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Smart Analog Combo (SAC) peripheral introduction
Overview

« What is Smart Analog Combo?

— The smart analog combo (SAC) provides configurable signal chain elements for the
sensing and measurement market. Customers can flexibly configure the op-amp or
PGA of a signal amplifier or 12-bit DAC for internal IPs and external voltage

references.
* What is the benefit?
— Flexibility
» Configurable input and output paths with internal peripherals

» Adaptable analog conditioning circuit
« Programmable configuration
— Economics
* Optimized bill-of-materials cost
» Few to no external components required
« Smaller printed circuit board (PCB) outline
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Smart Analog Combo (SAC) peripheral introduction
Block diagram
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MSP430™ MCUs Smart Analog Combo
(SAC)

Smart Analog Combo (SAC) operation
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Smart Analog Combo (SAC) operation
Control Registers & one

To other peripherals
reference B oAxs
[
PSEL 1 PMUXEN OAEN OAPM
See details in the section -

of SAC DAC
Register Bits 2
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SACXPGA i MSEL !
1 | ®
SACXPGA | GAIN 1 o
e ; *
1 Inverting Amplifying (00) o
SACXOA : NSEL : N @] LI‘EE:‘INMU)(EN
=_ _________ .= Follower (01) »—O) I._""_I
1 o O I A I
1 Noninverting —
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Smart Analog Combo (SAC) operation
General-Purpose mode

] oax-

B oax+

LP-SE'J PMUXEN OAEN OAPM
Register Bits Value n

SACxPGA MSEL -

X 0AxO

SACxPGA GAIN - .

P 1
SACXOA | NSEL i 00

I_ ______ Inverting Amplifying tDG}O '-NS-EL-j NMUXEN
SACxOA | PSEL i 00,10 @) X0 1y

L —————— —I Non_in\_aerting - i_ — _!

Ampﬂyngtlﬂlrol ? —
Output (11) a

General-purpose OA sourced by external pin or cascaded OA
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Smart Analog Combo (SAC) operation
Buffer mode

< onx-
& oax+
L-PS-EL-I PMUXEN OAEN OAPM
:
SACXPGA | MSEL | 01 % .
o o o e o o o e o]
| |
SACxPGA | GAIN | - °
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:"""'"""1 Inverting Amplifying (00) L =l en
SACXOA . PSEL IOO, 01’ 10 Follower (01) 9 y_ ==
oo : T N
Ampiying 'ﬂ%fO . L=
Outpu (1)

I_MSEL 1 GAN

Buffer output of external pin, DAC, or paired OA output
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Smart Analog Combo (SAC) operation

Noninverting PGA mode o ome
<] OAx+
L?E-EL-‘I PMUXEN OAEN OAPM
T W
m—————— > DAC .
SACXPGA! MSEL | 10
SACXPGA | GAIN ! 000-111 ?
F-------I [ B 4
SACXOA : NSEL : 01 Inverting Amplifying (00) O ':S-EL-I NMUXEN
k-------l Follower (01) S¢—() r—"— ==
SACXOA | PSEL | 00,10 o ||
b . Arr‘lncg:ilfr;(\ifne grt I(n1%) L~
outmat 1)
u_ o
LWSEC ] LoAN )

Noninverting PGA amplifier mode
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Smart Analog Combo (SAC) operation

Inverting PGA mode

<] 0Ax
B oax
LPEEL 1 PMUXEN OAEN OAPM
Register Bits Value Reforencs
DAC
®
! 1
SACxOA : NSEL : 01 Inverting Amplifying (00) L. LES-EL-‘I NMUXEN
rmm“} Follower (01) ><—) r —| -
SACXOA | PSEL i 00,01 ]
e s s Noninverting g
Amplifying (10)
fol[ o T
- Paired OA
Output (11) i
rREl raw)

Inverting PGA amplifier mode
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Smart Analog Combo (SAC) operation

DAC mode

Reference

f=——
PSEL I pMUXEN

-
1

T

=
NSEL} NMUXEN

OAEN OAPM

SACXPGA MSEL ; 01
H------.I ®
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h------.:
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s v, 0 Lo
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- L.
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DAC mode
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Smart Analog Combo (SAC) operation
Cascaded noninverting mode

B oaz-
] oao-
(] oaz2+
] oao+
PSEL  PMUXEN OAEN OAPM
PSEL PMUXEN OAEN OAPM =10 =1 =4 =i
=1 =1
T 12 bit
. B Referenoe
12-hit
Reference DAC
DAC —, OADO
—>1 o
®
® »
>
ﬁJ
I Inverting Amplifying (00
_ nverting Amplifying (00) NSEL  NMUXEN
Inverting Amplifying (00) O NSOE1L NMUXEN Follower (01) Y—() : - =0 =1
Follower (01) 3—() r —"—I - e I \
O | Ay I Noninverting [
Noninverting L__ . Amplifying (10)
Amplifying (10)
Paired DA
Paired OA Output (1
Output (1)
| MSEL GAIN
MSEL GAIN =10

=10

Two cascaded noninverting amplifiers
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Smart Analog Combo (SAC) operation
Cascaded inverting mode

