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1. RF

RF

<

-

1.1, HISnPCECFD4DEL
1.1.1. BF BRI RIS R ERE?

TRERERROR T EIN RS PA BIRIESY, ANSRIEFER (RFRY) &
BN, FEWTEIN:

° TEFUMLEAHER—TMEIT 2.4 pF RNRIXIHEEBE, PIRGFHb 1L B SMEE B _EROZ

BUEEST
o EPAREE (k3. 4 &) ANOEIN—DBEBRAIRTED PA BIRZEEE
5,

1.2. Wi-Fi 1488
1.2.1. REDE SN Wi-Fi A R EREFER A FLE?

Standard ESP32 ESP32 B
Standard/Speed (bps) TXEVM (db) TX Power (dbm) TX EVM (db) RX S(ggrs'i];ivity
802.11b 1M 10 19.5+ 2 dB 17 98
802.11b 2M 10 195+ 2 dB 17 96
802.11b 5.5M 10 195+ 2 dB 17 _94
802.11b 11M 10 19.5+ 2 dB 17 ~91
802.11g 6M 5 18+ 2 dB 19 93
802.11g 9M -8 18+ 2 dB 19 92
802.11g 12M 10 18+ 2 dB 19 90
802.11g 18M 13 18+ 2 dB 20 88
802.11g 24M 16 16.5+ 2 dB 20 85
802.11g 36M 19 16.5+ 2 dB 24 82
802.11g 48M 22 15+ 2 dB 26 78
802.11g 54M 5 14+ 2 dB o7 74
802.11n HT20 MCS0/65M/7.2M -5 18+ 2 dB 19 90
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1.2.2. 80 MHz (SN BERE1Z AN FIR?

# 80 MHz {Z5MZ8UE8 R, 70 160 MHz, 240 MHz. 320 MHz ZH9LEiRS, PIELIZEHUE
(TXD) & %R EEEF— P FRELN 470 Q B9ERE, ENFIA NI 80 MHz /Z5MZEY.,

802.11n HT20 MCS1/13M/14.4M

802.11n HT20 MCS2/19.5M/21.7M

802.11n HT20 MCS3/26M/28.9M

802.11n HT20 MCS4/39M/43M

802.11n HT20 MCS5/52M/57.8M

802.11n HT20 MCS6/58.5M/65M

802.11n HT20 MCS7/65M/72.2M

802.11n HT40 MCS0/6.5M/7.2M

802.11n HT40 MCS1/13M/14.4M

802.11n HT40 MCS2/19.5M/21.7M

802.11n HT40 MCS3/26M/28.9M

802.11n HT40 MCS4/39M/43M

802.11n HT40 MCS5/52M/57.8M

802.11n HT40 MCS6/58.5M/65M

802.11n HT40 MCS7/65M/72.2M

1.2.3. WEMERENA LBRIER?

Espressif

o IS RF #IRHEIARAEED

-10
-13
-16

-19

-10
-13
-16

-19

MRERI TS 5

18+2dB -19 -90
18+2dB =21 -87
16.5+£2dB -20 -84
16.5+£2dB -23 -81
15+2dB -26 =77
14+2dB =27 75
13+2dB -29 -71
18+2dB -19 -89
18+2dB -19 -87
18+2dB -21 -84
16.5+£2dB -20 -82
16.5+2dB -23 -79
15+2dB -26 -75
14 +2dB =27 73
13+2dB -29 -69

BRIb 25, BERIRE ESP32 RIS R BT M BLE (RINFEES) .

