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MSP430 is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

fagfr

BRI A AT LUK ISt b O B oS S . ARSI S 5B BA BN R AR, A
DA AT TOCRIEN, o 18 O 22 T ORI e e 545 5 TAEME B M. A5 R )G, ff
FARAUEE 2% (ADC) KIS 5 3 3o 715 5 DAL AL BT 85 slds il 85 1B 4743 M. MSP430 MCU A1E 545 7T
PR v P SR AR RO, F T RN & i . 7F MSP430FR23xx %51 MCU o, R & REALUI 2
G EE N E RN, AR RIS HBOREE . — M EIA 33 1 PGA fll—A> 12
DB L% . B REBIAH A 7E — YU A FARAE R IEMEIAC S, 1450 BOM AR PCB R~F. b
A5 TS T a0 MSP430 MCU H IR eI & . RS NA T TIEREE, TR, WERiEs. &
T ROM HISRENFEFPIE . BEiHiAE 2 S IR S 1

FREP A A

B ARG AN AT g AR 25 UK 28 (PGA) Al—AN 12 AL B #6He2% (DAC). 1% E AT F T4 A\ %
BHRES AT AR R E PR . AR A =ZMA R E S : SAC-L1. SAC-L2 fl
SAC-L3.

o SAC-L1 Zi/NIhRESE, NER TIBHBUKES.

o SAC-L2 R BRI S i FEBEAS, PRI 35 Ei& 33 7 PGA.

+ SAC-L3 B KINGESE, £T SAC-L2 PGA 1 12 {iz DAC.

AFEH MSP430 MCU BB ANA R GEHH S B H . Blin, MSP430FR2311 £/ T —4~ SAC-L1 #i
e, 1M MSP430FR2355 ££1% T P04~ SAC-L3 #ith, Hx4rE MCU LB A GBS A MEE, 3§
2[R S R R

Kl 1 BIR T SAC-L3 HEHMHERE] . ZAERGBOR2 SR B U AR R U . IS P 22 8% L FH 28 S Hr
IBHBCKH (OA) IZMRNGERE . BHBCKBIRBR (OAPM) %51 A1 T8 OA ThR B, fERmIE
BT, OA FRALTE w38 25 15 Ve AR IR R . QI SRAE R BRI AR E N 2, H il OAPM & E N 1
KIEFE OA MRINZEMIA . S5t L FHAR K OA Hir i 5 S NAHIEAE N [ ISt 26 . Bl R ik 2k, OA SCFFIRAH
PGA #AF[FAH PGA #x(. SAC-L3 it T 12 £ DAC. % DAC "] H1 T4 OA F=Afw & H 1k,
HE TS OA —itH T IRshIER ERIsIEHt .
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X oAx-
To other peripherals
reference D OAx+
PSEL PMUXEN OAEN OAPM
See details in the section
of SAC DAC
—0
Reference 01 O

—»1 X OAxO

01 O
o l

NSEL NMUXEN

Inverting Amplifying (00)

Follower (01) >X—O r —
|

|
O |
Noninverting
Amplifying (10) O L '|_ -
O ®

= Paired OA
Output (11)

MSEL GAIN

From paired
SAC output

Bl 1. B AR A HE ]

12 HHEPFIEASEHERFHI

H T BEAAZH A (SAC) & MSP430 MCU H A& 2 —, Atk SAC HH MSP430 MCU _E 1 H i 5] JE
fite, fEREN OA K BRI, BA 2V & 3.6V AT I HEVEE .. OA i N LA etk . XH I
OA MBS & IHER 5, RN OA Ha N AN vty UL FEL IR IE 5 B2 () o0 i A M . B )R OA 0T LU BUHRL IR
OA 52—, PN YR OA Ml T BEREMIL M ME . OA fir NNt i U Z07E A sEYREL Y o
SAC AR ARG . 2 SAC AT RAHBOREE AR, TEH N Ui e 06 T 388 G il R B K
2o B 2 BoR TERMBT TAER R B IFEBOCES A RS o Veee MEBHS RS T A mE B L, 1H7
AN EEMEN SAC DAC12 1T HRAMT B HEFR B/ R8s . (58 SAC JUHBHER, K 2 H g —
SAC RIASEHL, T AT fal AR A o
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1.3

