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E 11. {ERE

OPnINP

—{>Jopnour

OPnINN

OPNOUT

OPnWIP

OPnINP
OPnINN

* Additional internal analog signals -- see OPnINMUX
and OPnRESMUX register descriptions for details

F11.550H

OPnINP (TEPRTTIN OPn [WFEIFH (+) %A 5|
OPNINN LEEIPN OPn K15 AH (=) Hi 51
OPnOUT ek OPn Hy#ir
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Atmel START

Atmel START

Atmel START 47 i OPAMP 3 (F1 IR FES, A FARC B i Atmel START BB A 9 Fhfie SAC & LA H 5E X
e

3-1. Atmel START ¥JZARE

GENERAL COMPONENT SETTINGS COMPONENT SIGNALS
3 v e i P
oo, [T
& Rename component Combination:
0POOUT: [ ]eo2
M Remove component CLOCKS
OP1INN: [ Jeo7
OPAMP: | Main Clock (CLK_MAIN) (4 MHz)
OP1INP: [ ]eo4
OP10UT: [ ]eos
OP2INN: [ Jees
OP2INP: [ e
0P20UT: [ Jee2

DRIVERS:OPAMP:BASIC (1-SINGLE: OPO, OP1, OP2) CONFIGURATION ON OPAMP

ENABLE AND DBGRUN CONFIGURATION POWER-CONTROL CONFIGURATION
Enable: OPAMP Peripheral Enable: Power Control: Input Range Select: I Full Input Range |
DBGRUN: Run in Debug mode: l:l

OP-AMP1 CONFIGURATION Enable: l:‘

FEBLERGTIES (i 3-1 fior) , TDICNEEER B LA 2 RED, flinfiaesit, 7Eaet Faaesith, DURER
HIAJiE . 7E “Component Signals” UfHE5) T, AT LLUERHNFIHH 5B &85 Bl S5 ik & 51 B £ s
HINGEhES, KL, EUUERFTA SRS .  “Select OPAMP Combination” (i%# OPAMP 204 ) k15 FH T k#%
WL IZ R MO B B, RIS A AR L2 IE AL E . T A IS RCER AT DR R IS A B, (B R 2 3B D
BOCEH THRERER. AXRAE IR, S0k 3-1.

£ 31. TEWEE

T

OP1-OP2 FOTTORES, B (AN [HA PGA, B (A X
1H PGA

OP2-OP1 FOTTORES, B (BN [HA PGA, B (A4S X
1H PGA

OP2-0OP0 FOTORES, B (AN A PGA

OP0-OP1-OP2 BERIBORES, Bk (=AY [FAHPGA, FEL (=4
#H PGA

OP1-OP2-OP0 RO RE, B (=4 A PGA

OP2-OP0-OP1 RIS, Bk (=AY A PGA

N OPAMP #EHet #4 Rk s, T AR B B & NS T S — MRS fR OB E . AN B AR A0 N AT
BE. MTARMNKE, OPAMPn BT A AAKTEREKERE. KEFTEAGEL, BUSHAIE, XLy
BeZ AT W T BRI TR I T A G B . ot BT DA RS 5, 3 Y S e B A A\ g s
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Atmel START

[ 3-2. Atmel START B E

SELECT OPO APPLICATIONS

Single OPAMP Application (OPO) : Voltage Follower

Vin

— \our

OPAMPO SETTINGS

MUXPOS: Multiplexer for Positive © | Positive input pin for OPn |
input:

Gain: | 1

HARDWARE SETTINGS

ALWAYSON: Always ON: )
EVENTEN: Event Enable: © |:|
OUTMODE: Output Mode: © | output Driver in Normal Mode |

RUNSTDBY: Run is standby mode: @ I:‘
Settle Time: o [ ox7f |

BJa LA ( “HARDWARE SETTINGS” (i E) ) REANIS U E MR35y, BOARENIBLITE UL
AT IEE . XPE, BT ERIIA G S TAE . FaE i RS BN KAE, RN R R B B ol T R
=
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MPLAB® X MCC

MPLAB® X MCC

MPLAB® X MCC 745 OPAMP IR [IREHFEFE, AIEAAACE iZ i, MCC L BAT 9 FhifiE W ic & LA K H & S
e

4-1. MCC &R/ E

OPAMP SYSTEM | OPO | OP1 || OP2

API Prefix: OPAMP

v Global Seitings

@ Enable OPAMP System:
@ Runin Debug Mode: D
@ Input Range: 1 Full Input Range \ N ‘

@ Time Base (cycles):

v Hardware Settings

Select Mode: I Single OPAMPs \ v I
Enable OP0:
OPO0 Configuration: 1 Voltage Follower \ M ‘
Enable OP1:
OP1 Configuration: 1 Voltage Follower u
Enable OP2:
OP2 Configuration: ‘ Voltage Follower \ ~ ‘

1E “OPAMP SYSTEM” (OPAMP R%0) IR (W 4-1 Fian) , AT CUAMREEE JLAN 4Rk i, flin d et
o, R TR, DAL R . 7 “Hardware Settings” T, &30 ik 5 F T 1% 45232 R A 0
Bl B R U AR EZ AL E . T 2T LR BT iz L B, B2 18 B AUE A T e Mg, Bk
AR A MR, HS L% 41,

£ 41, BEHEE

T

OP1-OP2 FEOROREE, Bk (BN FAH PGA, B (A
1H PGA

OP2-OP1 ENTORES, ZBk (P [FAH PGA, B (B4 x
A PGA

OP2-0OP0 ENTORES, FB (B A0 PGA

OP0-OP1-OP2 RICREE, e (=4S FAMH PGA, i (=4 K
#H PGA

OP1-OP2-OP0 RIS, FBe (=AY A PGA

OP2-OP0-OP1 PERBORSS, 8k (=4 Al PGA

WAL SE Single OPAMP (5. OPAMP) &35, REAMEME W LA MATREFIACE, W&l 4-1 s, WiAk$F Dual and
Single OPAMPs (% OPAMP F1#. OPAMP) &% Triple OPAMPs (= OPAMP) %3, NIAiE+x OPAMP = =
OPAMP It E . & 4-2 45 T WIS BUIMECE (CWRAFAE) LLRIS JERER F 2 3 75 2
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MPLAB® X MCC

&l 4-2. %L OPAMP Fil# OPAMP it &

v Hardware Settings

Select Mode: ] Dual and Single OPAMPs

Dual OPAMP Configuration: | Differential Amplifier

Enable Single OPAMP:

Single OPAMP Configuration: ‘ Connected Directly to Pins

OPAMP Setup: | Dual [OP0:0P1]; Single [0P2]

PR RSN E S, B ORISR A — DX RLAGIEIR, AT DL H b G P8 R 2 B 0. A3 AT

BRI N ER. W T AREE,

“OP0 Hardware Settings”

(OPO BEfF i ED A AR 7B R SR

To KEFEAREL BMNSBIARLE, ZE7TBZHTU WAZN T BRIsBeR AT AR E . Hph BT BUER 3

o, I TR O A N B B
4-3. OPn BE{iR 8

OPAMP SYSTEM || OPO | OP1 | OP2
¥ OPO Hardware Settings
Configuration:
Vorr = OP10UT-V2
=(V2-V1)R2/R1
% . |
! :
1
H ] oP10UT
|v1 : =V2-(V1-V2)R2/R1
)
t | Rl R2
| : (oP1) (oP1)
: |
___________ 1
Mindi® Schematic
@ Positive Input MUX: Positive input pin for OPn | = |
@ Negative Input MUX:
@ Top Resistor MUX:
@ Bottom Resistor MUX:
@ Resistor Ladder Pair Wiper MUX:
Gain:
System Gain:
¥ OPO0 Advanced Hardware Settings
@ Runin Standby Mode: D
@ Output Mode: l Output Driver in Normal Mode | > |
Software Enable: l Always On | - I
@ Settle Time (us): 0 =127 =127

B JIANETAL T “OPn Advanced Hardware Settings”

(OPn mZ i E) F, BRANBCE NI IT A U AT 1E

WA XRE, ISOTAENIIR S SR TAE . R e R B BN ROKE,  PURIR AR ARG LT AR B .
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MPLAB® Mindi ™45 & 5%

MPLAB® Mindi ™ B {5 B 5%
5 BB T B AT DA D B4R, AT 5 8 FF R R TR e I, 7 B 0 BB AT 8 B v B A iR R A 1 A
E. (iEEEAETEREIAES, BT DL A0 AN B AR f i ) T A LB
MPLAB Mindi #5481/ 2088 & — 2 FH TR B F R e A 2 & TR . 1Z T B {EH SIMetrix/SIMPLIS 1/ 5%, W]
WRAER TR TR BE ARG, (R, R S N R B A H A e . W R
¥ BHEEOCE. GURIER S EK . MOSFET MENLIKE)%:. EIEAE. LED Rzha. JFefaltad. @I LR
JefF .
MPLAB Mindi /£ A 35 M2 1T, NG LFEEM, {5 BB AR T e RS a%. Rk, (5 E AL H T BE b
Y HER. 7T MPLAB Mindi A% k5% 25 16 5 F L35 «

o NHIEATCURIER: 2% R G4 L BODE i3

o PPl AR RN S5 R I 2 1

o A ) 2R G PR B R R N

o BT HIRIK S B S R B IR R R R K B A

o WM SV B Bk ] 2R 45 N P S AT A
& 5-1. MPLAB® Mindi™——# iR AR

J MPLAB Mindi Main Window =
File Edit View Simulator Place Probe ProbeAC/Noise Hierarchy MonteCarlo Tools Help Web View || Schematic Editor [+

"EXHd B 9C FELACHKEQAQAQAAZ P H 1| F~+ 0¥ L KEELTRK 2 FNE
Fie Vew ” x\Microchip\Li i

‘Add Directory Sync to Active.

v 1] Eamples-82

v [ SiMetrix
4046 PLL
74297 PLL
ALB_Exemples
Anclag Blocks
Bridge
Cascomp
o cril Rz 1Ll Rl el " R
Digital Devices 33==" " 221Ky yReF 'vop 7= 1.00MEG > yREF VDD 330m=" " 174K VREF VDD

vouT

] o

R il

vour
b

jera
HybridPSU

Laplace

oL R
1.0E-11 >1000.0

Frequency comers
fL=1kHz

N[} S [Jvour

i E
)2 5AC 10Puse(25 3.0 570.00 570.0n'570.0n) =0k BODE

Gompany Microchip Technology Inc.

