_CH4, XTAL 32K P
RTC_GPIO16, GPIO16, UOCTS, ADC2_CHS5, XTAL 32K N
RTC_GPIO17, GPIO17, UITXD, ADC2_CH6
RTC_GPIO18, GPIO18, UIRXD, ADC2_CH7, CLK_OUT3
RTC_GPIO19, GPIO19, UIRTS, ADC2_CHS, CLK_OUT2, USB_D-
RTC_GPI020, GPI020, UICTS, ADC2_CH9, CLK_OUTI, USB_D+
RTC_GPIO21, GP1O21
SPICS1, GPI026
SPICLK P _DIFF, GP1047, SUBSPICLK P DIFF
SPII04, GPIO33, FSPIHD, SUBSPIHD
SPIIO5, GPIO34, FSPICS0, SUBSPICS0
SPICLK_N_DIFF, GP1048, SUBSPICLK N_DIFF
SPII06, GPIO35, FSPID, SUBSPID
SPII07, GP1036, FSPICLK, SUBSPICLK
SPIDQS, GPIO37, FSPIQ, SUBSPIQ
GPIO38, FSPIWP, SUBSPIWP
MTCK, GPI039, CLK_OUT3, SUBSPICS1
MTDO, GPIO40, CLK_OUT2
MTDI, GPIO41, CLK_OUTI

MTMS, GP1O42

Copyright ©2012-2023, Chengdu Ebyte Electronic Technology Co.,Ltd. 18
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TXDO 39 /O/T U0TXD, GP1043, CLK_OUT1
RXDO 40 /O/T UORXD, GP1044, CLK_OUT2
1045 41 1/O/T GPIO45
1046 42 1/O/T GPI1046
High level: chip enable;
EN 43 I Low level: the chip is turned off;

Be careful not to let the EN pin float.

ap, power supply; I: input; O: output; T: Can be set to high impedance. Bold font is the default function of the

pin. The default function of pins 28 ~ 29, and pins 31 ~ 33 is determined by the eFuse bit.

3.2 Module schematic diagram

3.2.1 ESP32-S3-MINI-1 Module schematic diagram

GND
¢t
80 vDD33
The values of C1 and C4 vary with
the selection of the crystal.
The value of R4 varies with the actual
veD33 PCB board. GPIO4S  VDD33
1 GPI045 GND
UORXD =
RS ) U0TXD
C3| c2 i PI042 D1
041 ESD
10F] 10nF 040 selBksslskkls R ke
2 333858 B33 m (32 2]+
e oo g iy = o | e|,,29992929929925925 |
L1, OnH(0.1nH) T & ’ GNDEEEEE50565556558 6ND
cio é VDD33 CHIP_PU
cs lc7 lcs co s slaks ki VDD33 o o [ GPI046
0.10F
10uF Eur l0.1uF 0.10F a éém‘z‘gneawazoég il £ .35’3 EEB
e L L — % B8.700BFELEER8 oo . 101 1045 T
GND () GND GND ZREBES3="5=%8 e 102 RXDO e
ANT1 b 2 Z 103 e, GPIO4Z_
R L2r1BD, LA LNAIN S apioa 42 Flos? 08 e lod: [ 22 RN
| B
i @ VDD3P3 GPIO3 [an 0% Rl 106 1040 {35 SEIDi0
11 c12 40 035 [ GPIO3S
oEANT CcHIP_ PU—4 VDD3P3 GPIO35 (39 PiO34 I8 107 1039 GPIO38
_— ] = CHIP_PU GPIO34 (33 s PIOD 108 1038 EPIONT
» - wedly = S e e
& P ] o A o GPIO2 SPICLK N gg RIOAs PIOTT 1011 1035 CRIOSG
o S GPIO3 SPID a3 a4
o GPIOS SPIQ H3—X
IBD 5 GPIOS SPICLK [-35—X =
o GPIOG SPICS0 =
L - GRIOT SPIWP —5—% R S *L‘Gl& i Rfﬁlﬁlg D
oo = Grios o Vo s [22
gz = eloklslolyaisle
The values of L3, C5, C11, L2 and C12 = qu""ﬁﬁy\mmo C13 Cl14 clololelololal lololo o]
i =h=p i =22R8D [ = Tl
vary with the actual PCB board. 8558585 ..558882 o i SEEBBBEEEBEE
LLE55555
== T F=d ESP32-S3-MINI-1(pin-out)
o1 ESP32SINS_ GND  GRD

VDD33 N lﬁ ESP32-S3FH4R2

NC: No component. 555558
I
[

GPIO!