VREF v

VIN NV

RF

K 2. B RO AR

2 SAC 4T FMBCR S, RSG5 M ER 2 ER/ADN, MAVFBCNER BRI &, R
NG SO E AR BCR K B B H AR RN, WBCRBUN S B e ol (EAE ] Rt 2t O E
M B PEUSCRER R F . AR5 R A\ S 484 000 5 7T DO I P (IR A N F ROR A X — 1), 18] 3 R
TAE R R AR (0 S A SRR A A M R LB . 5 OO 25 F SR AL, [RIARTBOR &% th ] LA SAC 5k
B, TEwANEALE. ARZAAETRENA SAC BBk, Ky DAC N EIER S| OA By AN, 15—
SAC TLAEfE DAC HL3 T LU A OA fikan A ™ A= (i B HL T o A7 9% B L IRUBOK 23 1 S8 2 VRS BB HE &
HI, WS RIS RO BT

e

RG

VouTt

Bl 3. H ALY R AR EOK 2%

B BERR I B IR SRR 7

FH MSP430 FRAM MCU Y37 —ANIREIFE R (DriverLib) LLFES B 7P insk [ 4E 7 &% . MSPA30 IXEIFE
FP IR —A G TR I s R R ez 11, @ AR ISR AL R A R B0 A, LR P 5E 4 MSP430
T 27 A7 2R LRI 23T o 1K B 1 P sk = ST TE), Tt 5 22 1) () F F 32847 MSP430 MCU [FIAH S A1 .
F % MSP430 MCU (11 MSP430FR2355) i3 — Mg &4 M7t ROM ffifids o i 58 B AN B IR Zh RE FP R o T
RNAE LR T ROM [WIKSIFEF FE3RAG 5 2 4 kb, EHETE S /1) CPU MR ATR R HUT B 1] ROM,
FHONHAD N FHFEFAUSHTE FRAM 23]

SAC A 20 A~ APl AT H . 1X48 API BT H T#)4610k SAC. J3H SAC. %A SAC. &
SAC TAE#i. BLE DAC. 1%+ DAC B, EHIHEHAEE. B4 APl B E T it A w8
PISCRY TR . T FRAM [WIRBIFE T PE S 58 PR, TUAFE B R R T %2 TR AR S I
RN G AT LG K SR BN Sk S in 20 F 30 H o 8 1 2 JE MRSk V7 A1 5 T ROM 19 AP, LR 4R 25
YLEH T anfts SAC HIREhFRF LG . A% SAC APl REIMEZEE, S (EH T
MSP430FR2xx_4xx #5117 MSP430 DriverLib /HF#68) -
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13 TEXAS

INSTRUMENTS
www.ti.com.cn FRER L & LA
2 BRI A T AR
2.1 JEME

4 R T SAC BRI E. FFILHEAT, OAx+ fl OAx- B EHE SN, WA 4 i aid
BIREYFN, AMEH N E DAC IR . 768 BN SAC WA RS, &5 M Bz
FORERAHE . ATLAMEH SAC FIAMH A RS AA R I RS, WRAHRURES . [FAHBORES . JEBas, %
S o B DA N BN R I LA o AN AR R T T BRSNS ISOR A B O B I8 AR K
MEER SAC RJTH. SAMBBCRARM L, SAC 7E A A [F] H B 2824 (1) [ i v] LA4E sk BOM B AR PCB R
~fo 24 SAC AR, WTLLEIE MSP430 MCU H i il %5 47 85 ROk A5, ik 248 B 1. SAC-L1
IS FEB AR, AN DAC H b B BHER «

X oAx-
X oAx+
PSEL PMUXEN OAEN OAPM
+
OA OAXO

01
@ >

Inverting Amplifying (00
g Ampiiying { )O NSEL  NMUXEN

Follower (01) X—O

.-

r
L —

O
Ny
Noninverting
Amplifying (10) O '|_
— O

- Paired OA

Output (11)
MSEL GAIN

K 4. B RERLILZE &l P AR X

B SAC BLE NIEH L, WAIE SAC OA 51| %7 /7 % SACXOA H1i%#E SACEN. OAEN. PMUXEN 1
NMUXEN fi7.. PSEL 1 NSEL 1 th47 T SACXOA ZFfiasrh, BRNER T, B E NIRRT G E R
OA #ifii Niiij. OAPM A7 T3 45 iy il B AR 2o v A o ) S 3 B s PO 38 2 s B AR #B 26, (HARAN R ThdE
HiE. Example 1 Zor T HIRSIFEFE AP BRE0 SAC Bid B il Fl (i — ML 81 . D AUERE B
SAC iz Bk #E 5 IhREE N SAC Thag, (HUbRBRIS AR & 5 D) ae R E . AF MSP430 MCU A
BARMGIHE X BRENER, BESREIER .
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Example 1. #FEHMIA G 18 AR iS5