DI
+ IDEAL_OPAMP Title Adive Filter Circuit Example:

8th’ order Chiebychev Bandpass
vRer
e peem MicrocHIP

G

B

Jvoo
Voo

- CVDD1 - CVDD2 by RVOD1

= T ok

HES Notes. . MCP6001. (Encrypted)
version 8.0 Date 06/07/2017

B3R MPLAB Mindi T] 7& MPLAB Mindi B 77 BL 2% 5 T T F 3%,

B SCHTIR B A Al 40 43545 08 2 1 Mindi SRS RN B, ol — MR B0l R R e B . 78 H bR G o 2 AR [ 1 5 T Re
PHC B A TN 45 R Rt LA TS
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MPLAB %35 #1428

MPLAB %5 ] M {b 25
MPLAB 2075 7] #1755 — 3 T X IELEIZ AT i N 3 B Fr B S8 35030 b AT S b B AN m] AL AR Y o 1ZSE R 7 BE
AN MPLAB X IDE #1518, AT ST R 707 . 5ofthie MPLAB #0745 77 #1144 2871 /£ MPLAB $ 45 vl M4k 28 7
i UL N K.
P 6-1 45t T SRS RONRE RO, 1
o GBI ELEATIHRO (USB) EiEEMSLEET (Data Gateway Interface, DG fli# K H IEAEBAT A H bR 1)
o
TEIB AT B A FH B0 I b U g 2 s = B
P B3R P 1 SR 4R SR AL B e LA TR) R A i B, B & Bon 58
AR EE i F R B AR AR
& 6-1. MPLAB® ¥ AT 34k 52

MPLAB® Data Visualizer Computer Curiosity Nano

H AVR128DB48 Curiosity Nano

* Device Manager

File Action View Help

e mOHEE B EXE

v § Microchip Tools
§ Curiosity Data Gateway

v @@ Ports (COM & LPT)

@ Curiosity Virtual COM Port D
IE AVR128DB48 Curiosity Nano -
€D

File Explorer

A COM27 : Fow v B —— - o x Debugger / Target
: e e Programmer MCU

cuRoSTY ) ve
4~ Debug GPIO

ew variable streamer. & Videos . AUTORUN.ICO
~ ‘% Local Disk (C) AUTORUN.INF D
Plot raw (UIntd D CURIOSITY () @ KIT-INFOHTM
KIT-INFO.TXT
STATUS.TXT

i

|E] Serial Ports

Send to termina A3\ CURIOSITY (E)

PN B S B SR AE R B AT A A 44T USART Ki%. MM AMANG EES. XM MSSHEE
JNTE MPLAB ##5 rj #I £ #5000 Graph (B3 X, #OFMEAR Bi@E %N data-visualizer {1301 I& R EE L E AR
HFIAEXHH TR E.
R T TR, E RO DR e
VE: BAETHT#4# OPAMP i B 1 MPLAB £# i Ak TAEX
1. 513 GitHub %5 31k Getting Started_with OPAMP.atsln, T7F Atmel Studio 7 figtth 77 &
Getting_Started_with OPAMP. ZfF R )5 S8 & AR SR ¥R i T B B X R T E -

2. GHERSHETRIE B SRR % Set as StartUp Project (WENESITE D EIN, ¥ ZWE WENH57)
TiH o

© 2021 Microchip Technology Inc. AR DS90003286A_CN-3 12 T
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MPLAB %35 #1423

& 6-2. Atmel Studio 7— % B EE1T H

& Build Itage_Follower
Rebuild

Clean

Copy Full Path

&

Collapse
Scopeto This

S New Solution Explorer View

)

Build Dependencies
Add

Add Library

Set as StartUp Project
Add Arduins Library
ASFIA

Board Wizard

B g

View Example Project Help »

Export Project as Extension

& cut Ctrl+ X

X Rem Del

Rename 2
Unload Project

A Properties

1%4% Build — Build Solution (4% — HiRfEIRITR) BUIET F7, HEMEIRITER.

MIF IS SR 1% % Debug — Start Without Debugging (i — ILHFIRREEIFIE) . HFE AVR DB 2314
FH MPLAB 75 7] il 1L 4%

#E TAEIX . %N Load Workspace (I TAEIX) F4H 3450 5 Bc B %R TAE X S0 (7 GitHub %5 2
At o EIRARIH LA

7. WEIEMBITHORE. FANR FikE COM N (& 6-3 FiR) . #iff Baud Rate GHIG%E) K
115200, )G FERGRE FE4ERD -

& 6-3. MPLAB S Wb — T DR E

E AVR128DBA48 Curiosity Nano
oGl @

o 0k~ w

Connecions

M COM10

4. Debug GPIO rt v B

Wariable Strear ers

[ serial Ports >

COM10 Settings

Baud Rate:
Char Length: Soits v
Parity: None ¥
Stop Bits: 1bit v
3 undo M apply

8. TRk COM i I1/E N Variable Streamer Decoder )35 .
&l 6-4. MPLAB HiE ¥t 28——Variable Streamers

[*) Clear Workspace ] Load Workspace  [-] Save
@ New variable Import Variable
Streamer... —! Streamer...

Decoder 1 S @ I

Jx COM10 on AVR128DB48 A

Curiosity Nano
War Qj
) (DA o Source

‘COM10 on AVR128DB438 Curiosity Nano

]
=
§
x
=
=
5

(v) Voltage roliower (Uramir)

9.  WREIL, BRRE LRI 0 B AR 5 S R 2. Y AR DL mV O AL SR T X
REL T HI Ta]

E: AKX MPLAB H#7 i/t astE 25, 1S WK SR B

W
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BHEATLE

7. RBEREAEE

K 7-1 o NS i E R 2 3544 5 B TS I o 328 00 A i N AT 4 HE oA 328 4 381 P 508 S ot FEL BEL TR 2%
E 7-1. BEEERE 10 5|

OPnINP —— +

OPn OPnOUT

OPNINN — =

71 Hf
WRF P Ay BAEANR S e fb o P S AR, AR T A . AR ER TR (fE— SR E B T)
JSEAE FH 5 71 DA SR I PR S PR ST A UL L R A A R

7.2 MPLAB Mindi &%
7E MPLAB Mindi 714/ EL[3& i34/ A AVR DB 0 F- W 3 4L ) B S B R AN ST IR 1 h i S 5B 2
7£ MPLAB Mindi 91, #7713 H GitHub % i () opamp.wxsch JFH K],

View Code Examples on GitHub

Click to browse repositories

K 7-2 s T RER AU SIS TG TARFTAMBICE, PRI AT IE R IS 2 ) A0 T A S DUE T AR S URC .
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BREARE
Bl 7-2. AR E—{#A MPLAB Mindi 3T E
voo .. . VDD
‘Vsupply Vin - ~_ [+ OPO o
___ S . - A:;. LT '|—:Vo:ut
Company MICROCHIP TECHNOLQOGY INC .
Tle  Connected Directly to Pins -AVRDB| 4R\
Author - MCUS8 Applications Group

Notes
Version . 0.1. Date 06-Aug-20.

%+ Simulator — Run Schematic ({/j %% — Z/7RIEED s TThEes FO 475 1.

7.3  HHESRE
WAIE B SHE (OPAMP) AME IR SER (788 FiL /00 BURARAE A T 1 s MORTER FIAIEC, LU Y 200k T
CPU i TAERBI%
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BREARE
[ 7-3. OPAMP.TIMEBASE—— % B i &
Bit 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 1

Bits 6:0 — TIMEBASE[6:0] Timebase
This bit field controls the maximum value of a counter that counts CLK_PER cycles to achieve a time interval equal to

or larger than 1 pus. It should be written with one less than the number of CLK_PER cycles that are equal to or larger
than 1 us. This is used for internal timing of the warmup and settling times.

#define OPAMP TIMEBASE US (ceil (F_CPU /le6)-1)
OPAMP.TIMEBASE = OPAMP_ TIMEBASE US;

TEA TR BB B N B R YE SR R, ATE s ) R (PWRCTRL) 7478 F I AN TEEEIER: (IRSEL) 15 A
1 % OPAMP #MRCE N T AR . ST ARARBIAN PR AZ BN, B R 28 BT REER I
7-4. OPAMP.PWRCTRL— & B# A E

Bit 7 6 5 4 3 2 1 0
| | | | | | [ [ERSEE
Access R/W
Reset 0

Bit 0 — IRSEL Input Range Select
This bit selects the op amp input voltage range
0 The op amp input voltage range is rail-to-rail
1 The op amp input voltage range and power consumption are reduced. See the Electrical
Characteristics section for more information

OPAMP.PWRCTRL = OPAMP_PWRCTRL_IRSEL_FULL gc;

W TR A E I, B ERNIGATTE, MR EXRHE N A #FH ENABLE/DISABLE 4R F fE/2E 1118
e, BRI R R O R Ik B 2% . AN, EAFN A, AT T4 E E4 R A% (TCA. TCB.
TCD. RTC. PORT Ml CCL %) f#ggakZtibizig. HIhaeH BIFsealaiat, RILEMUNAE 75 B fdaE, midE g -
5 — B RE .
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TB3286

BREARE
[ 7-5. OPAMP.OPNnCTRLA——TFit BiZ %] A
Bit 7 6 5 4 3 2 1 0
[ RUNSTOBY | | |
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0

Bit 7 — RUNSTDBY Run in Standby Mode
This bit controls whether or not the op amp functions in Standby sleep mode.

Value Description

0 OPn is disabled when in Standby sleep mode, and its output driver is disabled.
1 OPn will continue operating as configured in Standby sleep mode.

Bits 3:2 — OUTMODE[1:0] Output Mode
This bit field selects the output mode of the output driver.

Value Name Description

0x0 OFF The output driver for OPn is disabled, but this can be overridden by the DRIVEn event.
0x1 NORMAL ' The output driver for OPn is enabled in Normal mode.

0x2 - - Reserved

0x3

Bit 1 - EVENTEN Event Enable
This bit enables event reception and generation.

