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1 STM32 ADC &4

ZE STM32 MCU 20190 ZE&= ADC EAMS MLl YE C|HO|ADICF ADC
E40o]| M8 A= 2ol Ko7t AZ0| F2[BHLE. (0f, Sampling time, Conversion time &)

1.1 Block 1} Channel

SR SA|El STM32 MCU 9| T2 Gte 7| X|ofAl= #|C§ ADC 3 7§ block (ADC1,
ADC2, ADC3) € X|¥stm T2} =2 1§7|X|= ADC 7} Q7L} 1 7§ block Bt=
K| stCt. 2t ADC E8HYHZ L9 2|F channel (INO~IN15) 1t L{E channel (Vbat,
Vrefint, Temperature sensor S) & X|&StLC}.

Figure 1. ADC Block 1t Channel
B---Pgripherals

4% Apct <:| ADC Block
--fi ADC2
@ ADC Channel

ADC Q|5 2T 3iLIE ADC 37 block O| channel SjLITH SHEtsiA ME2l sH=H

Qldt™ 0| X| T, ADC Q|5 Q&I SFLIS Cl2~9| block O|A MLCHZ MM

mode EE= ADC block 7F ZS2EL|X| U= AlZE X)) SIEE HZ%

(of, PCO HIZ ADC1_IN1, ADC2_IN1, ADC3_IN1 OfA] WCHZ M
Figure 2. ADC Channel

ADC1_IN1 ADCZ_IN1 ADC3_IM1

I ADC1_INZ

1.2 Master 2} Slave

ADC Block O] 27§ <= 37§91 MCU 0jjA{= ADC1 O| master 0|1 ADC2 Q} ADC3 &
slave 2 L{E AZAL| QUL (ZE MCU (STM32L4) = ADC3 0| single ZEZ slave

A S SHA| W30 R2lein}) SIEYH2Z =S| FA0 ADC1, ADC2, ADC3 O]
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AMAE SHF M MEZS 8j0f E|l= ZA22HH dual simultaneous EE+= triple simultaneous
DEE AMESn O|EH 4% WEHESE master/slave REZ} AMEEICH X 40

ADC2, ADC3 0| Zt7} E2/H9l Elo|@doz ZEAH|E &= ZL2tH independent
mode £ AFE3IH T master/slave Q| LHE FXZ= FA|E=ILCH

Figure 3. Master 2} Slave

=] ADCs_Common_Settings

Independent made

=] ADC_Settings

Clock Prescaler

Dual combined regular simultaneous + injected simultaneous mode
Dual regular simultaneous + alternate trigger mode

Dual Interleaved mode + injected simultaneous mode

Dual injected simultaneous mode only

Dual regular simultaneous mode only

Dual interleaved mode only

Dual alternate trigger mode only

Resolution
*  5can Conversion Mode
Continuous Conversion Mode

Discontinuous Conversion Mode

DMA Continuous Reguests

1.3 Self Calibration
STM32 25 CiHIO|AE FMRIQJF & = Z|AMl & 13| ADC Self Calibration & 83O
MCH2=l ADC /2 S+ L} ADC AtA| deep power down REE X|&dt= MCU
o ARNE ADC £ CtA| startup A|Z|2 W = 1 3| ADC Self Calibration & LCtA|
S OfF oLt Cube HALADC O M ZEO|AM ChZ et AMBEE FH o}

« HAL_ADCEXx_Calibration_Start

1.4 Peripheral Clock Frequency
AH23t2{= ADC peripheral 2| %|Cf &% (fADC) @ O{- clock =0 Q! (APB1, APB2,
APB3) Of &3 UA=X| OlO|E 4|EE Soff Holotct €& %4 STM32 ClHO|A =
ADC peripheral clock &A~AZ AHB O A| /1,/2,/4 £ 3}+&= synchronous clock &1 ADC
Clock Mux O|M /1,/2,../128,/256 & 3d}= asynchronous clock HN8& CHAl X 3SHCT
APBx clock 2 AF23t= MCU ZS AF2X}7} MXSH HCLK MXoj| o2} APBx Clock
o &z Zo| HHY7| W20 A™ME APBx (PCLKX) clock ZIi2Z ADC LjEo
prescaler 2 Lt %|Z ADC peripheral clock £E & 2| ASICE (OF2f OA| 108 MHz /4 =
27 MHz) ADC L{E 9| prescaler gf2 2= ADC block (ADC1, ADC2, ADC3) 0f &&
M= LJ20|DZ ADCL O|A /4 £ MEHSH ADC2, ADC3 & /4 2 HIR= Ho

