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1. Overview

ESP32 is a single 2.4 GHz Wi-Fi and Bluetooth combo chip designed with TSMC low-power 40 nm technology. It
is designed to achieve the best power and RF performance, robustness, versatility, and reliability in a wide variety
of applications and different power profiles.

ESP32 is a highly-integrated solution for Wi-Fi + Bluetooth applications in the loT industry with around 20 external
components. ESP32 integrates the antenna switch, RF balun, power amplifier, low noise receive amplifier, filters,
and power management modules. As such, the entire solution occupies minimal Printed Circuit Board (PCB)
area.

ESP32 uses CMOS for single-chip fully-integrated radio and baseband, and also integrates advanced calibration
circuitries that allow the solution to dynamically adjust itself to remove external circuit imperfections or adjust to
changes in external conditions. As such, the mass production of ESP32 solutions does not require expensive and
specialized Wi-Fi test equipment.

The ESP32 series of chips includes ESP32-DOWD-V3, ESP32-DOWDR2-V3, ESP32-U4WDH, ESP32-SOWD (Not
Recommended For New Designs), ESP32-DOWD (Not Recommended For New Designs), ESP32-DOWDQ6 (Not
Recommended For New Designs), and ESP32-DOWDQ6-V3 (Not Recommended For New Designs), among
which, ESP32-DOWD-V3, ESP32-DOWDR2-V3, ESP32-U4WDH, and ESP32-DOWDQ6-V3 (Not Recommended
For New Designs), are based on chip revision v3.0 or v3.1.

For details of part number and ordering information, please refer to 00000 00000 OOIO0ODOL.

For details on chip revision v3.0 instructions, please refer to 00000 OO0 000000 000 0000 OOO0.
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2. Schematic Checklist

ESP32’s integrated circuitry requires only 20 resistors, capacitors and inductors, one crystal and one SPI flash
chip.

To better ensure the performance of ESP32, this chapter details ESP32 schematics design. ESP32 schematic is
shown in Figure 1.
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Figure 1: ESP32 Schematics

Notice:

¢ Figure 1 shows the connection for quad 3.3 V external flash/PSRAM. PSRAM CLK is from SCK/CLK or GPIO17.
¢ |n cases when quad 1.8 V external flash/PSRAM is used, R9 should be populated.

¢ In cases when quad 3.3 V SiP PSRAM (such as ESP32-DOWDR2-V3) or an external flash is used, PSRAM CLK is
from SCK/CLK. See Figure 1.

e Incases when quad 3.3V SiP flash (such as ESP32-U4WDH) is used, please refer to Figure 2 for its core schematic.
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Figure 2: Schematic for Quad 3.3 V SiP Flash

Any basic ESP32 circuit design may be broken down into 10 major sections:
® Power supply
e Power-on sequence and system reset
e Flash (compulsory) and SRAM (optional)
e Clock sources
e RF
e External capacitors
e ADC
e UART
e SDIO

e Touch Sensor

2.1 Power Supply

For further details of using the power supply pins, please refer to Section 00001 000000 in 00000 O0Z00 0000000

2.1.1 Digital Power Supply

ESP32 has pin37 VDD3P3_CPU that supplies power for CPU IO, in a voltage range of 1.8 V ~ 3.6 V. It is recom-

mended to add an extra 0.1 F decoupling capacitor close to this digital power supply pin.

Pin26 VDD_SDIO can serve as the power sullpy for the external device at either 1.8 V if GPIO12 is pulled high
during boot, or at 3.3 V if GPIO12 is pulled low during boot. By default, GPIO12 is pulled low.
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00 00000000 00000000
e When VDD_SDIO operates at 1.8V, it's powered by ESP32’s internal LDO. The maximum current this LDO
can offer is 40 mA, and the output voltage range is 1.65 V ~ 2.0 V. When the VDD_SDIO outputs 1.8V, it
is recommended that users add a 2 k ground resistor and a 4.7 F ground capacitor close to VDD_SDIO.
See Figure 3.
e When VDD_SDIO operates at 3.3V, it is driven directly by VDD3P3_RTC through a 6 resistor, therefore,
there will be some voltage drop from VDD3P3_RTC. When the VDD_SDIO outputs 3.3V, it is recommended
that users add a 1 F filter capacitor close to VDD_SDIO. See Figure 4.
VDD_SDIO can also be driven by an external power supply as shown in Figure 5.
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Figure 3: Schematic for 1.8 V VDD_SDIO Power Supply Pin
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Figure 4: Schematic for 3.3 V VDD_SDIO Power Supply Pin
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Figure 5: Schematic for VDD_SDIO Pin Powered by External Supply

Notice:
When using VDD_SDIO as the power supply pin for the external 3.3 V flash/PSRAM, the supply voltage should be 3.0 V
or above, so as to meet the requirements of flash/PSRAM’s working voltage.

2.1.2 Analog Power Supply

Pin1 VDDA, pin3 VDD3P3, pin4 VDD3P3, pind3 VDDA and pin46 VDDA are the analog power supply pins, working
at2.3V~3.6V

It should be noted that the sudden increase in current draw, when ESP32 is in transmission mode, may cause a
power rail collapse. Therefore, it is highly recommended to add another 10 F capacitor to the power trace, which
can work in conjunction with the 0.1 F capacitor. LC filter circuit needs to be added near VDD3P3 pins so as to
suppress high-frequency harmonics. The inductor’s rated current is preferably 500 mA and above. Refer to Figure
6 and place the appropriate decoupling capacitor near the other analog power pins.
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Figure 6: ESP32 Analog Power Supply Pins

2.1.3 RTC Power Supply

Pin19 VDD3P3_RTC of ESP32 is RTC and analog power pin. It is recommended to place a 0.1 F decoupling

capacitor near this power pin in the circuit. This power supply can not be used as a backup power since it is not
only for the RTC part.
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Figure 7: ESP32 RTC Power Supply
Notice:

e When use the single power supply, the recommended power supply voltage for ESP32 is 3.3 V and the output

current should be no less than 500 mA.

¢ |tis suggested that users add an ESD protection diode at the power entrance.