Value Description
0 No events are enabled for OPn.
1 All events are enabled for OPn.

Bit 0 —- ALWAYSON Always On
This bit controls whether the op amp is always on or not.

0 OPn is not always on, but can be enabled by the ENABLER event and disabled by the DISABLENn
event.
1 OPn is always on.

OPAMP.OPOCTRLA = OPAMP_OPOCTRLA OUTMODE NORMAL gc | OPAMP_ALWAYSON_bm;

X EEAIZTEARAE, ISR AN S ) BB BIG AR5, SIS TS B 7 1 2 BT R B B R
R T BREBERDGIH

_ MUXPOS MUXNEG MUXBOT MUXWIP MUXTOP
OPn INP INN OFF OFF

WIPO

X T IHEAIZTARCE, BT A B 28 e B PR 459 000,

© 2021 Microchip Technology Inc. AR DS90003286A_CN-3 17 T
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TB3286

BREARE
B 7-6. OPAMP.OPNRESMUX——Tit. B 5 7 . BEL I 45 2 B FF 5%

Bit 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:5 — MUXWIP[2:0] Multiplexer for Wiper

This bit field selects the resistor ladder wiper (potentiometer) position.

Value Name Description

0x0 WIPO R1=15R,R2 = 1R

0x1 WIP1 R1=14R, R2 =2R

0x2 WIP2 R1=12R, R2=4R

0x3 WIP3 R1=8R, R2 = 8R

0x4 WIP4 R1=6R, R2 = 10R

0x5 WIP5 R1=4R, R2 = 12R

0x6 WIP6 R1=2R, R2 = 14R

0x7 WIP7 R1=1R, R2 = 15R

Bits 4:2 — MUXBOT[2:0] Multiplexer for Bottom

This bit field selects the analog signal connected to the bottom resistor in the resistor ladder.
Value Name Description

0x0 OFF Multiplexer off

0x1 INP Positive input pin for OPn

0x2 INN Negative input pin for OPn

0x3 DAC DAC output (DAC and DAC output buffer must be enabled)
0x4 LINKOUT OP[n-1] output (Setting only available for OP1)(")

0x5 GND Ground

Other - Reserved

Note: When selecting LINKOUT for OP0, MUXBOT is connected to the output of OP2.
Bits 1:0 — MUXTOP[1:0] Multiplexer for Top
This bit field selects the analog signal connected to the top resistor in the resistor ladder.
Value Name Description

0x0 OFF Multiplexer off

0x1 ouT OPn output

0x2 VDD Vob

Other - Reserved

OPAMP.OPORESMUX = OPAMP_OPORESMUX MUXBOT OFF gc | OPAMP_OPORESMUX MUXWIP WIPO_gc |
OPAMP_OPORESMUX_MUXTOP_OFF_gc;
E T S AR AN R AR BB E) /O 5.
© 2021 Microchip Technology Inc. AR DS90003286A_CN-%; 18 T
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TB3286

BREARE
[ 7-7. OPAMP.OPNINMUX—— L B4 \ & B4 FF 2%
Bit 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bits 6:4 —- MUXNEG[2:0] Multiplexer for Negative Input
This bit field selects which analog signal is connected to the inverting (-) input of OPn.

Value Name Description

0x0 INN Negative input pin for OPn

0x1 WIP Wiper from OPn'’s resistor ladder

0x2 ouT OPn output (unity gain)

0x3 DAC DAC output (DAC and DAC output buffer must be enabled)
Other = Reserved

Bits 2:0 — MUXPOS[2:0] Multiplexer for Positive Input
This bit field selects which analog signal is connected to the non-inverting (+) input of OPn.

Value Name Description

0x0 INP Positive input pin for OPn

0x1 WIP Wiper from OPn'’s resistor ladder

0x2 DAC DAC output (DAC and DAC output buffer must be enabled)

0x3 GND Ground

0x4 VDDDIV2 Vb2

0x5 LINKOUT OPI[n-1] output (Setting only available for OP1 and OP2)

0x6 LINKWIP Wiper from OPO’s resistor ladder (Setting only available for OP2)
Other - Reserved

OPAMP.OPOINMUX = OPAMP OPOINMUX MUXNEG_INN gc | OPAMP_OPOINMUX MUXPOS_INP gc;

Foer Pk F 2R HE CERER ENaE) , BB RGN B ferfie . WRRoeraRm, MR
KAH 0x7F (127 us) H N SETTLE firis.

& 7-8. OPAMP.OPNSETTLE—— 2 B & & B [H]

Bit 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bits 6:0 — SETTLE[6:0] Settle Time

This bit field specifies the number of microseconds allowed for the op amp output to settle. This value is used by an
internal timer to determine when to generate the READYn event and set the SETTLED flag in the OPnSTATUS
register.

Bt OPAMP.CTRLA 23 7E#s 1) ENABLE £ 8 1 SRA% HEIE SR dspkie
& 7-9. OPAMP.CTRLA—1$ ¢ OPAMP #}%

Bit 7 6 5 4 3 2 1 0
| | | | [ ENABLE |
Access R/W
Reset 0

Bit 0 - ENABLE Enable OPAMP Peripheral
This bit controls whether the OPAMP peripheral is enabled or not.

Value Description
0 The OPAMP peripheral is disabled.

1 The OPAMP peripheral is enabled.

OPAMP.CTRLA = OPAMP_ ENABLE bm;

© 2021 Microchip Technology Inc. AR DS90003286A_CN-3 19 T
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TB3286
BHEATLE

SETTLED fifI{E N 0 Ranfag i el
& 7-10. OPAMP.OPOSNnATUS——OPAMP R 7

Bit 7 6 5 4 3 2 1 0

| | | | [ SETTLED |
Access R
Reset 0

Bit 0 — SETTLED Op Amp has Settled
This bit is cleared when the op amp is waiting for settling time related to enabling or configuration changes.
This bit is set when the allowed settling time is finished.

while (OPAMP.OPOSTATUS & OPAMP_ SETTLED_ bm)
{

’

}

e ERAIEH & AR A BRI A, BRI R

void OPAMPO_init (void)
{

/RN */
OPAMP.TIMEBASE = OPAMP_TIMEBASE US;
/*ERE R RRATEE*/

OPAMP. PWRCTRL = OPAMP_ PWRCTRL IRSEL FULL_gc;

/BB n B A */
OPAMP.OPOCTRLA = OPAMP_OPOCTRLA OUTMODE NORMAL gc | OPAMP_ALWAYSON_bm;

/*EEEZH n WAL BIF R/
OPAMP.OPOINMUX = OPAMP_OPOINMUX MUXNEG_INN gc | OPAMP_OPOINMUX MUXPOS_INP_gc;

/*BREEH n R HLB BT/
OPAMP.OPORESMUX = OPAMP OPORESMUX_ MUXBOT OFF gc | OPAMP_OPORESMUX_MUXWIP_WIPO_gc |
OPAMP_OPORESMUX_MUXTOP_OFF_gc;

/*BR BB n R R ] */
OPAMP.OPOSETTLE = 0x7F;

/*{§ifk OPAMP S} */
OPAMP.CTRLA = OPAMP_ENABLE_bm;

[ *ERIBE O TRRE*/
while (OPAMP.OPOSTATUS & OPAMP_SETTLED bm)
{

}

}

ARBIAES R A EL T GitHub B35 2 1 (1) simple-opamp U4 3R
¥E: ARBIAER T Atmel START 5t MPLAB® X MCC.

View Code Example on GitHub

Click 1o browse repository

© 2021 Microchip Technology Inc. AR DS90003286A_CN-4 20 T
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8.1

TB3286
H P R B A%

R R A%

K 8-1 Flrs IS TR IR BB B IO B, MO AL B P S B R 2P 8o AR () BRONESRE S, i 3
R () HiN.

Bl 8-1. HEERFE 4%

Vour

OPn

W RS TN IR, R AL % R R R
Vour =VIn

ZECE AR AHMERTBOL, R EE 5T 1,

PR BRI 4 2 B TR i A B e (R R BT, 200 R O R B Th M WL s (ADC) UM\ B2 4E
HLBR IR 2t A o

FA 41

1E AL E T, 2l B I R4 (Battery Monitoring System, BMS) IC. X2 ofhafE i
)2 T R ) 2 el L R RN G B PR . R A5 2, ) AT H T I 75 B R R B 4, DA(E AR S 2 R
AT 2 R

T RAGURRL %, FET 0 KA I SR R T BTaE & RIS (LE 8-2) o HIEZZMas N 2 Hith i
JEMIERER, T HL 2% i 38 e RT DATE P B0 EE S ADC LAEAT RAE RN — 2D Ab 3

R2
Vour = g3 g, X VBAT
T KRR PR AL A, POEFACR K B (R, S MR 8-1) o KPRV HRIE 4 R HLI

ADC iK%, > ADC it il AHEATZEm, Al ADC M N IR A 2 SR SR 72 . O 51O\ FL s PR BE 2% /2%
s A LR RS 2y s et e BT, BAE R ADC S A HIARFE BT
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8.2

TB3286
v P R B A%

Rl 8-2. ShE LYt L TR SR A

%R’I

- VIN

VDD

OPn oVour

TEXFP T, HEIh RS TS IR GRS XSG« HIh A R B R A1 R2 MR 7 e #8458 Hil 22 JBOR
BN RS R N . 6T 2S1P 43 TR A, A TAEHIE AT DUE 5V 1 8.4V 2 [ F{EfI{H. {HSE, MCU i)
HLYR L EARRELE 3V, MR R2 5 R1 2 thA 1:8.66 i, MALHEST 0.5V F1 0.87V 2 [f] I _FTH ) s R AL 3
R o ATLLEFENEE 1.024V # B SE HIEAE N ADC IS HH %K.

N T B R L BTG L AV R I HS r b R i (R R, 5 0 IR A 3 & A R PR . 3% 8-1 A LM 170 Ik
A HPE R, RS AR G, G A LA AR R A5 R A A 3 LA R A2 A T i %
THE P BARAOIAEE N A, B T R AOARAR B RN 3.7V, AT ENA RN 20%.