Solsict,
Figure 4. ADC peripheral clock Z|C{ Itz
Table 72. ADC characteristics
Symbol Parameter Conditions Min Typ Max Unit
% Power supply 170 - 36 W
Doa — VDDA _VREF+ <12V 1
Vrer. | Positive reference voltage 170 - Vooa v
Vpoa =17Mt0 24V 06 15 18 MHz
fanc ADC clock frequency
Vppa =241036V 0.6 30 36 MHz
4/12 Doc ID TNK0023 Rev 1.0 ‘y’
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Figure 5. ADC clock =0 ¢l

Table 40. Peripheral current consumption (continued)

Peripheral IDDWP)[” Unit
Scale 1 Scale 2 Scale 3
TIM1 24 1 238 19.6
TIM8 245 242 20.0
USART1 177 174 143
USARTE 19 1.8 94
ADC1) 45 a7 35
ADC2) 45 a7 33
ADC3) 45 46 33
SDMMC1 84 8.3 6.9
SDMMC2 82 8.2 6.4
sPI1/1251) 39 a6 3.1
SPI4 39 a6 3.1
(upto SYSCFG 25 22 19 PA/MHz
108 MHz) TIMS a0 B0 67
Figure 6. APB2 AI2X} AX clock FIt4
HCLK (MHz) APB2 Prescaler |
216 > 2 v pcf"ﬁ — > APB2 peripheral clocks (MHz)
e x2 - 215 | ApB2 timer clocks [MHz) |

Figure 7. ADC block LHE prescaler

@ ADC1 Cenfiguration

2]

o/ Parameter Settings | o/ User Constants | o/’ NVIC Settings | o/’ DMA Settings | </ GPIO Settings

Configure the below parameters :

Search :| Ssarch (Crtl+F) v &
= ADCs_Common_Settings
Maode Triple regular simultaneous mode only
DMA Access Mode DMA access mode disabled
Delay between 2 sampling phases 5 Cydes
I =] ADC_Settings
Clock Prescaler PCLK2 divided by 4 -
Resolution PCLK2 divided by 2
Data Alignment 2CLK2 divided by 4
Scan C o Mod PCLK2 divided by 6
can Conversion Mode Lk divided by 8
Continuous Conversion Mode |
r ] : Baa Coimm b |l

1.5 Sampling time 1} Conversion time

ADC MZ 2| 1 3|0 &4 sampling 1t conversion O] JJEZ %3 =IC}. Sampling time 2

—

channel HZ2 LC}2H MAH™EZ 4= QAoL} (Of2f OA|, ADC1 Channel3 (IN3) 3 cycles)
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conversion time £ ADC block 9| resolution bit =2} =S}Ct (Of2f Ol A], 12bits
resolution 2 12 cycles 0| Z= Q9| 15 clock cycle 2 FEA|SHCH 2{0|A ADC
peripheral clock O] 27 MHz 2 MME|Q7| 20| tADC = 2F 37.037 ns O =2
130 2Q%= AlZF2 (3 cycle + 12 cycle) x 37.037ns = 555.555ns O|C}. CtSH ADC
ME2lS 20| Qo] d JBICHH 1 sec /555.555ns = 1.8 MSPS (Mega sample per
second) 7} EICt

Figure 8. Sampling time

= ADC_Regular_ConversionMode
Mumber Of Conversion 1
External Trigger Conversion Source Timer & Trigger Out event
External Trigger Conversion Edge Trigger detection on the rising edge
=] Rank 1
Channel Chanrel 3
Sampling Time 3 Cycles

Figure 9. Conversion time

@ ADC1 Configuration ﬁ

o Parameter Settings | o7 User Constants | o/ NVIC Settings | «/” DMA Settings | </ GPIO Settings

Configure the below parameters :

Search : | Search (CrthF) ¥+ &
=] ADCs_Common_Settings

Mode Triple regular simultaneous mode only

DMA Access Mode DMA access mode disabled

Delay between 2 sampling phases 5 Cycles
=] ADC_Settings

Clock Prescaler PCLK2 divided by 4

olutio | 12 bits {15 ADC Clock cydes) -

Data Alignment b AD ock cycl

Scan Conversion Mode 10 bits (13 ADC Clock cydles)

Continuous Conversion Mode ® b?ts (11 ADC Clack cyces)

6 bits (9 ADC Clock cycles)
Discontinuous Conversion Mode Disabled

ADC ¥Zd cycle 2 3,15, 28,56, 84, 112, 144, 280 cycle F0f StLtE ME{E £ QU
SAR HtAlo| ADC = MCU Lj9| capacitor = Tl E
AZtE0 =8 conversion AlZH SO HFE MU ZHOICH ME
o