//Select external source for both positive and negative inputs

SAC_OA_init(SAC@® _BASE, SAC_OA POSITIVE INPUT SOURCE_EXTERNAL,
SAC_OA_NEGATIVE_INPUT_SOURCE_EXTERNAL);

//Select low speed and low power mode

SAC_OA_selectPowerMode(SACO BASE, SAC_OA POWER MODE_LOW SPEED_LOW_POWER);

// Enable OA

SAC_OA_enable (SACO_BASE);

// Enable SAC

SAC_enable(SACO_BASE);

6 Lufa {EH MSP430™ MCU 7 G & BEFEI2H & ZHCA931—May 2018
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www.ti.com.cn FIRER P & T AER
2.2 M

5 R T SAC i, ZZpp Rt AR, WA RIRBERS . F K PR AE A% H A T A v BE T VT AL i)
A, PR IR R, N O R L S v D AR R R S

WK 5 e B BoRER 0 R, (55K E EiG I, ShERIEREE SAC Z P iU R OA. OA %
Uit S5 PEASRE S, H PGA MSEL B NEZIRA . OA B LU H B4R 5] B sk o 55 HH 2 FE XS i OA. B
SAC P E A, NSEL fLA40%E#: PGA IRAE N4 (NSEL = 01b), H MSEL fi7 2 FUdk 2%
3 (MSEL = 01b). Example 2 &/r T IKFEFE AP pRECH SAC B 8 N =l — MRS 41 .

X oAx-

X oAx+

PSEL  PMUXEN OAEN OAPM

Reference

Inverting Amplifying (00)
@]

Follower (01) r
{
Noninverting L )
Amplifying (10) O
— O
- Paired OA
Output (11)
MSEL GAIN

K 5. B BRI S

NSEL NMUXEN

Example 2. #EEHRA & Z IS n B

//Select external source for positive input and PGA source for negative input

SAC_OA_init(SAC® BASE, SAC_OA POSITIVE INPUT SOURCE_EXTERNAL,
SAC_OA_NEGATIVE_INPUT_SOURCE_PGA);

//Select Buffer Mode

SAC_PGA_setMode(SACO BASE, SAC_PGA_MODE_BUFFER);

//Enable OA

SAC_OA_enable(SACO_BASE);

//Enable SAC

SAC_enable(SAC@_BASE);

ZHCA931—May 2018 i {E ] MSP430™ MCU 79 & BRI 2H &
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2.3

[F#H PGA ##=

K 6 f7s T SAC [MAAH PGA B, FEXMET, JEHR MBS S o 26 T A SLVF fL R #
VETBORAARA o BB A T C B R LS W TBOR A58 2, B/ ANt M 1x 21 33x, A 8 Bl AS[A] I 2
BH.

X OAx-

X OAx+

PSEL PMUXEN OAEN OAPM

Reference

Inverting Amplifying (00)

J NSEL NMUXEN
Follower (01) X—O
’\/\/
Noninverting
Amplifying (10) O '|_

©,

Palred OA
Output (11)

MSEL GAIN

6. BRI S A PGA

WA 6 LR R R, M IESE 1 OAx+ BLECAT OA JEEE SN . OA i [k £
PGA #i X\ (NSEL = 01b), H PGA MSEL ¥ & A4t (MSEL = 10b). SAC #4251 SACXPGA 5l %5 17 7%
) GAIN AL EATHCE . Example 3 Bor T HIRSIFET E API BECH: SAC FLE A FIAH PGA B —4
RIGFH

Example 3. #EERAA A A PGA # A7 B

//Select external source for positive input and PGA source for negative input

SAC_OA_init(SAC@ BASE, SAC_OA POSITIVE INPUT SOURCE_EXTERNAL,
SAC_OA_NEGATIVE_INPUT_SOURCE_PGA);