R 8-1. RSB/ —EFAIE K i PG DASE IR T #E

FRH SRR LI #E 5 8 LML A B LM AT

R1 R2 Vgar = 7.4V 1650 mAh 2950 mAh
8.66 kQ 1kQ 0.76 mA 2171 R 2128 R
8.66 MQ 1 MQ 0.76 pA %1 198 4 %) 351 4F

i F§ MPLAB Mindi 347 B 1R R B 233005 B

7 MPLAB Mindi /1, #TFFkH GitHub %52 ] Voltage_Follower.wxsch [ 5,

View Code Examples on GitHub

Click to browse repositories

& 8-3 22K EB 0 s % i B 256 mV B2 50 Hz. 256 mVpp IE5215 S I5EN . &Mt 5V st .
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8.3

TB3286
W PR R B A%

E 8-3. B1EFRREES——13 ] MPLAB Mindi BHTHIGE

350

300

VDD
+ ok
vdut
. ] mresd
3 i

my

350

[Company MIGROCHIP TECHNOLOGY ING
- [viue T Voliage Fallower! Unity Gain Bufier AVR DB

MicrocHR
- [author - MCUB Applications Group * 200

Notes
Version . 0.1. Date 29/06/2020

/ Vi

10 15 20 25 0 5 a0

Time/msecs smsecs/div

Label Legend Curve label Name Value

O Vin
[ Vout

Select. X0.87 Modified SIMetrix

##% Simulator — Run Schematic =& T I RESE FO HEAT (7 H. S 201005 B b i th £ & ] 8-3 (A7 &0 e
e ATUER], UGS BHEMAGS G, RIREATa AR ER B A8 N A B Uy .

FARAE
LRI T PRBE A% B MPLAB Mindi fii B . AT EC B A0 ¢ AVR DB OPAMP 2747 2% DA 58 H T BRI #%
B . A AT

BT RAR S N ERE B AR RN 51
IBTR R AR A N AE P E R B BUSLFE 4035 (Digital-to-Analog Converter, DAC) (1. Bl (A RAS 451 b
-

% 8-2. HURERBESS M AR G251 B

_ MUXPOS MUXNEG MUXBOT MUXWIP MUXTOP
OPn INP ouT OFF OFF

WIPO

 8-3. HLIEIRBEZS M RIS N\ &8 2 A DAC

_ MUXPOS MUXNEG MUXBOT MUXWIP MUXTOP
OPn DAC ouT OFF OFF

WIPO

XF TR R ERBE A%, BB HBE M 2% 22 BT R A A7 s K R R B Y 000,
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KFHAF AT



TB3286

H R PR P A
& 8-4. OPAMP.OPNRESMUX——FC B 17 e fH N 48 22 B 155
Bit 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:5 — MUXWIP[2:0] Multiplexer for Wiper
This bit field selects the resistor ladder wiper (potentiometer) position.

Value Name Description

0x0 WIPO R1=15R,R2=1R
0x1 WIP1 R1=14R, R2 = 2R
0x2 WIP2 R1=12R, R2 = 4R
0x3 WIP3 R1=8R, R2 =8R
0x4 WIP4 R1=6R, R2 =10R
0x5 WIP5 R1=4R, R2 =12R
0x6 WIP6 R1=2R, R2 = 14R
0x7 WIP7 R1=1R, R2 = 15R

Bits 4:2 — MUXBOT[2:0] Multiplexer for Bottom
This bit field selects the analog signal connected to the bottom resistor in the resistor ladder.

Value Name Description

0x0 OFF Multiplexer off

0x1 INP Positive input pin for OPn

0x2 INN Negative input pin for OPn

0x3 DAC DAC output (DAC and DAC output buffer must be enabled)
0x4 LINKOUT OP[n-1] output (Setting only available for OP1)(")

0x5 GND Ground

Other - Reserved

Note: When selecting LINKOUT for OP0, MUXBOT is connected to the output of OP2.

Bits 1:0 — MUXTOP[1:0] Multiplexer for Top
This bit field selects the analog signal connected to the top resistor in the resistor ladder.

Value Name Description
0x0 OFF Multiplexer off
0x1 ouT OPn output
0x2 VDD Vob

Other - Reserved

OPAMP.OPORESMUX = OPAMP OPORESMUX MUXBOT OFF gc | OPAMP OPORESMUX MUXWIP WIPO gc |
OPAMP_OPORESMUX_MUXTOP_OFF_gc;

FEA SRS Y A0 FiL s BB A RS v S T i R B SO N IS TR RIS N AE A B4 1) DAC fanth

© 2021 Microchip Technology Inc. AR DS90003286A_CN-%5 24 1
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TB3286
W P R P 2%

[ 8-5. OPAMP.OPNINMUX—— L B4 \ & B4 FF 2%

Bit 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bits 6:4 —- MUXNEG[2:0] Multiplexer for Negative Input
This bit field selects which analog signal is connected to the inverting (-) input of OPn.

Value Name Description

0x0 INN Negative input pin for OPn

0x1 WIP Wiper from OPn'’s resistor ladder

0x2 ouT OPn output (unity gain)

0x3 DAC DAC output (DAC and DAC output buffer must be enabled)
Other - Reserved

Bits 2:0 — MUXPOS[2:0] Multiplexer for Positive Input
This bit field selects which analog signal is connected to the non-inverting (+) input of OPn.

Value Name Description

0x0 INP Positive input pin for OPn

0x1 WIP Wiper from OPn'’s resistor ladder

0x2 DAC DAC output (DAC and DAC output buffer must be enabled)

0x3 GND Ground

0x4 VDDDIV2 Vppr2

0x5 LINKOUT OPI[n-1] output (Setting only available for OP1 and OP2)

0x6 LINKWIP Wiper from OPQ'’s resistor ladder (Setting only available for OP2)
Other - Reserved

OPAMP.OPOINMUX = OPAMP OPOINMUX MUXNEG OUT gc | OPAMP OPOINMUX MUXPOS DAC gc;

HL I BR B S A a6 ARG G BT

void OPAMPO_init (void)
{

/*BREREE*/
OPAMP.TIMEBASE = OPAMP_TIMEBASE US;
/*ERE B R TEE*/

OPAMP . PWRCTRL = OPAMP PWRCTRL_ IRSEL_ FULL gc;

/BB n EH A */
OPAMP.OPOCTRLA = OPAMP_OPOCTRLA_ OUTMODE_NORMAL_gc | OPAMP_ALWAYSON bm;

/*EEEZH n WAL BEITR*/
OPAMP.OPOINMUX = OPAMP_OPOINMUX MUXNEG_OUT gc | OPAMP OPOINMUX MUXPOS_DAC_gc;

/*EEBZH n REHEL BB IT R/
OPAMP.OPORESMUX = OPAMP OPORESMUX MUXBOT OFF gc | OPAMP OPORESMUX MUXWIP WIPO gc |
OPAMP_OPORESMUX_MUXTOP_OFF_gc;

/*EEEIZH n RN E >/
OPAMP.OPOSETTLE = Ox7F;

/*{E88 OPAMP #ht*/
OPAMP.CTRLA = OPAMP_ENABLE bm;

[ ERFB RIS RE */
while (OPAMP.OPOSTATUS & OPAMP_SETTLED bm)
{

’

-

© 2021 Microchip Technology Inc. AR DS90003286A_CN-3; 25 T
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8.4

TB3286
v P R A%

ARSI A EL T GitHub B3R 2E H ) voltage-follower U JE 3T

O View Code Example on GitHub

PABUHETE R3] MPLAB £072 7/ 214 55
A5 ¥f# A Curiosity Nano ) AVR DB [ Efi2 iz — R ILSRE . RIUk, ¥ v s i MUGRFE R B F2 P ABRAT BA R
e
¥ OPAMPO [t & >y Hi & FRFifi 7%
« fd#if] AL DAC 1 TCBO #4E 50 Hz 1IE5%%, #RJEHA OPAMPO [ E A%
KH B TCB1 #1 ADC %} OPAMPO i Hi gk 7R A
¥ ADC 45 R fil DAC R#E LI B ik USART 1443 MPLAB 2047 A #i L #%

PR O B AT BRI L B 12 3578 AVR DB

BRFNIHBATER, THEIE 6. MPLAB $udfs i WAk &5 ik 0 BRERAE . ZEINEM LAE X SCAH2 voltage_follower.json, 7J
£ GitHub B EH R . 14 8-6 Pros Sy 4 Ron il

G[E)]

EE-]

Y]

fEZHZR T, 20t 308 DAC BE, S 3RsRe E Dy i BREE 45 10 OPAMPO R BRI o TE Q077 05 B i 9300 00
B PIAME SAEREA ] R A EE. DAC P ERBIES ADC KAERBIE Z S SiREER, X2hThE
DAC. ADC USRI RAIRZE T (T I 7 AT E D .
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9.1

TB3286
(R T 4R 2 K A%

[F A AT G FE A 2 TR 4%
[ 01 i IE HO FLARHOK SRR . 5.2 Wt o FE BB B 5 B U7 T S SO e A7 R2/R LA FE 35

L BH A3 B 3 AT KNG 5o X RIS ALE T R FE R2/RY ok 5E R, RILFR N T 4R FE R 235 K 3% (Programmable
Gain Amplifier, PGA) .

9-1. [FAH A 4ufE 2 R3S

Vin +
OPn —— Vour
T VWA AWV
= R1 R2

B E R TR A W
R
Vour = (1 + R_i)VIN

FEEM . OO WitEAR T

Gain =1 + 22
ain = +R_1

55 e ERBE A A D0 — A, [RAR AT SR 1 S OR A8 T s A P S (R PR &, IERIE &1 9k &3] ADC
HR AR 5 Z (R R AL

i
FAHOR S (i E—RTE) MR I8 7E T-ehs.
. KRS SR A B S

PRECRE SRR IUROR 58, B0 G (472) . W26 5 R T i RY/RY BB ARIELE (LB 9-1) .
KN R R RO S8 A T ADC T A ZR B AR g, JEEERIAT DA F 4 A4
- ADC {3 NFHCIE B, PRI DR ROA 28 76 24 i i
© PR THAEBIEATEE, TR R TR P
(B AAE KR TS . ADC M A 2 IR T2 4:H 25 mV. ADC f4#1% 10 i, Bk 1,024V, K&k
¥, PIEGRT WA, —MRICEXAL (Least Significant bit, LSb) HIELIZZEANST 1 mV, EAIALS 5 4%.
BRI R A, X2 MK, AT ADC BERRERH (S AT HOR, 0] LB BCRb A
W IR 16 Y, S SAE B B HORE 400 mV. BRI T, 1 mV ML ECH S 20
0.25%, LK.