=
=
£U4+E ADC SHE MY 20| FOFCHH A0 2 YCIHATL HOHA 4%
AH 7 =
O — 1

1.6 Trigger source and edge

ADC MEE AIZ E2|A 225 3A 37HK| 2 g+ U

AX
Software : HALAPI 0f = ADC_Start &2 S ZES|A A|Z
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Figure 10. Software trigger

= ADC_Regular_ConversionMode
Eniable Regular Conversions
Left Bit Shift
Enable Regular Oversampling
Mumber Of Conversion
External Trigger Conversion Saurce
External Trigger Conversion Edge
Rank

Enable

Mo bit shift
Disable

1

I Regular Conversion launched by software I

Mone
1

«  External Trigger (EXTI)

D 9lF YHEC edge HotZ A[E.

Figure 11. EXTI trigger

----- IN14  Disable v
----- IN15 | Disable v
----- [F Ir;JIS Single-ended .
----- [] Temperature Sensor Channel

----- [7] vbat Channel

----- [] vrefint Channel

- {Conversion TriggerI|F'.eguIar Conversion Trigger | -

[ ADC2 Disable
=8 L\‘m ADC3 Injected Conversion Trigger
— aular Co 0 aa
""" Nt :Dlsable Fegular and Injected Conversio
----- IN2 | Disable ol
----- IN3 | Disable v
=] ADC_Regular_ConversionMode
Enable Regular Conversions Enable
Left Bit Shift Mo bit shift
Enable Regular Oversampling Disable
Mumber Of Conversion 1
External Trigger Conversion Source EXTILinell
External Trigger Conversion Edge Trigger detection on the rising edge
Rank 1

«  External Trigger (L§ 5 E}O|O): L{& E}O|0 O]l E(Update, Capture compare, TRGO 5)

2 A|E.

Figure 12. Timer trigger

= ADC_Regular_ConversionMode
Enable Regular Conversions
Left Bit Shift
Enable Regular Oversampling

Mumber Of Conversion

External Trigger Conversion Edge
Rank
= ADC_Injected_ConversionMode

Enahle Iniected Conversions

Enable

Mo bit shift
Disable

1

[Timer 1 Capture Compare 1 event
[Timer 1 Capture Compare 2 event
[Timer 1 Capture Compare 3 event
(Timer 2 Capture Compare 2 event

External Trigger Conversion Source

[Timer 3 Trigger Out event

4

External Trigger Conversion Source 'Regular Conversion launched by software ]
Regular Conversion launched by software

»

||

ExternalTrigCony [Timer 4 Capture Compare 4 event
Parameter Description: Timer 8 Trigger Out event -
Coloct #Ho + | S o de dei, o, dork of i £ 1 —

1.7 Sequencer

Regular conversion mode 1&&2 Z|Cf 16 7f, Injected conversion mode 1&§& Z|Cj

Mot M S, MEY tme 2 MHHM StSYoHoz

4 ol MEBY A

ASOR #AHOR 0|20{W4 URE MBS ULk

'S73
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Figure 13. Sequencer

=l ADC_Regular_ConversionMode
Enable Regular Conversions Enable
Left Bit Shift Mo bit shift
Enable Regular Oversampling Disable
I Mumber Of Conversion 16 I
External Trigger Conversion Source EXTI Line11
External Trigger Conversion Edge Trigger detection on the rising edge
= Rank 1
Channel Channel 2
Sampling Time 1.5 Cydes
Offset Number Mo offset
= Rank 2
Channel Channel 3
Sampling Time 16,5 Cydes,
Offset Number Mo offset
Rank 3
Rank 4
o Ol C

1.8 Oversampling
STM32L4, H7 I} ZL %2 MCU 0o ZstE|of Q= 7|592Z ADC L{EQS| 20 bit
accumulater 2} 0-8 bit shifter/truncater 2 0|23}0] AtEX}7F HAHSH oversampling ratio
UE ADC S FHS B US L+ At

Figure 14. Oversampling

=l ADC_Regular_ConversionMade

Enable Regular Conversions Enable
Enable Reqular Oversampling
*  Owversampling Right Shift Mo bit shift for oversampling

QOversampling Ratio Quersampling ratio 2x -
Regular Oversampling Mode Q a g ratio

(Oversampling ratio 4x

Oversampling ratio 8x

Oversampling ratio 16x

Triggered Regular Oversampling

MNumber Of Conversion

External Trigger Conversion Source Owersampling ratio 32x
Ewxternal Trigger Conversion Edge (Oversampling ratio 64x
=] Rank Oversampling ratio 128x
Oversampling ratio 256x
Channel
8/12 Doc ID TNK0023 Rev 1.0 ‘y’
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2 STM32 ADC B E