2.2 Power-on Sequence and System Reset

2.21

Power-on Sequence

ESP32 uses a 3.3 V system power supply. The chip should be activated after the power rails have stabilized. This

is achieved by delaying the activation of CHIP_PU after the 3.3 V rails have been brought up.

Figure 8 shows the power-up and reset timing of ESP32. Details about the parameters are listed in Table 1.

VDD

VDD3P3_RTC Min ---

to t
1
1
1

VILJRST -—-

CHIP_PU
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Figure 8: ESP32 Power-up and Reset Timing
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Table 1: Description of ESP32 Power-up and Reset Timing Parameters

Parameter | Description Min ( s)

to Time between the 3.3 V rails being brought up and CHIP_PU being activated | 50

ty Duration of CHIP_PU signal level < Vi1 nrsT 50
Notice:

To ensure that stable power is supplied to the ESP32 chip during power-up, it is advised to add an RC delay circuit at the
CHIP_PU pin. The recommended setting for the RC delay circuit is usually R = 10 k and C = 1 uF. However, specific
parameters should be adjusted based on the power supply features and the power-up timing and reset sequence timing
of the chip.

2.2.2 Reset

CHIP_PU serves as the reset pin of ESP32. The input level (V1 . rsT) for resetting the chip should be no more than
0.6 V and remain at least 50 s. More details can be found in Section 00000 000000 in 00000 00000 0000000
To avoid reboots caused by external interferences, the CHIP_PU trace should be as short as possible. A pull-up
resistor and a ground capacitor are highly recommended.

Notice:
CHIP_PU pin must not be left floating.

2.3 Flash (compulsory) and SRAM (optional)

ESP32 requires SiP flash or external flash to store application firmware and data. SiP PSRAM or external RAM is
optional.

2.3.1 SiP Flash and SiP PSRAM

SiP (System-in-Package) flash and SiP PSRAM refer to the flash and PSRAM that are integrated into the package,
depending on a chip variant. For the pin-to-pin mapping between the chip and SiP flash/PSRAM, please refer to
Table 2. The chip pins listed here are not recommended for other usage.

Table 2: Pin-to-Pin Mapping Between Chip and SiP Flash/PSRAM

ESP32-U4WDH SiP Flash (4 MB)
SD_DATA_1 100/DI
GPIO17 I01/DO
SD_DATA_O |02/ WPH#
SD_CMD |IO3/HOLD#
SD_CLK CLK
GPIO16 CS#
GND VSS
VDD_SDIO VDD
ESP32-DOWDR2-V3 | SiP PSRAM (2 MB)
SD_DATA_1 SIO0/S!
Espressif Systems 8 ESP32 Hardware Design Guidelines v3.3
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SD_DATA_O SI01/80
SD_DATA_3 Slo2
SD_DATA_2 SIO3
SD_CLK SCLK
GPIO16’ CE#
GND VSS
VDD_SDIO VDD

2.3.2 External Flash and External RAM

ESP32 can support up to 16 MB external flash and 8 MB external RAM. Make sure to select appropriate external
flash and RAM according to the power voltage on VDD_SDIO. It is recommended to add a 0  series resistor on
the SPI communication lines to lower the driving current, reduce interference to RF, adjust timing, and better shield
from interference.

The ESP32 schematics for the external quad flash/PSRAM is shown in Figure 1.

Note:
For the supported flash chips, see Section SPI Flash APl in ESP-IDF Programming Guide.

2.4 Clock Source

There are two clock sources for the ESP32, that is, an external crystal oscillator clock source and an RTC clock
source.

2.4.1 External Clock Source (compulsory)

Currently, the ESP32 Wi-Fi/Bluetooth firmware only supports 40 MHz crystal oscillator. In circuit design, capacitors
C1 and C2 which connect to the ground are added to the input and output terminals of the crystal oscillator
respectively. The specific capacitive values depend on further testing of, and adjustment to, the overall performance
of the whole circuit. It is recommended that users reserve a series resistor of 0 on the XTAL_P clock trace to
reduce the drive strength of the crystal, as well as to minimize the impact of crystal harmonics on RF performance.
Note that the accuracy of the selected crystal is +10 ppm. The schematic for crystal oscillator is shown in Figure
9.
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4VCN®B8BDVNFOUBWEIPBD L
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t 1JOT 4&/403@71PS4&/403@7/ XIMMUSJHHFSBOJOQVUHMJUDI MBTUJOH ¢
PS)BMM TFOTPS JT JOJUJBMI[FE

t 1JOT 4&/403@71PS 4&/403@7/JT SFDPNNFOEFE GPS VTF BT "%$

t *G 4&/403@71 BOE 4&/403@7/ BSF VTFE BT (1*0T XIIJMF "%$JT TVQQPSUF|
EFTJHO VTFSTOFFEUPEPTFUUJOHT JO TPGUXBSFUPBWPIJEUIFJOQVU |

t "%$ JT SFDPNNFOEFE PWFS "%$ BT UIF MBUUFSDBOOPUCF VTFE XIFO 8J

t $VSSFOUMZ I1JHI QSFDJTJIJPO "%$TBSFOPUTVQQPSUFE 5IFUXP Q' TBNI
BOE 4&/403@%$"11 4&/403@7/ BOE 4&/403@$%"1/ DBOCF SFNPWFE *O TVDI
CFVTFEBTHFOFSBM "%$TPS (1*0T

t 5/F SFDPNNFOEFE JOQVU WPMUBHF PG UIF "%$ JT CFMPX N7 BOE QSF(
N7 GPS IJHIFS DBMJCSBUJPO BDDVSBDZ 'P S%%BBJIM T4 RXAM FB P4#BIFEGTH & R

&YUFSOBM $BQBDJUPS

'"JHVSFTIPXT UIF TDIFNBUJD PG DPNQPOFOUT DPOOFDUFE UP QJO $"1 BOE
DPOOFDUTUP $"1 TIPVME CF PG UPMFSBODFBOEJT SFRVJSFEGPS QSPQF<
$"1 BOE $"1 QJOT NBZ CF PNJUUFE VOEFS DFSUBJO DPOEJUJPOT 5I1JT DJSEC
NPEF %VSJOH UIJT QSPDFTT UP NJOJNJ[F QPXFS DPOTVNQUJPO UIF WPMU
GSPN 7 UP BSPVOE 7 51F 3$ DJSDVJUJT VTFE UP NJOJNJ[F UIF QFSJPE F
QSPDFTT XJMM UBLF MPOHFSBOEUIFQPXFSDPOTVNQUIJPOJO %FFQ TMFFQ X
JT OPUVTIOH %FFQ TMFFQ NPEF PS QPXFS DPOTVNQUJPOJTMFTT DSJUJDBN