1. RF

$JFF menuconfig f CONFIG_ESP32_PHY CALIBRATION_AND_DATA_STORAGE

R,

ARELBETE, PIESUER EBERESE

X% menuconfig + CONFIG_ESP32_PHY CALIBRATION_AND_DATA_STORAGE

iRl

° WE(FH EEEIOREL R,

ERELS

BFRNVS D XHPRRNE, fRERERE,

2/16

P RIB IR ERUERIERIINAE
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ﬁﬁl 2. K17
2. W FH

2.1. REF0 API
21.1. ENEELRERTHRAEAN?

18{# 3 UBaseType_t uxTaskGetStackHighWaterMark( TaskHandle_t xTask ) BR#Y, 155
AR = B RBEE TS AT AR PR IE MBS 48/ )\, ZRE A DUREES Be)EiE&
INFIRMERR (8], #RE)TENR, PIMEERGBELE —MESRZFES/MERTE., EXH
FreeRTOSConfig.h #, 73 INCLUDE_uxTaskGetStackHighWaterMark IR ERL 1, LLER
AR, IR, ZEMBIANE. FIEN hitps.//www.freertos.org/
uxTaskGetStackHighWaterMark.html.,
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https://www.freertos.org/uxTaskGetStackHighWaterMark.html
https://www.freertos.org/uxTaskGetStackHighWaterMark.html

3. &I

~r it
= il

3.1.

3.1.1.

3.1.2.

Espressif

REFERFTHEELS

NfalfEF PSRAM, B35 3X4%a)#& I MR X152

R T7{ER RSPRM, FIBI{E make menuconfig -> Component config -> ESP32-specific

HITIRE

e ESP-IDF V2.1: 15i%#E Capability allocator can allocate SPI RAM memory;

e |ESP-IDF V3.0 R Z[EhRA, 181%$F Support for external, SPI-connected RAM,

{$BE PSRAM f&, 183 malloc {#8E malloc() can also allocate in SPI SRAM miS&4HEC
PSRAM, EATFRIIERT, BER PSRAM Boh#ToISARED .

L5, BIBAERS Always put malloc()s smaller than this size, in bytes, in

internal RAM IS EHE.

o 1R malloc HIEAFDEATIREE, NEA PSRAM, S, €A RAM,
o WNRFR RAM g, NIER PSRAM,

WM{EREFRIR PSRAM 1 RAM?

TES

ESP-IDF V3.0 & AEARZS

ESP-IDF V2.1

KB

B PSRAM

7t PSRAM

B PSRAM

7t PSRAM

Fm

FRiBRIFRANEF (B
PSRAM F1AER RAM)

TS RAM 7F
|5 DRAM N7F

5 RAM R7F

Rk DRAM W77

FRiBRIFRANEF (B
PSRAM F1AEE RAM)

TS RAM 7F

Rk DRAM W77

TS5 RAM N7F

4/16

API

esp_get_free_heap_size()

heap_caps_get_free_size(MALLOC_C
AP_INTERNAL)
heap_caps_get_free_size(MALLOC_C
AP_INTERNAL | MALLOC_CAP_8BIT)
heap_caps_get_free_size(MALLOC_C
AP_INTERNAL)

esp_get_free_heap_size()
xPortGetFreeHeapSizeCaps(MALLOC
_CAP_SPIRAM)

xPortGetFreeHeapSizeCaps(MALLOC
_CAP_INTERNAL)
xPortGetFreeHeapSizeCaps(MALLOC
_CAP_INTERNAL |
MALLOC_CAP_8BIT)

esp_get_free_heap_size()

2018.10



3.2.

3.2.1.

3.2.2.

3.2.3.

Espressif

IME
ESP32 R E— CHIP_PU EHil, ;ZBEMEM, iz H LM CHIP_PU EHIA LI

ENENMINEER? TEREARINFENELHEFIRO? NMRRFEMUES, BEEKA
B A EM S RIEKATEN?

CHIP_PU BENEfIEH,

RERHNZSEZITP 12S FE2HAE, BEUUEESER—L, tLUEER:
GPIO5. GPIO18. GPIO23. GPIO19., GPIO22 &l L; 12C E2&Zl GPl025.
GPI1026 3 GPI032, GPIO33 &R L?

FRE 12S 19 /O 9RIEE DAL, BETEAWN /O ReEERNBAN, B5E (ESP32 1AM
BH) mE—T

B 5 E A (PWM) ESHIEEE I ASERIBR T flash, SD. 12S, 12C. UART Z4%h
MEE 110 £?