FE—LeR b, R 2 BORFEHBOR S B A e ot Gl I S 38 A B AT BB o XN B S M5
SR T AN E B TUE TEE A . (BURAE S BA R ASTEHE, B RS A S S BTN (B, 3%
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9.2

9.3

TB3286
[ ] G R Y o K A%

B s (it 246D BERTRER R4, XA E 2 2 2R . 0T IO, WRAENEAE AR T R AT
RTBEBORE g s, WKt R TTRRRIGERB/NE a3, H2 M HAME S Bk B B E R A . X
DUE i w4 R0 S OR A (PGA) SRSEIL, b i S it rE BE B W] AAE 2 ME Z RIBEAT I 5 . IR AR T e i i
P, EEIPR R FE AW AL HE S MRS T R R A T BRI i i R SR PGA IS ARR iz, Bl
AR R TAVMEET G IR Bl Al sl At s &

/| MPLAB Mindi #£47 E4H PGA i &

£ MPLAB Mindi /1, #TJ3RH GitHub %5 % ) Non_Inverting_ PGA(AVR_DB).wxsch [ 2 &,

View Code Examples on GitHub

Click to browse repositories

Bl 9-2 i34y Fitzm Fi i B B 128 mV BRI 50 Hz. 128 mVpp IE3Z1E SURIKAN. (&7 3.3V Hiits d JE it
o

B 9-2. [F# PGA——/# f§ MPLAB Mindi /T E

my
g

Non-Inverting PGA gain settings:

400
| Gain | MUXWIP | ResValues | = o 300
|

OP1 Wiper |
Value{ Name| - ‘R1 |- -R2|

[1.06 | -0x0] WIPO] 60K| = - k|
[1.14° | “0x1) WIP1] 56K 8K|
11.33 0x2] WIP2| = 48K| = 16K| [Company MICROCHIP TECHNOLOGY INC

200

|

|

|
[175 | 0x3] WIP3|  32k| 32k|  [Fle  Nomhvertng FGA AVR 0B o
233 | Oxd| WIP4| 24k A0k} | MicRscms
|4 ] Ox5] WIPS| | i6k]  48k| < [ pplications Group

18 :0xB| WIPB| 8k| . 56k| Notes
|16 0x7| WIPT| k| - 60K| [version 0.1_Dale 29/06/2020 100
10 is 20 25 30 s 40
Time/mSecs SmSece/div
Label Legend Curve label Name Value
O vin
O Veut
Select X0.87 SIMetrix

4% Simulator — Run Schematic Zi#% T TR FO HEAT (7 5. 245 2 05 S b i h 28 - ] 9-2 fyA5 1 i3 e
e WUER], flfES (L) ZMAGES R0 P HORREFEA . X LR &1 2 O e B K 708 .

FARIE
R T R TR ARG 2O 2% FL R 1 MPLAB Mindi £ B . <5440 B 4H 55 AVR DB OPAMP %5 778% LA fdi g
[FAH PGA BCE K #eAFE, BARMT:
o BT FIARS O GERE B P AU L M ds (DAC) i
TB TR I A A N 42 38) P RS0 T L BEL DY 4% Fr e S 7 BB
T TV FL BEL O 2% (VR s e o Sk 07 BB W B 2, o0 T o L PO 4% 11 OO 2 B B 3 i i o o

© 2021 Microchip Technology Inc.
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TB3286
[ ] R o K A%

® 91 B4 TRHE AP DN B E VR PGA LB T H IR E .

* 9-1. FfH PGA i FIH#HI N\ 2] A # DAC

| woreos  wues wuxaor wuwp wxior |
OPn DAC WIP GND BB R ouT

X+ FEIAH PGA, B H M %2 BT R A A2 B BN 0x75,
9-3. OPAMP.OPNRESMUX——TC B4 7% . B M 4% £ BR FF 5%

Bit 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:5 — MUXWIP[2:0] Multiplexer for Wiper
This bit field selects the resistor ladder wiper (potentiometer) position.

Value Name Description

0x0 WIPO R1=15R,R2 = 1R
0x1 WIP1 R1=14R, R2 = 2R
0x2 WIP2 R1=12R, R2 = 4R
0x3 WIP3 R1=8R, R2 =8R
0x4 WIP4 R1=6R, R2 =10R
0x5 WIP5 R1=4R, R2 = 12R
0x6 WIP6 R1=2R, R2 =14R
0x7 WIP7 R1=1R, R2 = 15R

Bits 4:2 - MUXBOT[2:0] Multiplexer for Bottom
This bit field selects the analog signal connected to the bottom resistor in the resistor ladder.

Value Name Description

0x0 OFF Multiplexer off

0x1 INP Positive input pin for OPn

0x2 INN Negative input pin for OPn

0x3 DAC DAC output (DAC and DAC output buffer must be enabled)
0x4 LINKOUT OP[n-1] output (Setting only available for OP1)(")

0x5 GND Ground

Other - Reserved

Note: When selecting LINKOUT for OP0, MUXBOT is connected to the output of OP2.

Bits 1:0 — MUXTOP[1:0] Multiplexer for Top
This bit field selects the analog signal connected to the top resistor in the resistor ladder.

Value Name Description
0x0 OFF Multiplexer off
0x1 ouT OPn output
0x2 VDD VDD

Other - Reserved

OPAMP.OPORESMUX = OPAMP OPORESMUX MUXBOT GND_gc | OPAMP_OPORESMUX_ MUXWIP_WIP3_gc |
OPAMP_OPORESMUX_MUXTOP_OUT_gc;

FEASCRFE PR A PGA A 7= il e, 38 OB a0 8 1A i BH I 2 B2 B SO » 38 SRTBOR AR ) R RR A
1E A EREREH] DAC Hirthh .
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[ T G R 1 o K A

& 9-4. OPAMP.OPNINMUX——PE B \ & B4 FF 2%

Bit 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bits 6:4 —- MUXNEG[2:0] Multiplexer for Negative Input
This bit field selects which analog signal is connected to the inverting (-) input of OPn.

Value Name Description

0x0 INN Negative input pin for OPn

0x1 WIP Wiper from OPn'’s resistor ladder

0x2 ouT OPn output (unity gain)

0x3 DAC DAC output (DAC and DAC output buffer must be enabled)
Other - Reserved

Bits 2:0 — MUXPOS[2:0] Multiplexer for Positive Input
This bit field selects which analog signal is connected to the non-inverting (+) input of OPn.

Value Name Description

0x0 INP Positive input pin for OPn

0x1 WIP Wiper from OPn'’s resistor ladder

0x2 DAC DAC output (DAC and DAC output buffer must be enabled)

0x3 GND Ground

0x4 VDDDIV2 Vppr2

0x5 LINKOUT OPI[n-1] output (Setting only available for OP1 and OP2)

0x6 LINKWIP Wiper from OPQ'’s resistor ladder (Setting only available for OP2)
Other - Reserved

OPAMP.OPOINMUX = OPAMP OPOINMUX MUXNEG WIP gc | OPAMP OPOINMUX MUXPOS DAC gc;

Al PGA WA AIS U0 T s :

void OPAMPO_init (void)
{

/*ERE R EE*/
OPAMP.TIMEBASE = OPAMP_TIMEBASE US;
/*ERE B R */

OPAMP . PWRCTRL = OPAMP PWRCTRL_IRSEL_ FULL gc;

/BB n E# A */
OPAMP.OPOCTRLA = OPAMP_OPOCTRLA OUTMODE_NORMAL_gc | OPAMP_ALWAYSON bm;

/*EEEZH n WAL BITR*/
OPAMP.OPOINMUX = OPAMP_OPOINMUX MUXNEG_WIP gc | OPAMP OPOINMUX MUXPOS_DAC_gc;

/*E B n HEHHSL B BRI+ /

/* WIP3 => Rl = 8R, R2 = 8R */

/*¥28 = 1 + R2/R1L = 2 */

OPAMP.OPORESMUX = OPAMP OPORESMUX MUXBOT GND gc | OPAMP OPORESMUX MUXWIP WIP3 gc |
OPAMP_OPORESMUX_ MUXTOP_OUT gc;

/*BREIE n e R ] */
OPAMP.OPOSETTLE = 0x7F;

/*{§ifk OPAMP S */
OPAMP.CTRLA = OPAMP_ENABLE_bm;

[ *ERIBETURARTETE*/
while (OPAMP.OPOSTATUS & OPAMP SETTLED bm)
{

’

-
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TB3286
[ A P 248 2 UK 2%

AR FIARES AT LA GitHub %5 % H ) non-inverting-pga U442 3R

O View Code Example on GitHub
Click 1o, browse repesitory

PABUHETE R3] MPLAB £072 7/ 214 55
A5 ¥f# A Curiosity Nano L) AVR DB [ 2 iz — R [FIAH PGA #:1E. Rk, RS B YL A2 B AR 7 LARAT
DA A
1% OPAMPO Hit B A [F] FH 1 25 JBOK 2%
« ffifH = DAC #1 TCBO 74 50 Hz IE5%3, #RJa1% A OPAMPO ¥ [F A4
KH B TCB1 #1 ADC %} OPAMPO i Hi gk 7R A
¥ ADC 45 R fil DAC R#E LI B ik USART 1443 MPLAB 2047 A #i L #%

PR O B AT BRI L B 12 3578 AVR DB

BRENFIBITHR, IR 6. MPLAB 45 nf WAL A8 Frid 20 B o BN TAE X S0
non_inverting_PGA.json, TI7E GitHub ZEJiJEH3REL. Kl 9-5 Frn RTIALE Rontil .

Bl 9-5. [FIAH PGA—X¥fE il LAk 2 th i 2% &

»srowtvena @ Q@ 9 T[S

Waveform Generator DAQ) a2 |
(@ Add Piot
Data Axis
| e $
]
m

Non Inverting FGA (OPAMF) 3 | §

FEIZIZIE T, 0308 DAC W, SRR ELE N A PGA ) OPAMPO FIRFEsI o R4 301 SR P FU01 9 718
B, OSSR HHE S8R T 2 4%, [RG5S E S RFFM .
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10.