'JHVSF &41 &YUFSOBM $BQBDJUPS

6"35

6TFST OFFE UP DPOOFMIUBUPS UP UIF 6 59% MJOF JO PSEFS UP TVQQSFTT U]
TDIFNBUJD GPS &41 6"35JTTIPXOJO 'JHVSF

&TQSFTTJIG 4ZTUFENT &41 )YBSEXBSF %FTJHO (VJEFMJ(
4VCN®B8BDVNFOUBWEIPBD L
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'JHVSF &41 6"35

4%*0

5|lFSFBSFUXPTFUTPG (1*0T TMPU BOETMPU UIBUDBOCFBTTIJHOFE UP 4%*
8IFO &41 XPSLTBTBO 4%*0IPTUPSTMBWF DPOOFDU (1*0TJO TMPU UP TJH

$.% $-, %"5 %"5 %"5 %"5 /IPUF

6TFE UP DPOOFDU GMBTI| CZ E

AMPUY (1*0 | (1*0 | (1*0 | (1*0 | (1*0 | (1*0
SFDPNNFOEFE GPS PUIFS VTF

.WVMUJQMFYFE XJUIl +5"( |[UPVEL

AMPU (1*0 | (1*0 | (1*0 | (1*0 | (1*0 | (1*0
BOE TUSBQQJOH GVODUJPOT

/IPUFUIBU XIFODPOOFDUJOH (1*0T JO TMPU

t 8IFO &41 XPSLTBT 4%*0IPTU BEE QVMM VQ SFTJTUPST PO VTFE QJOT \
QVSQPTFT

t 8IFO &41 XPSLTBTBO4%*0 TMBWF BEEQVMM VQSFTJTUPSTPOBMMQJO
PS OPU VOVTFEQJOTDBOOPUCFVTFEGPS PUIFSQVSQPTFT

'PS NPSFJOGPSNBUJPO PO 4%*0 DPOGAIBF&SFSFRODO KYMFBTF SFGFS UP

SPVDI4FOTPS

8IFOVTJOHUIFUPVDIGVODUJPO JUJT SFDPNNFOEFEUPSFTFSWFBTFSJFT S|
OPJTFBOEJOUFSGFSFODF PO UIF MIOF BOEUP TUSFOHUIFO UIF &4% QSPUF
a L QSFGFSBCMIF TQFDIJGJD WBMVFBMTP EFQFOET PO UIFUFTUJOH PG UIF

&TQSFTTJIG 4ZTUFENT &41 )YBSEXBSF %FTJHO (VJEFMJ(
4VCN®B8BDVNFOUBWEIPBD L
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1$# -BZPVU %FTJHO

51 JT DIBQUFS JOUSPEVDFT UIF LFZ QPJOUT PG EFTJHOJOH &41 1%$# MBZPVL
%

8IIMFUIFIJHIMFWFMPGJOUFHSBUJPO NBLFTUIF1$#EFTJHOBOE MBZPVUQS
TUSPOHMZ EFQFOET PO TZTUFN EFTJHO BTQFDUT 5P BDIJFWF UIF CFTU PWF
HVJEFMJOFT TQFDJGJFE JO UIJT EPDVNFOU GPS DJSDVJU EFTJHO BOE 1$# M
HPPE 1$# EFTJHO TUJMM BQQMZBOE UIJT EPDVNFOUJT OPUBO FYIBVTUJWF M

5I|1F 1$# MBZPVU EFTJIHO HVJEFMJOFT BSFBQQMJDBCMF UP DBTFT XIFO UIF
t 441 NPEVMF GVODUJPOTBTBTUBOEBMPOF EFWJIJDF BOE XIFO UIF
t &41 GVODUJPOTBTBTMBWF EFWJDF

5IF &41 1$# MBZPVU EFTIJHO JT TIPXO JO 'JHVSF

'JHVSF &41 1$#-BZPVU

4UBOEBMPOF &41 .PEVMF

(FOFSBM 1SJODJQMFT PG 1$# -BZPVU
8F SFDPNNFOE B GPVS MBZFS 1$# EFTJHO
t 51F GJSTUMBZFSJT UIF 501 MBZFS GPS TIHOBM USBDFT BOE DPNQPOFOUT

&TQSFTTJIG 4ZTUFENT &41 )YBSEXBSF %FTJHO (VJEFMJ(
4VCN®B8BDVNFOUBWEIPBD L
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t 5IFTFDPOE MBZFSJT UIF (/% MBZFS XJUIPVUTJHOBMUSBDFTCFJOH SPVU

t 5IFUIJSEMBZFSJTUIF108&3 MBZFS XIFSFB (/% QMBOF TIPVME CFBQQMJF
PTDIMMBUPS QBSU *U JT BDDFQUBCMF UP SPVUF TIHOBM USBDFT PO UlI.
QMBOF VOEFS UIF3'"BOEDSZTUBM PTDIJMMBUPS

t 5I1FF GPVSUIMBZFSJT UIF #0550. MBZFS XIFSF QPXFS USBDFT BSF SPVUFE
JT OPU SFDPNNFOEFE

#FMPX BSF UIF TVHHFTUJPOT GPS B UXP MBZFS 1$# EFTJHO
t 51FF GJSTUMBZFSJT UIF 501 MBZFS GPS USBDFTBOE DPNQPOFOUT

t 51§F TFDPOE MBZFS JT UIF #0550. MBZFS 1MFBTF EP OPU QMBDF BOZ DPNQ
UP BNJOJNVN *EFBMMZ JUTIPVME CFBDPNQMFUF (/% QMBOF

1PTJUJPOJOHBO &41 .PEVMF PO B #BTF #PBSE

*GVTFSTBEPQUPO CPBSEEFTJHO UIFZTIPVMEQBZBUUFOUJPOUPUIFMBZP
GFSFODFPGUIFCBTFCPBSEPOUIFNPEVMF TBOUFOOB QFSGPSNBODF TIPVI

51F NPEVMF TIPVMECF QMBDFEBTDMPTF UP UIFFEHF PG UIFCBTF CPBSE BT (
CFQMBDFE PVUTJEFUIFCBTFCPBSE XIFOFWFS QPTTJCMF *OBEEJUJPO UIF
UP UIF CPBSE BTIPXVSF