Chart 3-2  Schematic
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3.2.2 ESP32-S3-MINI-1U Module schematic diagram
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> o
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c3 c2) GPI042
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9
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= 65
c1o 45 CHIP_PU
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Chart 3-3  Schematic
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3.3 Module dimensions

3.3.1 ESP32-S3-MINI-1 Dimensions

Unit: mm

d©)]

15.440.15

[T [LILTY

[ wnunuuuu?unununnm
=2 ]

0.8

14 =122

20.5+0.15

13.55
14.8
13.2
12.3
11.5
10.6

0.5

|
DDDDDD[I[I]DDDDDD
1

L ;J\EIEIIIIDDEID ooooooodjl
10.6 ‘
11.5
12.3 ‘
' 13.2
14.8 '

07 || 2.4+015 |

Top view Side view Bottom view

Chart 3-4 module dimensions
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3.3.1 ESP32-S3-MINI-1U Dimensions

Unit: mm

J©]

15.4+0.15 0.8
085
-hl' HDDDDDDD[hDDDDDDnD
0| @ [ 3% = z
wn 0N (M |0 |O
E 2 lol 2ol s ] =
© - 1 s| g
14 HO? SLQN 4.5 =
=1 o E | =
= a
L = _—UDJDDDDD¢DDDDDDD]
0.7 || | 2.4:015 | | [ 106
b 11.5
12.3
13.2
14.8
Top view Side view Bottom view

Chart 3-5 module dimensions
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3.4 PCB package graphics

3.4.1 ESP32-S3-MINI-1 PCB package graphics

Unit: mm
B : Pad

B 15.4 _
I
3
Pin 1 Antenna Area LO.V
\ | \IIIIIIII (JANRRRE
1 | =06 12 =
olotfolno| [2 TTANE T 2
Yoo =T =9
molo| 45 =
1 L —2¥ie =
] IIIIIIII;IIIIIIII |
10.6

11.5
12.3
13.2
14.8

i} T—

Chart 3-6 ESP32-S3-MINI-1 PCB package graphics
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3.4.2 ESP32-S3-MINI-1U PCB package graphics

Unit; mm
B :Pad
Pin 1 » 15.4 —
i \IIIIIIII1IIIIIIII A
A AfT‘:06 1.2 -
=1 I;IJ’ =
O N[O - A —t  m| <
sedzez, EER b oo
= ! HEERy =
- 4 5 = -
mO (O —
p 1 1 h=vie i =
Y IIIIIIII]IIIIIIII Y
10.6
L 11.5 J
N 12.3 _
. 13.2 _
B 14.8 -

Chart 3-7 ESP32-S3-MINI-1U PCB package graphics
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3.5 External antenna connector dimensions

Linit: mm
Tolarance: +/~0.1 mm

A.|__|7/_ CONTACT
1

i

I

|

I

I
2,00:0.10

1
T =
GROUND COMTACT
2,06+0,10
1.7
|
1
w [Ta)
S @
L=
1
= —
i Y o CONTACT
HOUSING
HOUSING MATERIAL: THERMOPLASTIC, WHITE, UL 9av-r; -
CONTACT MATERIAL: COPPER ALLOY, GOLD PLATED ALL OVER; SECTION: A-A
SCALE: 1:1

SHELL MATERIAL: COPPER ALLOY, GOLD PLATED ALL OVER;

PERFORMANCE:
CONTACT RESISTANCE: 20mOHM Max.
DIELECTAIC WITHSTANDING VOLTAGE: 200V AC FOR 1MINUTE;

INSULATION RESISTANCE: SO00MOHM Min,

Chart 3-8 External antenna connector dimensions
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Chapter 4 FAQ

4.1 Transmission distance is not ideal

®  When there are straight-line communication obstacles, the communication distance will be correspondingly
attenuated;

®  Temperature, humidity, and co-channel interference will lead to increased communication packet loss rate;

®  The ground will absorb and reflect wireless radio wave, so the performance will be poor when testing module near
ground.