10.1

TB3286
b= O

£ T TR AR

K 10-1 Jros vl LS IOE L TR 2 0 TR SR BCE . A s, Z 8BRS A AN AE S V1 AT V2 DU
{55 OP1OUT M V2. MM G S 2 BRI ZE S NMNG S 2 BRI Z R EE] . AN 2205 5 2 18] 1 B E 51
Wi R2 M R1 Z (A HE B E . Kk, Z RS UBCKRZE2ME 5.

B 10-1. =4k
Vpirr = OP10UT - V2
V2 +
= (V2-V1)R2/R1
OP1 —
OP10UT = V2 - (V1-V2)R2/R1
V1 + =
R1(OP1) R2(OP1)
OPO VW AWV

it s OP1OUT it E AR T
R
Vopiour =V2 — (Vl - VZ)R_i

ZfE S Rt A T

R
Vpipr = OP10UT — V, = (VZ - Vl)R—i

35N
. Ry
Gain = R_l

ZEOY TN AR IE H TR AT BN 22005 ST80K, - DMEREJA e H1 227> ADC Fe o vl (55

Hi#l

XA 225 ADC RO HLIT 5, {8 R IRUR I Pl B 2 Pl B ) PRV R — N BB LRI . ADC Rt FiL B
P 3 XD B o U015 £ P 5 R Y PSS D00 P BELEL AN TR A 2 X BT T 5545 H R

A L R SN H I H BELA S AR R -
o HETIEER I ThAE
2 FELBH P 2 R B
X P 0 TS T LSRR 3 R FELARR PT BE AR LB R SRAF LAZRAR, X — x0T FARTHRER F SR o B 2. (IR BCREAE
WA G, HINE AR TN e, POy R AL SR A R AR AR e D, T DA A 22 23 THOK 88 SRTBOK FLIAL
G0 e FEL 79 S P i e, AT B v M o R LR/ 7 A AN D FE O RE R 0 10-1 I
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TB3286
E TR

2 10-1. RN S TIRER D BRI R R

R mV] T [mW] FERAHARE | Tx K A RE
[mA/bit] [mA/bit]
10 100 50

1000 7.14
1 10 100 500 71.4
0.1 1 10 5000 714

e ZRBEETEN 10 mA, S HEE N 1.024V 1) 12 £ 245> ADC,
El 10-2 BB 7 4l #5 B i AG I H B 5 ADC 2 [JCE — AN ZE 0 0K EE,  LAE ADC REfE I E UK HITE 5 .
Bl 10-2. FF L A0l e B e i 2 R 22 0 TBOR 38

Vaine
8 \@L’

V
I i Rs INN

R1(OP1) R2(0P1)
OPO VWA %

f F MPLAB Mindi #4720 UK SR B

1 MPLAB Mindi #, #TFkH GitHub %5 % ] Differential_Amplifier.wxsch 531 5.

View Code Examples on GitHub

Click to browse repositories

TEE 10-3 3B R BB, S5 — NS Vpp/2 W83, 55 = ANSHUH BN 1.65V 1) 25 Hz 256 mVpp 1E
ZASSIEINE . XA B 3.3V HJEfL .
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10.3

TB3286
b= O

Bl 10-3. Z43 ki —— FH MPLAB Mindi #4785 &

~

— e
¥

Mdifte (V2-VIRZRT

JoP10UT E
OF100T = V2 (VIVZRZIR]

vy -
L om
" -
iy . . - oo . L .
= . [ e . R -
. . oo RO - RO L oo Lo
l E -100
Differential amplifier gain settings: - - - B B e B 200 \ / \ /
[OPTWIP |
| Gain | MUXWIP - | Res Values |
| - |value}Name} - -R1 | RZ\ s s R s

|
10.06 |7 .0x0| WIPD] . BOK| - . 4k] s s o s 300
014 | Ox1) WIP1] 56K| 8K -
}8 ;g } gXCZB} w:g:ﬂ ;SEI ;gil [Company MICROCHIP TE CHNOLOGY INC
X Tiie  Difbrental Amplicr AVR DB o
[1.33 - |- -Ox4| WIP4{. 24Kk| - 40k|- - T ] Mmoo 10 20 0 40 50 0 70 0
3D O8] WIPS) . A6k| | 48K]: - N R =
I7 |7 0xB| WIPB] = © 8k| @ 56K]| Notes Time/mSecs 10mSecs/div
15 " 0x7) WIPT] © 4K| - 60k] [Version_0.1_Date 2000812020
Label Legend Curve label Name Value
o o o o o o - O va-vi
[ veift
< >
Select xo.72 NET=0PO_out SMetrix

#:#% Simulator — Run Schematic 5% T TUAESR FO il {7 01T, KL 73 004 10t AR P 10-3 (A7 4543
oo LB E], ACFIE A IR HS B0 H384 mV, & ATER (5 S AT Voo/2 (i 9128 mV. 17
.

Zﬁ?%%ﬁﬂﬁ

— A EA T 225 KA L T MPLAB Mindi 475 5. ACTRRS I BLAH S AVR DB OPAMP 2717 5 LL{H RE 22 70 UK 23
Eﬂﬁ&%’%ﬁ?o A PRI

BRI REARSR N E R B AR AN 5]
© IEHn WMFEARS NERE R Vpp/2, J2Hn + 1 455 DAC™. B Bt A ARAD 451 Hh A i %70 5

R 10-2. ZH RS HIFAARMAEZESF 5 H

_ MUXPOS MUXNEG MUXBOT MUXWIP MUXTOP

WIPO
oPn+1M INP WIP LINKOUT W RE 2 ouT

£ 10-3. 20 BORERKI FRAER A ERS] Vpp/2 MAEE DAC

_ MUXPOS MUXNEG MUXBOT MUXWIP MUXTOP

VDDDIV2 WIPO
OPn+1(1) DAC WIP LINOUT BB R e 2 ouT

H#:
1. Wi n=2, I OPn+1 4y OPO.
T ZE 5 TR, OPO F1 OP1 I TY HIBE N 45 2 % ¥ OC 27 A2 4 3 I IC B 9 0x00 Al 0xBl. XEWRE AN 3.
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TB3286
b= O

& 10-4. OPAMP.OPnRESMUX——¢ B £ 7% e [H P 48 52 B 1%

Bit 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:5 — MUXWIP[2:0] Multiplexer for Wiper
This bit field selects the resistor ladder wiper (potentiometer) position.

Value Name Description

0x0 WIPO R1=15R,R2=1R
0x1 WIP1 R1=14R, R2 = 2R
0x2 WIP2 R1=12R, R2 = 4R
0x3 WIP3 R1=8R, R2 =8R
0x4 WIP4 R1=6R, R2 =10R
0x5 WIP5 R1=4R, R2 =12R
0x6 WIP6 R1=2R, R2 = 14R
0x7 WIP7 R1=1R, R2 = 15R

Bits 4:2 — MUXBOT[2:0] Multiplexer for Bottom
This bit field selects the analog signal connected to the bottom resistor in the resistor ladder.

Value Name Description

0x0 OFF Multiplexer off

0x1 INP Positive input pin for OPn

0x2 INN Negative input pin for OPn

0x3 DAC DAC output (DAC and DAC output buffer must be enabled)
0x4 LINKOUT OP[n-1] output (Setting only available for OP1)(")

0x5 GND Ground

Other - Reserved

Note: When selecting LINKOUT for OP0, MUXBOT is connected to the output of OP2.

Bits 1:0 — MUXTOP[1:0] Multiplexer for Top
This bit field selects the analog signal connected to the top resistor in the resistor ladder.

Value Name Description
0x0 OFF Multiplexer off
0x1 ouT OPn output
0x2 VDD Vob

Other - Reserved

OPAMP.OPORESMUX = OPAMP OPORESMUX MUXBOT OFF gc | OPAMP OPORESMUX MUXWIP WIPO gc |
OPAMP_OPORESMUX_MUXTOP_OFF_gc;

OPAMP.OP1RESMUX = OPAMP_OPIRESMUX MUXBOT_ LINKOUT gc | OPAMP_OP1RESMUX MUXWIP_WIP5_gc |
OPAMP_OP1RESMUX MUXTOP_OUT_gc;

FEAS SRS 8 B £ 22 3 TR 2 ARG s o, OPO Rl AH A N iE#£ %1 Vpp/2, OP1 i£4% %] DAC.
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E I THRER

& 10-5. OPAMP.OPnINMUX—— T B\ £ B FF 2%

Bit 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bits 6:4 —- MUXNEG[2:0] Multiplexer for Negative Input
This bit field selects which analog signal is connected to the inverting (-) input of OPn.

Value Name Description

0x0 INN Negative input pin for OPn

0x1 WIP Wiper from OPn'’s resistor ladder

0x2 ouT OPn output (unity gain)

0x3 DAC DAC output (DAC and DAC output buffer must be enabled)
Other - Reserved

Bits 2:0 — MUXPOS[2:0] Multiplexer for Positive Input
This bit field selects which analog signal is connected to the non-inverting (+) input of OPn.