*GUIFSFJTCBTFCPBSEVOEFSUIFBOUFOOBBSFB JUJT SFDPNNFOEFEUPDV
8IFO EFTJHOJOH UIF XIPMF EFWJDF QBZ BUUFOUJPO UP UIFJNQBDU PG UIF I
'JHVSFQPTJUJPOT BOE BSF IJHIMZ SFDPNNFOEFE PO UIF CBTF CPBSE XIJ
SFDPNNFOEFE

'JHVSF &41 .PEVMF"OUFOOB 1PTJUJPO PO #BTF #PBSE

&TQSFTTJIG 4ZTUFENT &41 )YBSEXBSF %FTJHO (VJEFMJ(
4VCN®B8BDVNFOUBWEIPBD L
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*G UIF QPTJUJPOT SFDPNNFOEFE BSF OPU TVJUBCMF QMFBTF NBLF TVSF Ul
TIFMM 5IFBOUFOOBBSFBPGUIFNPEVMFBOE UIF BSFB NN PVUTJEF UIF BO
DPQQFS SPVUJOH DPNQPOFOUTPOJU BTTIPXOJO 'JHVSF

'JHVSF ,FFQPVU ;POF GPS &41 .PEVMF T"OUFOOBPO UIF #BTF #

1PXFS 4VQQMZ
t '"PVS MBZFS 1$# EFTJHO

0'PVS MBZFS 1$# EFTJHO JT SFDPNNFOEFE PWFS UXP MBZFS EFTJHO 3
CPUUPN MBZFS XIFOFWFS QPTTJCMF 7JBT BSF SFRVJSFE GPS UIF QF
HFU DPOOFDUFE UP UIF QJOT PO UIF UPQ MBZFS 5IFSF TIPVME CF BU |
USBDFTDSPTT MBZFST 5IFESIJIMMEJBNFUFS PO PUIFS QPXFS USBDFT
QPXFS USBDFT

05IF 7QPXFSUSBDFT IJHIMJHIUFEJO ZFMMPX BSSF R3PFNUIFE@SUT IFIREB O
QPXFSUSBDFTTIPVMECFHSFBUFSUIBO NJM 5IF XJEUIPG UIF QP XF¢
BUMFBTU NJM SIF XJEUI PG PUIFS QPXFS USBDRT TNBMME CF XJUIJO

0o"TTIPXOJO'JHB/GBR4% QSPUFDUJPO EJPEFJT QMBDFEDMPTFUPUIF QP.
" -'DBQBDJUPSJTSFRVIJSFECFGPSFUIFQPXFSUSBDFDPOOFDUTUIF
XJul B -'"DBQBDJUPS 5IFOUIF QPXFS SPVUJOHJT EJWJEFE JOUP UX
QJO TIPVME CF SPVUFE UPHFUIFS UP SFEVDFUIFDPVQMJOH CFUXFFO

0*UJT SFRVIJSFE UP QMBDF $ DBQBDJUPS BOE - JOEVDUPS OFBS UIF
'JHVSF$ -' JTQMBDFE BU UIF FOUSBODF PG UIF QPXFS BOE $ -

UIFDIJQ TBOBMPH QPXFS QJOT 8IFOQPTTJCMF BEEB -'"DBQBDJUF
/PUFUIBUBMMEFDPVQMJOH DBQBDJUPST TIPVME CF QMBDFE DMPTF L
CFBEEFEBEKBDFOUUP UIFHSPVOE QJO GPS UIFEFDPVQMJOH DBQBD.

o5|F HSPVOE QBE BU UIF CPUUPN PG UIF DIJQ TIPVME CF DPOOFDUFE UF
OJOF HSPVOE WIJBT

&TQSFTTJIG 4ZTUFENT &41 )YBSEXBSF %FTJHO (VJEFMJ(
4VCN®B8BDVNFOUBWEIPBD L
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/IPUF
*GZPVOFFEUPBEEBUIFSNBM QBE &1"% VOEFS UIFDIJQPOUIFCPUUPNPGUIFN
B OJOF HSJEPOUIF &1"% DPWFS UIFHBQT XJUIJOL BOEQMBDF HSPMOE WJIBT J
DBO BWPJE UJO MFBLBHF XIFOTPMEFSJOH UIF NPEVMF &1"% UP UIF TVGQTUSBUF

'JHVSF &41 1PXFS5SBDFTJOB'PVS MBZFS 1$# %FTJHO

'JHVSF /JOF (SJE %FTIJHO GPS &1"%

t 5XP MBZFS 1$# EFTJHO

*OB UXP MBZFS 1$# EFTJHO UIF 7 QPXFS USBDFT BSF SPVUFE BT TIPXC
*O DPOUSBTU UPUIFEFTIJHO QSBDUJDFT GPS B GPVS MBZFS 1$# EFTJHO |
TIPVME CF SPVUFE PO UIFUPQ MBZFS UIVT SFRVJSJOH B SFEVDFE TJ[F P(
3PVUFUIFQPXFSUSBDFT CFUXFFOUIFUIFSNBM QBEBOEJUT TVSSPVOEJC

&TQSFTTJIG 4ZTUFENT &41 )YBSEXBSF %FTJHO (VJEFMJ(
4VCN®B8BDVNFOUBWEIPBD L
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QPXFS USBDFTIBWF UP SFBDIUIF CPUUPN MBZFS 5IF QVSQPTF PG UIJT Q¥
QMBOF XIJMF SFEVDJOH UIF TVSSPVOEJOHBSFB PG UIF QPXFS USBDFT