PWM RIS NENEEIER, BRT RBRANINEERY 1/O 25k,

5/16 2018.10


https://www.espressif.com/sites/default/files/documentation/esp32_datasheet_cn.pdf
https://www.espressif.com/sites/default/files/documentation/esp32_datasheet_cn.pdf

4. AT

AT

-l )

4.1. ESP32 AT 1HXHEMBBEIKE?

e ESP32 AT bin X 14 : https://www.espressif.com/zh-hans/support/download/at .,

e ESP32 AT X#4: H3ZhR | English

o, BEFMAIMETREN AT ZBITHAEZMN AT 5<%, ESP32 AT Ti2r]ATE
GitHub T&: httos://qgithub.com/espressif/esp32-at,

4.2. AT iR “busy” Bt4ARE?
AT FELRIAMER MR, URMEMETR—FIETE, TR T —FIBIHITHIE,
127 “busy” JNIEFEANIERI—FKIESL, TOAMN HETHA .

mEREORNEAN, WEIAAERESEA, B, SESRNANINFERHARN, Rt
21871 “busy” BFE “ERROR”,

Flan, SO AT+GMR GRITHRF R LF) (ZT|A&FT), HT AT+GMR (3R1TFF (R LF) BE£&
B—ETENATIERT, RASHITIZIES.,

AR ALREARTTH AT+GMR RIE, FIKE T EERVZERF, BHRIANAEHRNESIBA, &
SR “busy”. WIRAJBEETM T AT+CGMR #2E, BIREIEENTIER, HREPEH
IRB—FERIES, RFUET "ERROR’,

4.3. Aft4 BLE Fial BEEEFNABAE?

1. BRMIAFILE ST BLE IHEE,

2. BRFN (B, FRFN) EY9RE>“BF "R RERIANNZHIELT, BLET &a
WFNL ISR, BWEREIA BLE W AKIE BLE Ih8E, FIa0, FERFAL0IMER
LightBlue 78 .

3. BOHETEN BLE [ HERME, ERFEWE, FIN—MRENTHFERIA HEMH
TR, RERINERNTERERENR, fIal, ERREPNRGFME—TRHETE
Ay BLE [ 1&EUER . BIMESE X CSS V7,

Espressif 6/16 2018.10


https://www.espressif.com/zh-hans/support/download/at
https://www.espressif.com/sites/default/files/documentation/esp32_at_instruction_set_and_examples_cn.pdf
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5.1.1.

5.1.2.

5.1.3.

5.1.4.

5.1.5.

Espressif

>y -z
i \Hﬂ.%

ESP32 R4 815 oF S 45 IR LEEC B 2

e ESP-IDF V3.1: HFP Client (not HF gateway)
* ESP-IDF V3.0: A2DP Source/A2DP Sink/AVRCP/AVDTP/SPP/RFCOMM

SN{al{ER ESP32 B F ERFNEME K?

BFENE T B ERNE S, ESP32 BE A2DP Sink, A2DP Sink Demo R 281t FH1IKEY
SBC mAZHEUER, EERBNEFE, SEMREHEBERIRNREDZS. PIRERZE. 17
ERFEFRIANREHERF S,

ESP32 4 SPP 4&Ea0{@?

{ERMIR ESP32 fRFXI 3 SPP, EHmZ&ENT=ZERIA 1900 Kbps, #J 235 KB/s, BEizif#le
BErIEILE,

ESP32 fYZ B IE THEIE T B A0 ?

BRIESMd TWER. €A, /K. OPPO. 9%73% —in. #3360 FHE N mEA
MO ERBESHFN, EERFULFEELIEL, RERDIRENAZEZES,

ESP32 MNAZHME T TIFERZZ?

A2DP (CPU 160 Mhz, DFS = false, commit a7290f)

Current MAX (mA) Min (mA) Average (mA)
Scanning 106.4 30.8 37.8
Sniff 107.6 311 32.2
Play Music 123 90.1 100.4
7/16 2018.10


https://github.com/espressif/esp-idf/tree/master/examples/bluetooth/a2dp_sink
https://github.com/espressif/esp-idf/commit/a7a90ffba2d8e42c59400c6f26c97e7553760b63

5.2.