Value Name Description

0x0 INP Positive input pin for OPn

0x1 WIP Wiper from OPn'’s resistor ladder

0x2 DAC DAC output (DAC and DAC output buffer must be enabled)

0x3 GND Ground

0x4 VDDDIV2 Vppr2

0x5 LINKOUT OPI[n-1] output (Setting only available for OP1 and OP2)

0x6 LINKWIP Wiper from OPQ'’s resistor ladder (Setting only available for OP2)
Other - Reserved

OPAMP . OPO INMUX
OPAMP . OP1INMUX

OPAMP_ OPOINMUX MUXNEG_OUT gc | OPAMP OPOINMUX MUXPOS _VDDDIV2 gc;
OPAMP_ OPlINMUX MUXNEG WIP gc | OPAMP_( OPlINMUX MUXPOS DAC_gc;

HL T BR BB 23 AT 26 AL A a0 T s -

void OPAMP_init ()
{

/*BRERFE*/
OPAMP.TIMEBASE = OPAMP_TIMEBASE US;
/BB R ERAE*/

OPAMP . PWRCTRL = OPAMP PWRCTRL_ IRSEL FULL gc;

/*ECE OPO */

OPAMP.OPOCTRLA OPAMP OPOCTRLA OUTMODE NORMAL »_gc | OPAMP ALWAYSON bm,

OPAMP . OPOINMUX OPAMP OPOINMUX MUXNEG ouT ' _gc | OPAMP OPOINMUX MUXPOS VDDDIV2 _gc;

OPAMP .OPORESMUX = OPAMP OPORESMUX MUXBOT OFF ' gc | OPAMP OPORESMUX MUXWIP WIPO _gc |
OPAMP_OPORESMUX_ MUXTOP_OFF gc;

OPAMP.OPOSETTLE = Ox7F;

/*EE op1*/

OPAMP.OP1CTRLA OPAMP 0P1CTRLA OUTMODE NORMAL »_gc | OPAMP ALWAYSON bm,

OPAMP . OP1INMUX OPAMP OPIINMUX MUXNEG WIP _gc | OPAMP OPIINMUX MUXPOS DAC ._gc;

OPAMP .OP1RESMUX = OPAMP OPlRESMUX MUXBOT LINKOUT ' _gc | OPAMP OPlRESMUX MUXWIP WIPS _gc |
OPAMP OPlRESMUX MUXTOP ouT _gc;

OPAMP.OP1SETTLE = Ox7F

/*fE8E OPAMP A}t/
OPAMP.CTRLA = OPAMP_ENABLE bm;

/*ERFBEBRREE*/
while ((OPAMP.OPOSTATUS & OPAMP_SETTLED bm) & (OPAMP.OP1STATUS & OPAMP_SETTLED_ bm))
{

’

-
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10.4

TB3286
E I THRER

AR RIS RT LA GitHub %5 2 H 1) differential-amplifier SCEEIEIREN .

O View Code Example on GitHub
Click 1o, browse repesitory

PABUHETE R3] MPLAB £072 7/ 214 55
A5 ¥ M A Curiosity Nano L 1) AVR DB [P AN P EE UE R 22 00 O 888 . IRIL, BN o R DLgm R oL F R DABA
AT LA R HRAE:
it B OPAMPO #1 OPAMP1, LAt 2240 UK S lic &
« OPAMPO I [FIFIH N IR E] Vpp/2
i/ I DAC Al TCBO =4 25 Hz 1E54%%, #RJEH N OPAMPA [ R A% A
KM F £ TCB1 #1 ADC %t DAC 5 OPAMP1 it 2 18] ) 224315 5 HEAT ekt
¥ ADC 45551 DAC SR (FEXTT Vpp/2) BAZRE T =l it USART &4 %] MPLAB 24 ] #4445

N IR BOA 20K, RO LR BERALE R £ AVR DB T

BRANIHIZATH R, HIEIE 6. MPLAB 4l il WAL 2% BTk 0 PR A . BN TAE X SR
differential_amplifier.json, W 7E GitHub HIHAEHIREL. K& 10-6 A NS Fonl.

Bl 10-6. Z /TR ——HdE TRk AR ) i R

Wsowivenaa R Q@ 9 T @

diffinputon Decoder 1 & |
@ Add Piot

Data Axis

diffoutputonDecoder1 & b & T
@ adapiot

(® Add Data Axis

TEE 10-6 FrRr 2B, R RMATT Vpp/2 B DAC I, G RsHINT DAC %l i) OPAMP1 KRR H! .
IEWh B R IA R RS, e RIRE KA RMNEER 3 5. 2T AL ERN 3 15, FEZ&MHS DAC.
ADC #1 OPAMP #H2<i ZAVRZ AT (RSB A ST TE D .
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11.

TB3286
VeI ONT

PRI

B 11-1 FoR A CRIOC SR E . KA aHmA NG S V1 R V2 DRSS Vour. MG S SHAMMAGESZ
A ML L. OPO Al OP1 127878 4 V2-V1 Z 0 N UK ISt as, 1 OP2 78 2 70 UK & CSARAN [FIRH RO 4%

M) o WadiHE S 5SEMMAE S ZRIERR, @i R2 5 R1 Z[EHHE 5.

E 111, SCEBOR S
V2
R2(OPO0) R1(OP0)
VWA VWA
V1
R1(OP2) R2(0P2)
VWA AN

v B s Vour BITHSE AT

Vour = (VZ — Vl) X Gain

8 5 1 OPAMPO H1 OPAMP2 (6 T HiLBEL I 45 it Sk Az B AL R sE , ik 11-1 s

R 1M1, ERBORZHIG 2

Vour = (V2-V1)*Gain

s OPORESMUX.MUXWIP OP2RESMUX.MUXWIP

1/15 0x7 0x0
1/7 0x6 0x1
1/3 0x5 0x2
1 0x3 0x3
3 0x2 0x5
7 0x1 0x6
15 0x0 0x7

WG AR, IS TRACRIBORA R 22 205 S A IR i A5 5, [RIIRf ORoKE vt i N\ BELL G 0 i 1 FEL
Pi. B, e UMEAZE M LS5 ADC LG S BT, LAME ADC REMSHEATHE— 0 A AL BN E PSR o
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1.1

TB3286
BRI

Hi#1

Vr L N S S A R B R, BIAE . R DR RURSE . X B AR AR R R e R
o RSN RARENR R RE S, W, HRES0E A SR, R o AT R
W ESEIOR . AR T ot DAL BRI AL, DMEARSE AR SR (E 2 iR o A7 < A Sl B AN F i SR G — BEAE
K, 1S WE 11-2. HT R SPBEEAR SR RS 5 RO B R T OERIOR & . I, DGR A At 2 1%
RS S 5 o

11-2. PERZESH R GESHAEE

Microcontroller

Real World
(Physical Quantity)

Transducer

»| (Convert to electrical

«| Instrumentation
L

N ADC

signal) Amplifier E (Data Aquisition)

A E

Temperature E

Humidity ' \ 4

Pressure : '

Light Control Signals ! CPU

sound Actuator < N (Processing and

etc ' Decision Making)

R 1 2 M7 G AT 0 3. (HA — Rt 2, MR B HE AR A REIET TIE. AL AT 2N R ]
IEH TAR . XRMERAGSS BT E A DI B B R B (RDBIR, Ao, iR i) TAFE. miife /&
T EAMB A REIEH TAE . XL R IS (Pl e e A e S .

AHRE A (BB A AT K 25 BELPE TR PR A% AR SR B DGR BOR A (B 11-3)

Bl 11-3. BETE TGRSR

V2

OPO

V1

OP1

FEZHEET, Rav Rg Ml Re &AL E M. Ry ARG I, MRIEHEN (022 B R M A . % R BH A BT
RIHE—RFE FRIEH 5 AR AR IR BT PRS-
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TB3286

PRI 2%
Sk PR ﬁ—g = 2—: =1, BHGEAIRAN AR CUERMRBIES RN NE, FILBOCR 05

AP R R AL, B V2 AR T V. RIS SRR Ry 2204 Ry £ AR SR A BGERIIUR 887 A4 %2
Iy AN, TBORER K R AN

Rp

V1=R3+RCXVDD
R
VZZ—AXVDD
Rq+ R+ AR

BT HBLEFA A fE, B: Ra=Rg=Rc =Ry =R, NZEHERAKALN:
Vz—V1=%XVDD—ﬁXVDD

+AR
2(2R £ AR)

R AR 1 AR 3/ T 2R (AR << 2R), MIAZA 4L -

Vo—-V1= XVpp

+AR
Vo=Vi=3 XVpp

BRI, ACRIBORE % A 2Ros

Vouyr = Gain X i;—AR}? XVpp

X BRSO A% F i P B T
o FREERHEAEN AR
o FUREBMMEE (WE 11-1) .
FERENNERA, ZE0HIE V-V AUAZNIE. XA OV iz FIFEHUHEE 5 IEA+Vpp SLRE 4 3.
R, 76 S BTG B s B A e I A N o . A R B e TG N ER BEL A 1R/ 47 AR Ak
S I AR OR B T T2 MR IR, e
o BET IR REL IR A R
o LT fifFH (Force-Sensitive Resistor, FSR) [ /& o
o BT RS AR EERE

£} MPLAB Mindi BHT R BB E

1 MPLAB Mindi #, #TJF3kE GitHub % 1] Instrumentation_Amplifier.wxsch JFFE ],

View Code Examples on GitHub

Click to browse repositories

B 11-4 J2 2834 o s ig B 825 mV BRI 25 Hz. 256 mVpp IE5ZZE0ME SIS . Eh 3.3V H Bt
H .
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1.3

TB3286
BRI

Bl 11-4. {URBK 2 ——# ] MPLAB Mindi #/THAI{E
oo A\ A
- SESINEE |l TN

—_ 16K 48K

R4 — 1
1K : . R2_OPO R1._OPO . . 2.2
e . . . . ©ubD . . 20

B B —+ V2v1 o
: oF2 > 8
_vout
- 16
VDD
L . . . . . s
+ OP1

+ 16k 48k

O, -,
- R1_OP2 R2_OP2 12

g
- Vsource . . LB . . . .
. . . . . 1.0
0.8 \K
10 20 30 40 50 0 70 80
Time/mSecs 10mSecs/div
Label Legend Curve label Name Value

[ va-n

[ Vout

Select X125 Modified NET=0 SIMetrix

X=6.3372m Y=717.558 vav1 Gr =tran2.
Welcome  Instrumentation_Amplifier wxsch® " i

¥ Simulator —~ Run Schematic =% FIRERE FO BEAT (7 5 . S5 210007 Fb th ih 2 B an & 11-4 f 5853 B
e PAREZR, WHES (L) ZRAGES () K= RFFRM.

FEREE
RN TGRS B MPLAB Mindi i E . AT E A< AVR DB OPAMP 4% &5 17 2% A GE AR i
KRN R, BARUR

© OPOZHCE L ERRMI S AR ATE Y HIVERER Vioro. BIHBEL IS [ T S BRI, s
Sk B 2 1-1 4.
© OP1IZHMBE AU RHAI S, LA ALE A ER SR 1 DAC. U FTBEIE L%
© OP2IZHCRLELIAEK 1 OPO BT HBLIA 4 (0 SKE BN o AR A, 5 OP2 5TVt B4 K . 2 S
A BT AL B A T B SR, JRUDEIE ] OP1 2, MhSkRrELARIE R 1141 it
112 B TR A PSR B (R HOK B L 75 4 .