OUIFSHPPE QSBDUJDFTGPS SPVUJOHQPXFSUSBDFTJO GPVS MBZFS 1$#E

'JHVSF &41 1PXFS5SBDFTJO BS5XP MBZFS 1$# %FTJHO

$SZTUBM OTDIJMMBUPS
'PSEFTIHOPGUIFDSZTUBMPTDJMMB U P S“DFDAEEIRLO ROM BBA 6 B MBIPXU G HIHIWYM

t 5IFDSZTUBM PTDJMMBUPS TIPVME CF3 M8 BP ENGNBFSOEFENABIG DM PTOWNRIED
QSBDUJDF UP BEE IJHI EFOTJUZ HSPVOE WJB TUJUDIJOH BSPVOE UIF DMF
DMPDL TIHOBM

t 51FFSFTIPYMECF OPWJBT GPS UIFDMPDLJOQVU BOE PVUQVUUSBDFT XI1J

t 8IFOQPTTJCMF UIFFYUFSOBM SFHVMBUJOH DBQBDJUPS TIPVME CF QMBI
PTDJMMBUPS BOEBUUIFFOEPGUIFDMPDLUSBDF UP NBLF TVSF UIF HSP
UIFDSZTUBM PTDJMMBUPS

t %P OPU SPVUF IJHI GSFRVFODZ EJHJUBM TJHOBM USBDFT VOEFS UIF DSZT
USBDF VOEFS UIF DSZTUBM PTDJMMBUPS 5IF WJBT PO UIF QPXFS USBDF
TIPVMECF QMBDFE BT GBS BXBZ GSPNUIFDMPDLUSBDFBT QPTTJCMF BC
CFTVSSPVOEFECZHSPVOEJOHDPQQFS

t"TUIFDSZTUBM PTDIJMMBUPSJTBTFOTJUJWF DPNQPOFOU EP OPU QMBD
DBVTF JOUFSGFSFODF GPS FYBNQMF MBSHF JOEVDUBODF DPNQPOFOU
HSPVOE QMBOF BSPVOE UIFDSZTUBM PTDJMMBUPS

&TQSFTTJIG 4ZTUFENT &41 )YBSEXBSF %FTJHO (VJEFMJ(
4VCN®B8BDVNFOUBWEIPBD L
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'JHVSF &41 $SZTUBMOTDIJMMBUPS -BZPVU

3l
t 'PVS MBZFS 1$# EFTJHO
*OBGPVS MBZFS1$#EFTJHO UIF3'USBDFJT SPVUFE BTGTHFMX{ B S BBIWRFHITE
3" INQFEBODF NVTWBLOFHSPVOE QMBOF PO UIF BEKBDFOU MBZFS OFFET UP

LFFQUIF XJEUIPGUIF3'USBDFDPOTJTUFOU BOE EP OPUCSBODIUIF USB
QPTTIJCMF XJUIEFOTF HSPVOE WJB TUJUDIJOH BSPVOE JU GPSJTPMBUJP

JPXFWFS UIFSF TIPVME CF OP WJIJBT GPS UIF 3' USBDF 5IF3'"USBDF TIPVM
DJSDVMBS BSDTJG USBDF CFOET BSF SFRVJSFE

UZQF NBUDIJOH DJSDVJUSZ TIPVME CF SFTFSWFE PO UIF 3'"USBDF BOE Q

/P1JHI GSFRVFODZ TJHOBM USBDFT TIPVME CF SPVUFEDMPTF UP UIF 3' U
BXBZ GSPN IJHI GSFRVFODZ USBOTNJUUJOH EFWJDFT TVDIBT DSZTUBM
FUD

*OBEEJUJPO UIF64# QPSU 64# UP 6"35DI1JQ 6"35 TJHOBM MJOFT JODM
QJOT FUD NVTUCFBTGBSBXBZGSPNUIFBOUFOOBBTQPTTJCMF *UJT
UIF6"35 TJHOBM MJOF

t 5XP MBZFS 1$# EFTJHO
*OBUXP MBZFS 1$#EFTJHO UIF3'USBDFJT SPVUFE BT THF>XQ) BEJHI MG HJIIUFF |
3'"USBDF TIPVYME CF HSFBUFS UIBO UIBU PG UIF 3' USBDF JO B GPVS MBZF!
BDUVBM XJEUIEFQFOETPOUIFIJNQFEBODF GPSNVMB XIFSFIJNQFEBODF S
PO UIF OVNCFS PG 1$# MBZFST

OUIFSHPPE QSBDUJDFT GPS SPVUJOH 3' USBDFTJO GPVS MBZFS 1$# EFTJ

&TQSFTTJIG 4ZTUFENT &41 )YBSEXBSF %FTJHO (VJEFMJ(
4VCN®B8BDVNFOUBWEIPBD L
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'JHVSF &41 3'-BZPVUJO B 'PVS MBZFS 1$# %FTJHO

'JHVSF &41 3'-BZPVUJO B5XP MBZFS 1$# %FTJHO

‘MBTI 143",

3PVUF UIF 41* USBDFT PG UIF GMBTI BOE 143". PO UIF JOOFS MBZFS F H Ul
HSPVOE WJBT BSPVOE UIFDMPDL BOE EBUB USBDFT PG 41* TFQBSBUFMZ 5IF
TIPXOJO '"JHVSF

&YUFSOBM 3%

&YUFSOBM SFTJTUPSTBOE DBQBDJUPSTTIPVMECF QMBDFE DMPTF UP UIF DI.
USBDFT 1MFBTF FOTVSF UIBU O'DBQBDJUPSTBSFQMBDFEDMPTF UP UIF Q

6"35

SIFTFSJFT SFTJTUPS PO UIF6 59% MJOF OFFETUPCF QMBDFEBTDMPTF UP U]
BT QPTTJCMF CEFMPXFTIPXT BO FYBNQMF PG 6"35 EFTJHO

&TQSFTTJIG 4ZTUFENT &41 )YBSEXBSF %FTJHO (VJEFMJ(
4VCN®B8BDVNFOUBWEIPBD L
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'JHVSF &41 'MBTIBOE 143".-BZPVU

'JHVSF &41 6"35%FTJHO

SPVDI4FOTPS

&41 PGGFSTVQUP DBQBDJUJWF*0OTUIBUEFUFDUDIBOHFTJODBQBDJUBOI
QSPYJNJUZ 5IFDIJQ TJOUFSOBMDBQBDJUBODF EFUFDUJPO DJSDVJU GFBUYV
VTFUPVDIQBET XJUITNBMMFS BSFB UP JNQMFNFOU UIF UPVDI EFUFDUJPO G
BSSBZUP EFUFDUB MBSHFS BSFB PSENRSPUFBWZRJOBM UPHADIH FOTPS BQQ M