5.2.1.

5.2.2.

5.2.3.

5.2.4.

Espressif

RINFEESF
ESP32 X#5MLk BLE Profile?

BRI 5T GATT/SMP & itiER, A ETLNMBEENEE;: BELXLNEER
BLEHID (3&%lm) . Bith. DIS. Blu-Fi (IEFEMN) =,

ESP32 iy BLE FltE=E 2/

ESP32 iy BLE ZEITREUAFTEMAR, BINMETI. EZE[R. MTU K/NA R imIR
ZMREESE, BIRPIIN3E IDF F89 ble_throughput example, ESP32 #R¥ 2 [8]#) BLE &
SERAFIERIA 700 Kbps, 29 90 KB/s,

ESP32 Y BLE IEFECMFES £, MHaEUN@? BEHIR?
ESP32 RyIEFECM, EFR Blu-Fi,

Blu-Fi BEM3RAMS BLE M, MR ER. 48, /K. OPPO. §hik. —iN.
HNEERREFN, BREURY, RETHESTEERME MTU SECRER  (BHAUEH0

TERERE])

Blu-Fi BB F27E 1 s~2 s ARLAI5ER. B8 Blu-Fi Bz 245, @0 WPA2 1RlZk

EBER . ERRASOIR. IEBANERERESE, B Blu-Fi MR FANNAE D RS

TFR, 1B/4E 08

ESP32 i BLE T{EBBREZ?

Under CPU 160 Mhz, DFS = false; ESP-IDF V3.1

Current MAX (mA) Min (mA) Average (mA)
Advertising:

142.1 32 42.67
Adv Interval = 40 ms
Scanning:

142.1 32 44.4
Scan Interval = 160 ms, Window = 20 ms
Connection(Slave):

142.1 32 42.75
Connection Interval = 20 ms, latency = O
Connection(Slave):

1421 32 35.33
Connection Interval = 80 ms, latency = O

8/16 2018.10



5. BT

53. #7z
5.3.1. ESP32 Ry FIAEUNa H1Z R EA?

ESP32 & HH9IE A F HIR B RN 5, AEEME N &S AREIRER, WA
ENAEFRE, BLE HH BLE 19 API, ZREIFECHERZLMIETIAY AP, 2HEIEDFS BLE
HFZRAB BRI B E Y ESP32 BTS&BLE A IEF H 12154 0H

5.3.2. ESP32 W5 Wi-Fi tNfaH1E?

£ menuconfig 1, B MFIKIAIN “Software controls WiFi/Bluetooth coexistence”, F3
TiE I Rz H] ESP32 RUTESF A Wi-Fi 217, PJDAYEAE Wi-Fi. BE5HEH] RF (HEFE
K, IBETE, WR{FEE Software controls WiFi/Bluetooth coexistence %17, BLE scan
[BIfE AR ABIT 0x100 slots (£ 160 ms) .

* EREBLES Wi-Fi &£7F, MIABRXMAMFMAF B EEER, EBARFEHAT
{REETE “BLE scan interval - BLE scan window > 150 ms”, 7 H BLE scan
interval R&/)\F 500 ms,

* BRHEESS Wi-F HF, WEMTTRXMED

£ V3.0 RUABIRRA, BIREGRELKRHIASS Wi-Fi £ MEEmZER )3, HEJ ESP32 B4
BRARTIX N, EERET ESP-IDF master branch EB]BARNINSLINE ESP32 fENIEF =48
TR E RAOEB{ER Wi-Fi THEE.