FE STM32 MCU 2}912i0] ZE5|= ADC ZEE= Mmsic)

2.1 Regular conversion mode / Injected conversion mode
Regular 2} Injected 2 E9| XtO|™E2 Injected REZ AXNSH XE(AE) oA ADC
AZH E2|AH7} MstH SR WS 0|QUE ADC MEZS FCHA|Z|2 ZHE Injected
HEo ME(AE) of ADC HEZS AlFfetet.

o =

2.2 Scan conversion mode
StLte| x{ETh ADC MEESIA| U1, CtEH EZ2|AH7I 2™ sequencer O|A Aot
ME =MUE Chs XHE =AM<2| ADC MEZS FIMSHA it

2.3 Continous conversion mode
otHOo| E2[AH M= 2 oLl X{E EE+&= sequencer O A A7FsH OFX|
ADC MZal2 2tz3ln CHA| HS ®Y M2 =0}7}A ADC MZE2

o

9 =M I

o)
S Alxfgtct.

=

2.4 Discontinous conversion mode
Sequencer O|A O£ £0{ 16 7{o| i<

conversion number £ 718 2 2 MH3}

£ regular 1ECo=2 MMM E discontinous
£ 8 HHO| ADC A|%}f trigger £ HOLOF 16 7
FSiC}

—

o
m]
= =

Mo MEYS dagds A= BEE

Figure 15. Discontinuous conversion mode

-] ADC_Settings

Clock Prescaler Asynchronous dock mode divided by 2
Resolution ADC 16-bit resolution

*  Scan Conversion Mode Enabled
Continuous Conversion Mode Disabled
Discontinuous Conversion Mode Enabled
Number Of Discontinuous Conversions 2
DMA Continuous Reguests Disabled
End Of Conversion Selection End of single conversion

2.5 Interleaved mode
otLtel =2[HQl ADC 23 x| E(E)S Ct+=2| ADC block O] ntiz HEdt= YAS
o[b|gtCt. StLte| ADC block O ¥EZ0|= ZHHE ot= Hef0o] St ChE ADC
block oo ME2IS St= BAlOZ SPS (sampling per second) £ %12 22{0f &
ArE B
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Figure 16. Interleave mode

DMA request every 2 conversions D Sampling
|
ADCAH . CHO - Conversion
! i Eng of Conversipn on
: . AEC1
n
oce | | [N NG - [ MR
1 ! ' End of Conwversion on
- ! ADC2
| :
Delay
Trigger for
regular
channels

2.6 Alternate trigger mode

Injected 1E0|0t S E= L2 S Z master ADC block O|A 82 ADC A|ZF EE|A

= dieiO|C}

SILFE Ch2=2| master/slave ADC block O] W2 A25t= HHEH

Discontinous ZEE Al S

Figure 17. Alternate trigger mode (Discontinuous &2 E enable)

Tngger JEOC o — TrlggerJE C Trlgger ‘,..— Tngger JEOC, JEOS on ADCL
m m m CH3 /

JEQC, JEOS on ADC2

t—-—’Trlgger JECC t—-"Trlgger I" Tr|gger JEOC ‘—-"'Trlgg&r ‘!

ADC2
- Discontinous ZEE AME3}X| L2
Figure 18. Alternate trigger mode (Discontinuous & E disable)
3
; Trlgger JEOC 3 JEOC, JEOS ; Trigger JE?C J?OC JEOC, JEQS
oce | =
*
N %:gger JEOC ‘\JEDC IEOC, JEDS AN #:gger JEOC JEDC JECC, JIEOS
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FSINEPNI=]
« AN3116 : STM32 ADC modes and their applications
www.st.com/resource/en/application_note/cd00258017.pdf

« AN2834 : How to get the best ADC accuracy in STM32 microcontrollers
www.st.com/resource/en/application_note/cd00211314.pdf
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IMPORTANT NOTICE — Please Read Carefully

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements,
modifications, and improvements to ST products and/or to this document at any time without notice. Purchasers
should obtain the latest relevant information on ST products before placing orders. ST products are sold pursuant
to ST's terms and conditions of sale in place at the time of order acknowledgement.

Purchasers are solely responsible for the choice, selection and use of ST products and ST assumes no liability
for application assistance or the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty
granted by ST for such product.

ST and the ST logo are trademarks of ST. All other products or service names are the property of their respective
owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of
this document.

© 2017 STMicroelectronics — All rights reserved
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