&TQSFTTJIG 4ZTUFENT &41 )YBSEXBSF %FTJHO (VJEFMJ(
4VCN®B8BDVNFOUBWEIPBD L
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'JHVSF "5ZQJDBM 5PVDI4FOTPS "QQMJIDBUJPO

*OPSEFSUPQSFWFOUDBQBDJUJWFDPVQMIJOHBOE PUIFSFMFDUSJDBM JOUF
UIFGPMMPXJOH GBDUPST TIPVYMECF UBLFO JOUP BDDPVOU

&MFDUSPEF 1BUUFSO

5F QSPQFS TJ[F BOE TIBQF PG BO FMFDUSPEF JNQSPWFT TZTUFN TFOTJUJW.

NBO GJOHFSUJQJT DPNNPOMZ BQQMJFE -BSHF TJ[FPSJSSFHVMBS TIBQF N.
FMFDUSPEFT

'JHVSF &MFDUSPEF 1BUUFSO 3FRVIJSFNFOUT

/IPUF
5[FFYBNQMFTIJMMVTUBSEPPU®PGBOWENVBM TDBMF *UJT TVHHFTUFE UIBU VITFST VTF

&TQSFTTJIG 4ZTUFENT &41 )YBSEXBSF %FTJHO (VJEFMJ(
4VCN®B8BDVNFOUBWEIPBD L
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1$# -BZPVU
5/l[FGPMMPXJOH BSF HFOFSBM HVJEFMJOFT UP SPVUJOH USBDFT
t 5I1§FUSBDF MFOHUI TIPVME OPU FYDFFE NN
t 5I1§FUSBDF XJEUI 8 DBO OPUCF MBSHFS UIBO N N NJM
t 5IFBMJHONFOU BOHMF 3 TIPVME OPUCF MFTT UIBO «
t 5l7FUSBDF UP HSPVOE HBQ 4 TIPVMECFJO UIF SBOHF PG NN U

t 5I1§F FMFDUSPEF EJBNFUFS % TIPVME CFJO UIF SBOHF PG NNUP

P NN

N N

t ) BUDIFEHSPVOE TIPVME CF BEEFEBSPVOE UIF FMFDUSPEFT BOE USBDFT

t 5I17FUSBDFT TIPVMECFJTPMBUFE XFMM BOE SPVUFE BXBZ GSPN UIF BOUFC(

'JHVSF 4FOTPS 5SBDL 3PVUJOH 3FRVJSFNFOUT

/IPUF
'PS NPSFEFUBJMT PO UIFIBSEXBSF EFTIJHO PG &4&841U RB\WPL/IDI ARG DAY SO"NDREBVT

&41 BT BA4MBWF %FWJDF

8IFO &41 XPSLTBTBTMBWFEFWJIJDFJOBTZTUFN UIFVTFS OFFET U

FDSBRGIPD L

PQBZ NI

1$# EFTJHO *UJTJNQPSUBOU UPLFFQ &41 BXBZ GSPNUIFJOUFSGFSFODFT
BOEBOJODSFBTFE OVNCFS PG IJHI GSFRVFODZ TIJHOBMT 8F VTF UIF NBJOC

IFSFUP QSPWJEF HVJEFMJOFT GPS UIF 1$# MBZPVU BOE EFTJHO

5|lF EJHJUBM TIHOBMT CFUXFFO UIF $16 BOE %% 3 BSF UIF NBJO QSPEVDFST P

XJul 8J 'J SBEJP 5IFSFGPSF UIFGPMMPXJOH TIPVME CF OPUFE XJUI

SFHBSE

t"TDBOCFTFFO JO &MHVSFIPVYME CF QMBDFE OFBS UIF FEHF PG UIF 1$# BOE
BOE %%3 UIF NBJO IJHI GSFRVFODZ OPJTF TPVSDFT 5IF EJTUBODF CFU>
EFDSFBTFT UIFJOUFSGFSFODF BOE SFEVDFT UIF DPVQMFE OPJTF

t*UJT TVHHFTUFE UIBU B TFSJFT SFTJTUPS CF SFTFSWFE PO UIF T

JY TIHO

UIF $16 WJB 4%*0 UP EFDSFBTF UIF ESIJWF DVSSFOUBOE BOZ JOUFSGFSFC

QSPCMFNDBVTFECZUIFJODPOTJTUFOU MFOHUIPG UIF 4%*0 USB

&TQSFTTJIG 4ZTUFENT &41 )YBSEXBSF %FTJHO (
4VCN®B8BDVNFOUBWEIPBD L

DFT

VIJEFMJ(
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'JHVSF 1"% 57 #PY -BZPVU

t 00 CPBSE 1$# BOUFOOB JT OPU SFDPNNFOEFE BT JU SFDFJWFT NVDI JOU
XIJDI'IJNQBDU UIF 3' QFSGPSNBODF 8F TVHHFTU UIBU ZPV VTF BO FYUFSO
BXBZ GSPNUIF 1$# CPBSEWJBB DBCMF JOPSEFS UP XFBLFO UIFIJHI GSF

t 51F IJHI GSFRVFODZ TIHOBM USBDFT CFUXFFO UIF $16 BOE BTTPDJBUFE
DPSEJOHUPUIF SPVUJOHHVJEFMJOFT QMFBTF SFGFS UP UIF %%3 USBDF
BEEHSPVOE WJBTBSPVOE UIF $-, USBDFT TFQBSBUFMZ BOE BSPVOE UIF (

t 51F (/% PG UIF 8J 'J DJSDVJU BOE UIBU PG PUIFS IJHI QPXFS EFWJDFT TII
UISPVHI XJSFTJG UIFSFBSFIJHI QPXFS DPNQPOFOUT TVDIBT NPUPST J

t 5IFBOUFOOB TIPVME CFLFQUBXBZGSPNIJHI GSFRVFODZ OPJTF TPVSDFT
64# FUD

5Z2QJDBM -BZPVU 1SPCMFNT BOE 4PMVUJPOT

2 5/l1FDVSSFOU SJIQQMFJTOPUMBSHF CVUUIF59QFSGPSNB

"OBMZTJT

51F DVSSFOU SIJIQQMF IBT B TUSPOH JNQBDU PO UIF 3' 59 QFSGPSNBODF *U"

UFTUFE XIFO &41 JT JO UIF OPSNBM XPSLJOH NPEF 5IF SIQQMF JODSFBTFT
NPEF

(FOFSBMMZ UIF QFBL UP QFBL WBMVF PG UIF SIQQMF TIPVME CF N7 XIFO &
N7 XIFO &41 TFOET C NOQBDLFUT

4PMVUJPO

"EEB 'GJMUFS DBQBDJUPS UP UIF CSBODI PG UIF QPXFS USBDF UIF CSBO!