5.3.3. ESP32 WETAFLAEZ?
1. =2
* BLE 84&: 40KB (.data + .bss + F#ff)
* BR/EDR #1&: 65KB (.data + .bss + f@f4)
* IiE: 70KB (.data + .bss + FEf)
2. F1g&F:
* BLE:
- GATT Client (Gatt Client &) : 24 KB (.bss+.data) + 23 KB (heap) = 47 KB

- GATT Server (GATT Server j&x) : 23 KB (.bss+.data) + 23 KB (heap) = 46 KB

- GATT Client & GATT Server: 24 KB (.bss+.data) + 24 KB (heap) = 48 KB
- SMP: 5 KB

Espressif 9/16 2018.10


https://www.espressif.com/sites/default/files/documentation/btble_coexistence_demo_cn.pdf

——

@ 5. &5

° ZEETT (FEIET A2DP_SINKER, B4 SMP/SDP/A2DP/AVRCP) : 48 KB
(bss+.data) + 24 KB (heap) = 72 KB (R TRIZISME DT 13 KB)

DA_E 3 (Heap) 9B E1ESS4% (Task Stack), EANESHE2MEESE LR, ENHE,
3. {1t PSRAM AR A

7£ ESP-IDF V3.0 K LA/E, FTFF menuconfig BIETF 328 H) PSRAM H8%31%EIR, I8
Bluedroid (Host) #EB4>.bss/.data E& K3 PSRAM, BIEIZME Hifr 50KB,

Espressif 10/16 2018.10



6. Wi-Fi and LwIP

Wi-Fi and LwiIP

6.1. [HAEE

6.1.1. GNfalillid Wi-Fi 148E?

1H1EM example/wififiperf B 5 TR EATNNA

6.1.2. ESP32 Wi-Fi HlI1£?

& W _ESP32's Wi-Fi throughput ,

6.2. NTF

6.2.1. Wi-Fi BoiEa5BZVAE?
Wi-Fi BoIBRIBMRNEFEEESSU TV AE:

1.

2.
3.

7.

8.

Wi-Fi (£ F0BATI: 6.144 KB
Wi-Fi AMPDU: 2.092 KB
Wi-Fi BBIREIRESZ AT 3.44 KB

. Wi-Fi REPEUIESEM : 1.348 KB

FHHESSHIBAGI: 6.164 KB

LWIP {E55F0H0%E : 3.868 KB

Wi-Fi/LwiP 8375 RX/TX 27ZBUARAT menuconfig L&
Wi-Fi/LwIP 7S RX/TX 17 BURT menuconfig fIEC &

1~6 IEMR M o8, S 4GH: 23.056 KB,
7~8 INBURTF menuconfig EEEMU M KA BIER, SBRAGFESSEN,

Ll 5RR:
o IDF V3.0 RZEHIRRAMLIL TEE 210, 198 2.092 KB NTF;
e IDFV3.1 RZFEMRAMMATE 3, TAE 3.44 KB NTE.

6.2.2. RIEARNBM/IMEEXAIZ4?

B Modem-sleep. Light-sleep 1 Deep-sleep =FREE AT,

Espressif
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https://docs.espressif.com/projects/esp-idf/en/latest/api-guides/wifi.html#esp32-wi-fi-throughput

@ 6. Wi-Fi and LwIP

® Modem-sleep:

- Wi-Fi Y FR#LERY Station Legacy Fast fREE A=, Station &% NULL #03Emi
BN AP TRAR SN MR ES ;

- Station E# L AP ZEEMAE, HFARBRIKSEXASHMER, RIEEABEGR
1FM AP BOER, AP Wi &EEE Modem-sleep A~ T1E;

- ESP32 Modem-sleep #HNIRERIAS S, B 0] BUEIEFEE CPU BYEPSIR, #H—
paZ =2 (Ra== R

® Light-sleep:
- EF Modem-sleep FJ Station /REE =
- 5 Modem-sleep BIARE 2 FEF:
y HENRERIRESE, NMUKHE RFER, @& = CPU FIED REATH
» BERERIRSE, CPU HEE1T,
® Deep-sleep:
- 3R Wi-Fi I EROREE S 20
- BEANRERRSE, X RTC ERIMYFTE E AR
- BEMENRSRE, BTRAREMET EUTRRER)
- RERHAEAMRITE) AP ROTERZ,