//Select Non-inverting PGA Mode

SAC_PGA_setMode (SAC8_BASE, SAC_PGA_MODE_NONINVERTING);

//Set Non-inverting PGA gain = 3

SAC_PGA_setGain(SACO BASE, SAC_PGA_GAIN BIT1);

//Enable OA

SAC_OA_enable(SACO_BASE);

//Enable SAC

SAC_enable(SAC@_BASE);

8
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www.ti.com.cn HBEIAI L A T AERE

2.4 I PGA fEx(

7 BR T SAC A PGA #x. fEIXMIEAT, mIBUEE AR 5. T EMH SAC HIE AR vF
i, [t SAC Al PGA B M ATHAT (W E . i Fo kW] th A HLER By #8 12 £ DAC 77/, |8 7
ML 5 R B 7y s 1 PR DAC £E OA I A A (i L P I (Il SO0 T, B LT 2

R RR T —2F . B SRR ARSI OAX- BLA LA ) OA.

X oAx-

Xl oAx+

PSEL PMUXEN OAEN OAPM

Reference

Inverting Amplifying (00) C

Follower (01) X—O r——
O VAV
Noninverting

inv L_Q L -2
Amplifying (10)
O

= Paired OA
Output (11)

MSEL GAIN

K 7. BRI & i PGA st

A

NSEL NMUXEN

NTH SAC FLE N AH PGA 13, PGA MSEL %+ OAx- (MSEL = 00b) skAix} ) OA (MSEL = 11b) {E
YR, H OA g A2 FF PGA i\ (NSEL = 01b). OA 1E 1A \AMEE5] B OAx+ 8% 12 fi2 DAC
. SAC a5 SACXPGA il 2 /7 2% H 11 GAIN 747 HCE . Example 4 &R T HIKSIFE T API
BRECK SAC B N A PGA U — ML 51
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Example 4. FREHMAE KM PGA XA 4]

//Select VCC as DAC reference voltage

SAC_DAC_selectRefVoltage(SACO_BASE, SAC_DAC_PRIMARY_REFERENCE);

//Select load trigger for DAC latch. DAC latch loads when DACDAT written

SAC_DAC_selectLoad(SACO®_BASE, SAC_DAC_LOAD DACDAT_WRITTEN);

//Set 1/2 VCC as DAC output voltage, Vout = Vref * DACDAT / 4096

SAC_DAC_setData(SACO_BASE, 2048);

//Enable DAC

SAC_DAC_enable(SAC@_BASE);

//Select internal DAC for positive input and PGA source for negative input

SAC_OA_init(SAC@_BASE, SAC_OA POSITIVE_INPUT_SOURCE_DAC,
SAC_OA_NEGATIVE_INPUT SOURCE_PGA);

//Select Inverting PGA Mode

SAC_PGA_setMode (SAC@_BASE, SAC_PGA_MODE_INVERTING);

//Set Inverting PGA gain = 2

SAC_PGA_setGain(SAC@_BASE, SAC_PGA_GAIN_BIT1);

//Enable OA

SAC_OA_enable(SACO_BASE);

//Enable SAC

SAC_enable (SACG_BASE);

10
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WwWw.ti.com.cn FIRER P & T AER
2.5 DAC #z{
SAC-L3 & —4 12 {iz DAC. % DAC nJFIfEH#ERE, a5 OA A1 PGA — it T BB IRsh i H IR 4L
] DAC 4= HifE 5 35 Ik sh Hott s B 1), 42000 OA it B N LU Sk shat g . 8] 8 4Ry B

AR ER T SAC DAC B, LI, AR 5 12 £ DAC AN E OA, Ji# PGA MSEL W H

X oAx-

X oax+

PSEL PMUXEN OAEN OAPM

Reference

Follower (01) %
Noninverting
Amplifying (10) O
— O
- Paired OA
Output (11)
MSEL GAIN

K 8. BEEMMIH S DAC

Inverting Amplifying (00)
O NSEL NMUXEN
=
| A
L T 4

Example 5 &R T{EFAIKSIFE T E AP 5 SAC BlE N DAC B AMMRAGP 5. EIARES, P

JLEILHERG I DAC S, DAC MRATETHI 24t TB2.1 ) LTS DACDAT In##idE. 24 DACIE B
Ay, DAC BEHATBAF= A4 rhillr, & E ) DACIFG fiik~ DAC C#iEdkE Mlr#i#s . DACSREF {7k