QJO 5IF DBQBDJUPS TIPVME CF BT DMPTF UP UIF BOBMPH QPXFS QJO BT QF
SIQQMFT

&TQSFTTJIG 4ZTUFENT &41 )YBSEXBSF %FTJHO (VJEFMJ(
4VCN®B8BDVNFOUBWEIPBD L
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2 51lF QPXFS SIJIQQMFJT TNBMM CVU 3'59 QFSGPSNBODF JT
"OBMZTJT

51F 3'59 QFSGPSNBODF DBO CF BGGFDUFE OPU POMZ CZ QPXFS SJQQMFT CV
RvBMJUZ BOE CJH GSFRVFODZ PGGTFUT PG UIFDSZTUBM PTDIJMMBUPS EFDS
DMPDLNBZCFDPSSVQUFECZPUIFSJOUFSGFSJOHTJHOBMT TVDIBTIJHI TQ
GSFRVFODZTJHOBMUSBDFT TVDIBTUIF4%*0USBDFBOEG6"35USBDF VOEFS |
NBMGVODUJPO PG UIFDSZTUBM PTDIJMMBUPS #FTJEFT TFOTJUJWF DPNQPO
BOEBOUFOOBT NBZBMTP EFDSFBTF UIF 3" QFSGPSNBODF

4PMVUJPO

5[ JTQSPCMFENJTDBVTFECZJIJNQSPQFS MBZPVU BOE DBO CFRGIPRBVBFUBCM SF MB

2 8IFO &41 TFOET EBUB QBDLBHFT UIF QPXFS WBMVF JT N
UIBOUIFUBSHFU QPXFS WBMVF BOE UIF &7.JT SFMBUJWFM

"OBMZTJT

51FEJTQBSJUZCFUXFFOUIFUFTUFEWBMVFBOEUIFUBSHFUWBMVFNBZCFEYV
NJTNBUDIPO UIFUSBOTNJTTJPO MIOFDPOOFDUJOHUIF3'QJOBOE UIF BOUF(
BGGFDUUIF XPSLJOHTUBUF PG UIFJOUFSOBM 1" NBLJOHUIF1"QSFNBUVSFN
XBZ 5IF &7. CFDPNFT QPPSBTUIFTIJHOBM EJTUPSUJPO IBQQFOT

4PMVUJPO

.BUDIUIFBOUFOOB TIJNQFEBODBZXQUB IDUIFCBWIIIFFBWBEF 3' USBDF TP UIBUJNQF|
BT TFFOGSPNUIF3'QJONBUDIFTDMPTFMZ XJUIUIBU PG UIFDIJQ 5I1JT SFEVI

2 59 QFSGPSNBODFJT OPUCBE CVUUIF39 TFOTJUIJWJUZ J°
"OBMZTJT

(PPE59 QFSGPSNBODF JOEJDBUFT QSPQFS 3' JNQFEBODF NBUDIJOH &YUFSC
39 QFSGPSNBODF 'PSJOTUBODF UIFDSZTUBM PTDIJMMBUPS TIHOBM IBSNP(
39 USBDFT PG 6"35 DSPTT PWFS XJUI 3' USBDF UIFO UIFZ XJMM BGGFDU UIF ¢
BTBTMBWF EFWJDF UIFSF XJMM CF PUIFS IJHI GSFRVFODZ JOUFSGFSFODF T
QFSGPSNBODF

4PMVUJPO

,FFQUIF BOUFOOBBXBZ GSPNDSZTUBM PTDJMMBUPST %P OPU SPVUF IJHI C
)JJHI QFSGPSNBODF EJHJUBM DJSDVJUSZ TIPVME CF QMBDFE BXBZ GSPN UIF 3
TFDUJEPS EFUBIJMT

&TQSFTTJIG 4ZTUFENT &41 )YBSEXBSF %FTJHO (VJEFMJ(
4VCN®B8BDVNFOUBWEIPBD L




)"3%8"3& W&7&-01.&/5

JBSEXBSF %FWFMPQNFOU

&TQSFTTJG EFTJHOT BOE NBOVGBDUVSFT B MBSHF WBSJFUZ PG NPEVMFT BO|
UIF &41 GBNJMZPGDIJQT

'PSBMIJTUPGUIFMBUFTU WFSTJPOT PG &41 NPEVMFT B@E EP BR\FNBRXENF O U (
#PBSET

5P SFWJFX NPEVMF SFGFSFODF¥eRFFOVNPO WBWDWABIRODAEGRITQSFTTIG XFCTJUF
/IPUFT POG6TJOH .PEVMFT

t 5/lF NPEVMF VTFT POF TIOHMF QJO BT UIF QPXFS TVQQMZ QJO 6TFST DBO
TVQQMZ S5IF 7 QPXFSTVQQMZ XPSLT CPUI GPS UIFBOBMPH DJSDVJU BO

t 51F &/ QJOJT VTFE GPS FOBCMJOH UIF DIJQ 4FU UIF &/ QJO IJHI GPS OPS
EFMBZ DJSDVJU PO UIF NPEVMF *UJT SFDPNNFOEFE UIBU VTFST BEE BO |
'PSEFUBIMT QMFBTF SFGFS UP 4FDUJPO

t -FBE UIF (/% 39% 59% QJOT PVUBOE DPOOFDU UIFN UP B 64# UP 6"35 UPF
QSJOUJOHBOEDPNNVOJDBUJPO

#ZEFGBVMU UIFJOJUJBM GIJSNXBSFIBTBMSFBEZCFFO EPXOMPBEFE JO UIF G
UIFZTIPVME GPMMPX UIFTUFQT CFMPX

4FU UIF NPEVMF UP 6"35 %PXOMPBE NPEF CZ QVMMJOH *0 QVMMFE VQ C
EFGBVMU MPX S5IFDIJQ *0T BSFQVMMFE EPXO JOUFSOBMMZ CZEFGBVMU