6.3. Scan

6.3.1. RAEFAGBITUETRHIT APIIHE?

FHABERNAFTENSHIBEN, HILLEHEAVEFEREN AP NHARZNE, N7
RERS, —NEBINARZE(EERDM,

6.3.2. ESP32 A#i—XF/ELZKITIE?
P RN R EBUR T
* EfsimEAREs T, AN EEHE.
* BNMEEFEERNIE, EIAENEHEN 120 ms, #K&hIFHEHN 360 ms,
* ExIBS5EENEETE, AN 1-13EE
¢ BIREEEAREEESME, B ARREETE,
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@ 6. Wi-Fi and LwIP

® Station f2ILIALE Station-AP &3, YEIEEHEE,
FINBRT, 1~-11 8RN, 12~13 5 E AN,

* 7f Station IR EEEZNIER T, 2EEBHESEEN: 117120 + 2*360 = 2040
ms;

* 7£ Station MR, E Station-AP BRT, 2EEEHBBNIER: 11120 +
2360 + 13"30 = 2430 ms,

6.4. RX/TX

6.4.1. 0fI%i% RAW 802.11 R X?

PJEF esp_wifi_80211_tx &% (IDFv3.1 AJTA) .

6.5. LwlP

6.5.1. XF TCP EEEHEXMNEFERKSA A UEKSEE
Os Zy & & IEH) 1inger/send_timeout BBHY 27 GBI IR

6.5.2. LwIP :xZHEZBIE Z /M) Socket?

% 327, BIAF 101,
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7.1.

7.1.1.

7.2.

7.21.

Espressif

RTC
REREEN (Brownout Reset) BIFEREZt4?

1. MBEBRRFRESE0A, RTHEEEHE.
2. HF SR LEMRB UKL K, BIHIABRNIEEIEN R %, thoh, WRAF
£/ USB Nt FHEE, N{RIE USB NREEMZHEBER, & (ESP32 A
=P .
i H:
BEFNEFINERZZ M

ESP32 ISTFIOESITNRAE O 8y, WRINE -12 ~ 12 dBm, [8)fF 3 dBm —#Y., &=t
RS THERHITIRE, RIEF™ R RAXT N INRE RIT B,

B
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https://www.espressif.com/sites/default/files/documentation/esp32_datasheet_cn.pdf
https://www.espressif.com/sites/default/files/documentation/esp32_datasheet_cn.pdf

8. MR

MR

8.1.

8.1.1.

8.2.

8.2.1.

8.3.

8.3.1.

Espressif

5 Rl

{EFMRLES | T B E X =2
|06 - 1011 Flash S|, 1EX flash #@{51ER, FTiERET GPIO,
WSR2 WROVER 1R, GPIO16 1 GPIO17 £ A S5, TTEBF GPIO,

ItE5h, ESP32 F 5 1> strapping 51/, EFERNERENMZEE, B85%E (ESP32 FANIE
BEVAE

L

£{ER ESP32 {HAREMR XN AIEINARERARE, BEARETASEERMBER
EX?

ESERFNETREEIRIT: https:/github.com/espressif/esp-iot-solution/tree/master/
examples/touch pad evb.

A
AMEI % FBAIAEIT UARTO &8I %82

® Bootloader (E8.: GPIO15 3Zith;

* IDF{&: BJAEI{E menuconfig / Component config /Log output H{THH<ECE ,
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https://www.espressif.com/sites/default/files/documentation/esp32_datasheet_cn.pdf
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https://github.com/espressif/esp-iot-solution/tree/master/examples/touch_pad_evb

R FBAAMMRR LS

AXHHER, BFEESZM URL Hillt, WIBTE, [BABTEAN,
XAERUVR IR M, NTEIBRIAE, SEEHEE. EB TS EREENIEE
EREAIELR, FEAHRE. ARSI REMAREIIEAER, RHER
NEARE, BFERAXHERERTENEIREMENNITANGEE. AX
ML ARMZE IR EHEM AR P EARIRTAERTR, ANERRRTH
R EETRITFA,

Wi-Fi BXBE R RT3 Wi-Fi BXBBFRE . IS imitae Bluetooth SIG RO EARRE
o
XHREWMAAERNEIR. S EMEMYEES BB BN, $5IhE
BH,

HRAXY)3 © 2018 REMH . REAABFINF,
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