®  Seca water has great ability in absorbing wireless radio wave, so performance will be poor when testing near the sea

®  The signal will be attenuated seriously when there is metal objects near the antenna or module is put in a metal case.

® Power register was set incorrectly, air data rate is set too high (the higher the air data rate, the shorter the
transmission distance).

®  The power supply voltage is lower than the recommended value under room temperature. (the lower the voltage, the

lower the transmitting power.)

4.2 Module is easily damaged

®  Please check the power supply, ensure it is in right range, voltage higher than max value will damage the module.

Please check the stability of power supply, the voltage cannot fluctuate too much.

® Please ensure anti-static operation during installation and in use, high-frequency devices are sensitive to static
electricity

®  Please ensure that the humidity during installation and in use should not be too high, some components are sensitive

to humidity.

® Please avoid using modules at too high or too low temperature if there is no special requirement.

4.3 BER(Bit Error Rate) is high

®  There are co-channel signal interference nearby, please be away from interference sources or modify frequency and
channel to avoid interference;
®  The clock waveform on the UART is not standard, check whether there is interference on the UART line;

®  Poor power supply may cause messy code. Make sure that the power supply is reliable.

Copyright ©2012-2023, Chengdu Ebyte Electronic Technology Co.,Ltd. 26
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Chatper 5 Welding Operation Guidance

5.1 Reflow soldering temperature

Minimum temperature (Tsmin) 100°C 150°C
150°C 200°C
60-120 seconds 60-120 seconds

Preheat/keep .
Maximum temperature (Tsmax)
warm _ . .
Time (Tsmin~Tsmin)
3°C/seconds, maximum
183°C

60~90 seconds

Heating slope (TL~Tp) 3°C/seconds, maximum
217°C

60~90 seconds

Liquidous Temperature (TL)
Holding time above TL

Package peak temperature Tp

It should not exceed the temperature
indicated on the product's "Moisture

Sensitivity" label.

It should not exceed the temperature
indicated on the product's "Moisture

Sensitivity" label.

The time (Tp) within 5°C of the specified

classification temperature (Tc), see the figure 20 seconds 30 seconds

below

Cooling slope (Tp~TL) 6°C/seconds, maximum 6°C/seconds, maximum

Time from room temperature to peak

6 minutes, maximum 8 minutes, maximum

temperature

% The peak temperature (Tp) tolerance definition of the temperature profile is an upper limit for the user

Copyright ©2012-2023, Chengdu Ebyte Electronic Technology Co.,Ltd. 27
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5.2 Reflow soldering curve

1 @S To2Te y N

\ T 5°C - fos =5 4
éﬂ{ﬁ%tp L_ ,Lg}‘rtp___l\

N P

ﬁ Tp —= ST 5°C

ts

25

—— M 25°CRIER (& R A

iy 1a) =>
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Chapter 6 Packing

6.1 ESP32-S3-MINI-1 packing

v

e 565401 | [ |

f f

59.5%0.1

$1.5 4 46+0.1

—| | — -

< > € > Unit: mm

32.0 258 Each Tray: 400 pcs
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6.2 ESP32-S3-MINI-1U packing

. ‘

30£0.2 — SES
g *0. | [ |

t L

47.5%0.1

$1.5 4 3.7+0.1

— = e -
— e

23.0 |44.0

| Unit: mm

24.0 18.65 Each Tray: 500 pcs
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Chapter 7 Disclaimer

®  This manual is as comprehensive and detailed as possible based on the existing information. The company reserves the right to
modify the content of the manual without further notice.

®  This manual is only used as a guide. All information in the manual does not constitute any express or implied warranty.

Revision History

2023 9-4 In1t1a1 version

About us

Technical support: support@cdebyte.com

Documents and RF Setting download link: www.cdebyte.com

Thank you for using Ebyte products! Please contact us with any questions or suggestions: info@cdebyte.com

Official hotline:028-61543675
Web: www.cdebyte.com
Address: , Building B5, Mould Industrial Park, 199# Xiqu Ave, High-tech Zone, Chengdu, 611731, Sichuan, China

) ©
EI;Y%‘E Chengdu Ebyte Electronic Technology Co.,Ltd.
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