£ 11-2. (URBOKABERZ N DAC

_ MUXPOS MUXNEG MUXBOT MUXWIP MUXTOP
0P0 ouT GND ouT

Vb2 IR #R
OP1 DAC ouT OFF WIPO OFF
OP2 LINKWIP WIP LINKOUT W+ ouT
(OPOWIP) (OP10UT)

XFFACGRIBUR &, BEANTBOK &3 BB L BELI 25 22 BR T 2K o5 77 4 e B
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&l 11-5. OPAMP.OPNRESMUX—T¢ B 1 71 B, BH I 2% 22 B FF ok

Bit 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 7:5 — MUXWIP[2:0] Multiplexer for Wiper
This bit field selects the resistor ladder wiper (potentiometer) position.

Value Name Description

0x0 WIPO R1=15R,R2=1R
0x1 WIP1 R1=14R, R2 = 2R
0x2 WIP2 R1=12R, R2 = 4R
0x3 WIP3 R1=8R, R2 =8R
0x4 WIP4 R1=6R, R2 =10R
0x5 WIP5 R1=4R, R2 =12R
0x6 WIP6 R1=2R, R2 = 14R
0x7 WIP7 R1=1R, R2 = 15R

Bits 4:2 — MUXBOT[2:0] Multiplexer for Bottom
This bit field selects the analog signal connected to the bottom resistor in the resistor ladder.

Value Name Description

0x0 OFF Multiplexer off

0x1 INP Positive input pin for OPn

0x2 INN Negative input pin for OPn

0x3 DAC DAC output (DAC and DAC output buffer must be enabled)
0x4 LINKOUT OP[n-1] output (Setting only available for OP1)(")

0x5 GND Ground

Other - Reserved

Note: When selecting LINKOUT for OP0, MUXBOT is connected to the output of OP2.

Bits 1:0 — MUXTOP[1:0] Multiplexer for Top
This bit field selects the analog signal connected to the top resistor in the resistor ladder.

Value Name Description
0x0 OFF Multiplexer off
0x1 ouT OPn output
0x2 VDD Vob

Other - Reserved

OPAMP.OPORESMUX = OPAMP OPORESMUX MUXBOT GND_gc | OPAMP OPORESMUX MUXWIP WIP2 gc |
OPAMP_OPORESMUX MUXTOP_OUT_gc;

OPAMP.OP1RESMUX = OPAMP_OPIRESMUX MUXBOT_OFF gc | OPAMP_OP1RESMUX_ MUXWIP_WIPO_gc |
OPAMP_OP1RESMUX MUXTOP_OFF_gc;

OPAMP. OP2RESMUX = OPAMP OP2RESMUX_ MUXBOT_LINKOUT gc | OPAMP_OP2RESMUX MUXWIP WIP5 gc |
OPAMP_OP2RESMUX_MUXTOP_OUT_gc;

BEANTHOR &5 10 RSN SR A AR A it . e AT SR IR 1-2 PR ke &
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& 11-6. OPAMP.OPnINMUX——FR B8y \ £ B FF %

Bit 7 6 5 4 3 2 1 0
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bits 6:4 —- MUXNEG[2:0] Multiplexer for Negative Input
This bit field selects which analog signal is connected to the inverting (-) input of OPn.

Value Name Description

0x0 INN Negative input pin for OPn

0x1 WIP Wiper from OPn'’s resistor ladder

0x2 ouT OPn output (unity gain)

0x3 DAC DAC output (DAC and DAC output buffer must be enabled)
Other - Reserved

Bits 2:0 — MUXPOS[2:0] Multiplexer for Positive Input
This bit field selects which analog signal is connected to the non-inverting (+) input of OPn.

Value Name Description

0x0 INP Positive input pin for OPn

0x1 WIP Wiper from OPn'’s resistor ladder

0x2 DAC DAC output (DAC and DAC output buffer must be enabled)

0x3 GND Ground

0x4 VDDDIV2 Vppr2

0x5 LINKOUT OPI[n-1] output (Setting only available for OP1 and OP2)

0x6 LINKWIP Wiper from OPQ'’s resistor ladder (Setting only available for OP2)
Other - Reserved

OPAMP.OPOINMUX = OPAMP OPOINMUX MUXNEG OUT gc | OPAMP OPOINMUX MUXPOS VDDDIV2 gc;
OPAMP.OP1INMUX = OPAMP OP1INMUX MUXNEG OUT gc | OPAMP OP1INMUX MUXPOS DAC gc;
OPAMP.OP2INMUX = OPAMP OP2INMUX MUXNEG WIP gc | OPAMP OP2INMUX MUXPOS LINKWIP gc;

PR HIIRAAE U0 R o«

void OPAMP_ init (void)
{

/IR E*/
OPAMP.TIMEBASE = OPAMP_TIMEBASE US;
/*ERE R RRATE R/

OPAMP. PWRCTRL = OPAMP_ PWRCTRL IRSEL FULL_gc;

/*BEE oP0 */

OPAMP.OPOCTRLA = OPAMP_OPOCTRLA OUTMODE_NORMAL gc | OPAMP_ALWAYSON bm;

OPAMP . OPOINMUX OPAMP_OPOINMUX_MUXNEG_OUT_gc | OPAMP_OPOINMUX_MUXPOS_VDDDIVZ_gc;

OPAMP.OPORESMUX = OPAMP_OPORESMUX_MUXBOT_GND_gc | OPAMP_OPORESMUX_MUXWI P_WI P2_gc |
OPAMP_OPORESMUX_MUXTOP_OUT_gc;

OPAMP.OPOSETTLE = Ox7F;

/*ERE op1*/

OPAMP.OP1CTRLA = OPAMP_OPICTRLA_OUTMODE_NORMAL_gc | OPAMP_ALWAYSON_bm;

OPAMP.OP1INMUX = OPAMP_OPlINMUX_MUXNEG_OUT_gc | OPAMP_OPlINMUX_MUXPOS_DAC_gc 8

OPAMP.OP1RESMUX = OPAMP_OP1RESMUX MUXBOT OFF gc | OPAMP_ OP1RESMUX MUXWIP_WIPO gc |
OPAMP_OP1RESMUX_MUXTOP_OFF_gc;

OPAMP.OP1SETTLE = Ox7F;

/*ECE op2*/

OPAMP .OP2CTRLA OPAMP_OPZCTRLA_OUTMODE_NORMAL_gc | OPAMP_ALWAYSON_bm;

OPAMP.OP2INMUX = OPAMP OP2INMUX MUXNEG WIP_gc | OPAMP_OP2INMUX MUXPOS_LINKWIP_ gc;

OPAMP.OP2RESMUX = OPAMP_OP2RESMUX_MUXBOT LINKOUT gc | OPAMP_OP2RESMUX MUXWIP_WIP5 gc |
OPAMP_OP2RESMUX_MUXTOP_OUT gc;

OPAMP.OP2SETTLE = Ox7F;

/*{§ifk OPAMP S} */
OPAMP.CTRLA = OPAMP_ENABLE_bm 8

/B BRRE*/
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while ((OPAMP.OPOSTATUS & OPAMP SETTLED bm) &&
(OPAMP.OP1STATUS & OPAMP SETTLED bm) &&
(OPAMP.OP2STATUS & OPAMP SETTLED bm))

}

ARSI ML R GitHub % 35 % # 1) instrumentation-amplifier ST 323K

O Vlew Code Example on GitHub
Zlick: 1 WS reposito

1.4  DIBHER‘EHE] MPLAB ##57/ EH 7%

A5 ¥4 Fl Curiosity Nano L) AVR DB {1455 = AN P2 iR R O 88 1E . TR, 3 N o i ML FE B F FE

u&ﬁuTkﬁ
¥ OPAMPO IiC & N R ERFEAS,  [FIARG T 4 AN Vpp/2
i/ F L DAC #1 TCBO F=4: 25 Hz IE5Z3, SR8 51 NC B A R ERBE 25 1) OPAMPA I [ AR %1\
¥ OPAMP2 ¥ B N Z kA%, Hrpfi N\ OPAMPO 1 OPAMP1 F % BR B #5% 1) %7

« KM K L TCB1 1 ADC %} OPAMP2 E’Jiﬁﬁtﬂi&ﬁ%ﬁé

¥ ADC 45 il DAC KFE LIEHE I Bk USART 1445 MPLAB 2077 A #1175

SN IR X REAFBCA R, PUAPTH LA B AER I/ AVR DB N

FR BN HIBITHIR, THIER 6. MPLAB £l T AL 2R BT id D BRHAE . BN AR X S0 2
instrumentation_amplifier.json, W 7E GitHub FIEEH I . K 11-7 Fros AL BoRpl.

B 11-7. SCRIBOR AR —5dF T AL Y i 42

2 tood Workspoce 1 seve Worispace | Show Graph 5] Shew Terminal

BG CMSIS-DAP
e s W showiventa R QD 9 T @
com27

Voltage Followes (OPAMP) &
@ Addpiot
@ Add Data s

TEZ M, aERR DAC HE, AiKEGK N OPAMP2 [FRFEH I (S5ACRBORA A HAEFED o i 5P E%
PO RIS, TR B A5 S OBOR T 3 %, RIS NG 5 5 5 5 5 R T R A
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12.  ZEHER
A A TR IR R R TAEBGCTE M TR E L2 E R, 85 iR LR .
AVR DB 7= i1 : - www.microchip.com/wwwproducts/en/AVR128DB48
AVR DB Curiosity Nano: www.microchip.com/DevelopmentTools/ProductDetails/PartNO/EV35L43A
MPLAB Mindi #5115 B 8% 7= M T : - www.microchip.com/mplab/mplab-mindi
MPLAB Mindi ffL {5 E#$ A17:  www.microchip.com/DS50002564

MPLAB #{ ¥z nT #14k. 2% Standalone (Windows fix) : gallery.microchip.com/packages/MPLAB-Data-Visualizer-
Standalone(Windows)/

6. MPLAB ¥4l AL B8 34 F P #6/:  www.microchip.com/DS50003001

IR
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