1PXFSPOUIFNPEVMFBOEDIFDLUISPVHIUIFTFSIBM UFSNJOBMJG UIF 6"

%PXOMPBE UIF GJSNXBSF 'WH BIWw B DIVGRPIPRO H U | F

"GUFS EPXOMPBEJOH QVMM *0 IJHIPS KVTU MFBWF JU GMPBUJOH BOE V1
#PPU NPEF

I1PXFSPOUIFNPEVMFBHBJO 5IFDIJQ XJMM SFBEBOE FYFDVUF UIF GJSN?

/IPUJDF

t %VSIJOHUIF XIPMF QSPDFTT VTFSTDBODIFDLUIFTUBUVTPGUIFDIJQ XJUIUIF M
DBOOPUCF EPXOMPBEFEPS FYFDVUFE VTFSTDBODIFDLJG UIF XPSLJOHNPEFJ
MPPLJOHBU UIF MPH

t 5IFTFSJBMUPPMDBOOPUCFVTFE GPS CPUIUIFMPH QSJOUBOE GMBT| EPXOMP

&TQSFTTJIG 4ZTUFENT &41 )YBSEXBSF %FTJHO (VJEFMJ(
4VCN®B8BDVNFOUBWEIPBD L




"11-*$"5*0/4

"QQMJDBUJPOT

&41 4NBSU"VEJP 1MBUGPSN

&41 -ZSBS5"VEJP %FWFMPQNFOU #PBSE

&41 -ZSB5JTBOPQFO TPVSDFEFWFMPQNFOUCPBSEGPS&TQSFERTIG HZTUFI
*UJTEFTJHOFEGPSTNBSUTQFBLFSTBOETNBSU IPNFBQQMJDBUJPOT 5IFEF
8307&3 # NPEVMF B .JDSP 4% DBSE FYQBOTJPOJOUFSGBDFT UPVDICVUUPO
UIF RVJDL BOE FBTZ EFWFMPQNFOU PG EVBM NPEF #MVFUPPUI 8J'J BVE.
8J 'J DPOGJHVSBUJPO B XBLF VQ CVUUPO WPJDF XBLF VQ WPJDF SFDPHO.
QMBZFS

5I1F &41 -ZSB5 TNBSUBVEJP CPBSEIBT UIFGPMMPXJOH GFBUVSFT

t 7BSJPVT NBJOTUSFBN CPUIMPTTZBOE MPTTMFTT DPNQSFTTFE BVEJP GF
0164 .1 FUD

t 0OOF LFZDPOGJHVSBUJPO BOE XBLF VQGSPNUIFTUBOECZ NPEF

t 4PGU"1 BOE 4UBUJPO NPEF

t 7TBSIJPVT XJSFMFTT QSPUPDPMT 8J 'J CHO $MBTTJD #MVFUPPUI BOE
t"TFSJFTPGBVEJPJOQVUT JODMVEJOH 8J 'J #MVFUPPUI BVEJP %-/" -JC
t #MVFUPPUI -& OFUXPSLDPOGJHVSBUJPO BOE TNBSUOFUXPSL DPOGJHV?E
t 5XP NJDSPQIPOFT GPS UIFEFWFMPQNFOU PG OFBS GIJIFMEBOE GBS GJFMI
t 1IFSJQIFSBMT GPS EJGGFSFOUJBUFE EFNBOET

'JHVSBOE TIPXUIFUPQ WIFX BOE CPUUPNWJFX PG &41 -ZSB5

'JHVSF S5PQ 7JFX PG &41 -ZSB5

&TQSFTTJIG 4ZTUFENT &41 )YBSEXBSF %FTJHO (VJEFMJ(
4VCN®B8BDVNFOUBWEIPBD L







	1 Overview
	2 Schematic Checklist
	2.1 Power Supply
	2.1.1 Digital Power Supply
	2.1.2 Analog Power Supply
	2.1.3 RTC Power Supply

	2.2 Power-on Sequence and System Reset
	2.2.1 Power-on Sequence
	2.2.2 Reset

	2.3 Flash (compulsory) and SRAM (optional)
	2.3.1 SiP Flash and SiP PSRAM
	2.3.2 External Flash and External RAM

	2.4 Clock Source
	2.4.1 External Clock Source (compulsory)
	2.4.2 RTC (optional)

	2.5 RF
	2.6 ADC
	2.7 External Capacitor
	2.8 UART
	2.9 SDIO
	2.10 Touch Sensor

	3 PCB Layout Design
	3.1 Standalone ESP32 Module
	3.1.1 General Principles of PCB Layout
	3.1.2 Positioning an ESP32 Module on a Base Board
	3.1.3 Power Supply
	3.1.4 Crystal Oscillator
	3.1.5 RF
	3.1.6 Flash & PSRAM
	3.1.7 External RC
	3.1.8 UART
	3.1.9 Touch Sensor

	3.2 ESP32 as a Slave Device
	3.3 Typical Layout Problems and Solutions
	3.3.1 Q: The current ripple is not large, but the TX performance of RF is rather poor.
	3.3.2  Q: The power ripple is small, but RF TX performance is poor.
	3.3.3 Q: When ESP32 sends data packages, the power value is much higher or lower than the target power value, and the EVM is relatively poor.
	3.3.4 Q: TX performance is not bad, but the RX sensitivity is low.


	4 Hardware Development
	5 Applications
	5.1 ESP32 Smart Audio Platform
	5.1.1 ESP32-LyraT Audio Development Board
	5.1.2 ESP32-LyraTD-MSC Audio Development Board

	5.2 ESP32 Touch Sensor Application—ESP32-Sense Kit
	5.3 ESP-Mesh Application—ESP32-MeshKit

	Revision History