AMEEE T8 R 51 . MSP430FR2355 MCU SRR #i L 2B UERN Vo 1EN DAC JEifE. DAC Hn#iidi )

fil R A TR R T ae R, SRR BoR—FIECE, FH P e LUE e API S ECKRE L E . Example 5
7R SAC B BL B AR . 228 SAC 7 DAC BN TAE, A IEMNZE S HARAHOCH T, NIt E
FEERE . Timer B2 #E LUK AR 25 B R
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Example 5. #FEMAIZH A DAC #XHIA SR 5]

//Select internal shared reference as DAC reference voltage

SAC_DAC_selectRefVoltage(SAC@_BASE, SAC_DAC_SECONDARY_REFERENCE);

//Select the load trigger for DAC data latch

//DAC always loads data from DACDAT at the positive edge of Timer output TB2.1

SAC_DAC_selectLoad(SAC®_BASE, SAC_DAC_LOAD_DEVICE_SPECIFIC_8);

//Enable DAC Interrupt

SAC_DAC_interruptEnable(SAC@_BASE);

//Write data to DAC Data Register SACxDAT

//DAC_data is an unsigned int type variable defined by user

SAC_DAC_setData(SAC@_BASE, DAC_data);

//Enable DAC

SAC_DAC_enable(SAC8_BASE);

//Select internal DAC for positive input and PGA source for negative input

SAC_OA_init(SAC@_BASE, SAC_OA_POSITIVE_INPUT_SOURCE_DAC,
SAC_OA_NEGATIVE_INPUT_SOURCE_PGA);

//Select Buffer Mode

SAC_PGA_setMode (SACO_BASE, SAC_PGA_MODE_BUFFER);

//Enable OA

SAC_OA_enable(SAC@_BASE);

//Enable SAC

SAC_enable(SAC@_BASE);

12
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3.1

BRRMA S ERE

EREFAILH B TR

PR OB E R E 4, FEA—ANEBP AR, 1B, EMEARFRIIEE. BABORETCIE S £ A
3K, R FEEE 2 AE ORI . PRGBSO A8 1 — > S 2 A9 2 36 — UK 28 180 B R s M 28 UK 48
B GRORERR B NG s o X AT 20, T LS R S R A DK B R . MSP430FR2355 Jdid R
T HE T AR T PYAS SAC #itk (SACO. SAC1. SAC2 #l SAC3) . SACO 5 SAC2 Fixf, 1 SAC1
L SAC3 X, SACO % th i 4% 5] SAC2 IEF i N SAC2 it i #2 2) SACO IEFH F 4 N i o
SAC1 Fl SAC3 HIHZEZLT SACO f1 SAC2 HHZE. JEit MSP430 MCU N &Rz, 2L SAC Fith
DAL E N 2 P AR, IF HIE nT faifk AR A )R

K9 TR T — M-S WA FELFA B . 55— OA 1 [ElAH % i 78 P S 82 2155 — /> OA HIFIAH
RSN, 75RO IR OA i th o/ IE % A\ i (PSEL = 10b).

X oa2-
X ono-
X op2+
X ono+
PSEL  PMUXEN OAEN  OAPM
PSEL  PMUXEN OAEN OAPM =10 =1 =1 =
=00 =1 =1 =1
N 12-bit
20 Reference
eference
DAC 0A00 p—X oa20
>
L plos | ¢ N p
>
Inverting Amplifying (00) |y NSEL  NMUXEN
Inverting Amplifying (00) NSEL  NMUXEN Follower (01) v_ =01 =1
=01 =1 *x—0 r |
Fuwerow)H = 1A
|
L e (fo/o Lra
nnnnnnnnn o
AmpHy g 10 — >
aire
Soired OA Output (11)
Output (11)
MSEL GAIN
GAIN =10
0éb N Pas g o
B 9. R BN & ZBoR B 1
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Kl 10 7R 1 SAC ZIR] 1 KRt HIE 1 258 — 2 SAC RIS 5. EIE 2 /25— SAC

s . JHIE 3 25 4 SAC M. W& 10 Fros, BAE SETRAAITEOL N BRI, 56— 01
RS HOR 3 5%, 3 “JUIRARE 50K 2 1. B 6.
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