& onx- B oax-
B Ofus 5 oAx+
PSEL PMUXEN OAEN OAPM
12-bit 12-bit
Referance Refarance
DAC DAC
® ¢
Irverting Amplifying (00) NSEL  NMUXEN Inverting Amplifying (00) O NSEL  NMUXEM
Follower (01) Y—() I r_"_l Follower (01) %—(O) r —"—l
| AN o I AW
Moninverting | Noninverting [
Amplifying (10) L_O - Amplifying (10) ’__O T
— O — >
- Paired OA - Paired OA
Qutput (11) Qutput (11)
| ]
MSEL GAIN MSEL GAIN

Two cascaded inverting amplifiers
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MSP430™ MCUs Smart Analog Combo
(SAC)

SAC-L3 applications
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SAC-L3 applications

Smoke detector DC measurement

Features

* 1x SAC-L3 for TIA

* 1x SAC-L3 for Inverting PGA with DAC
bias mode .

R

[/
leakage,
leakage,

12/10-bit
ADC

1 l SAC L-3

On-chip temperature sensor Inverting amplifying
. . —_——— e T -

compensation for photodiode

temperature drift
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SAC-L3 applications

Smoke detector AC measurement

,/( * | | Excited pulse at

Feat ures fransmitter
* 1x SAC-L3 for Inverting PGA with DAC T l_ _Sa;p;g_ B
bias mode A TNoint
* 1x SAC-L3 for Non-inverting PGA mode A—————— N N

DC blocking

SAC L-3 II SAC L-3
Invemng ampmymg " Non-inverting ampfnj/rng
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SAC-L3 applications

Dual-ray AC-coupling smoke detector

Features

* 1x SAC-L3 for Inverting PGA /
with DAC bias mode

* 1x SAC-L3 for Inverting PGA
with DAC bias mode

* 1x SAC-L3 for DAC buffer mode

* 1x SAC-L3 for DAC buffer mode

* Red and blue dual-ray
configuration for different size
smoke particles

12/10-bit
ADC

]
1
:u.'\)f Red or Blue
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SAC-L3 applications
Gas or PM2.5 detector

Features

* 1x SAC-L3 for TIA with DAC bias mode

* 1x SAC-L3 for Inverting PGA with DAC
bias mode I

SAC-L3
Inverting amplifying

| SAC-L3
| GP Mode
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SAC-L3 applications

Audio application

Features
* 1x SAC-L3 for DAC buffer mode for audio

Audio
Output

Bandpass
Filter

I
|
I
I

| sac-L3
| DAC12 for Audio
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SAC-L3 applications
Blood glucose meter

Features

* 1x SAC-L3 for TIA configuration

* 1x SAC-L3 for Inverting PGA with DAC bias mode
* 1x SAC-L3 for DAC buffer mode for audio

1 L
SAC1 : © AudioAMP  Speaker

i DAC output Configuration

&0

MSP430FR2355

VBIAS Setti ng
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SAC-L3 applications
Current-loop transmitter

Features
* 1x SAC-L3 for DAC buffer mode

* 1x SAC-L3 for Non-Inverting OA mode to drive BJT

» Learn more from 4- to 20-mA loop-powered resistance temperature

detector (RTD) temperature transmitter reference design (TIDM-01000)

I
I
|
I
I
I
I
I

ANV

A4

——0O Loop+

v

| SAC-L3
| OA mode Current
N J Loop
—A\N—
O Loop-
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MSP430™ MCUs Smart Analog Combo
(SAC)

Smart Analog Combo (SAC) SPICE model and simulation
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Smart Analog Combo (SAC) SPICE model and simulation
TINA-TI

» TINA-TI provides all of the conventional DC, transient, and frequency domain
analysis of SPICE and much more.

— http://www.ti.com/tool/tina-ti

3 Noname - Schematic Editor

{f} TEXAS INSTRUMENTS Everything ~ | Searct Q Fle Edt Insert View Analysis T8M Tools Help

Products  Applications & designs ~ Tools & software  Support &training  Order Now  AboutTI D My ﬁ‘ Elbﬂ' J&l‘IT & |.ﬁ |T|%| \‘L | | ’— 2:.] pes :]' .w E}J e j’
%S| B| B | K|~ [z [ge[ve[-~[s]+] | [ | |

ters ASources A Semicor tors ASpice Macios
SPICE-Based Analog Simulation Program ‘ il

[+

Top row (Menus):

(ACTIVE) TINA-TI Commands associated with files, types of analysis,

test and measurement options, and help.
o . - Second row (Icons): =
[ pescription & Features Technical Documents E Support & Training Order No File operations, text, hide and wiring
feature selection, etc.
Order Now Third and fourth rows (Icons and Tabs):
Third row icons select component type;
fourth row tabs select component group.
Part Number Buy from Texas Instruments or Third Party AlertMe  Status CurrentVersion  Version Date 0%
Free ACTIVE v9.3.150.328SF-TI 07Feb2017 W
TINA-TIENGLISH: s o N

Analog SPICE-Based Simulation Program

TINA-TI_RUSSIAN free ACTIVE v9.3.150.328SF-TI 07 Feb2017 Wi CIrCUIt Workspace
SPICE-Based Analog Simulation Program

Free ACTIVE v9.3.150.328SF-TI 07 Feb2017 Wi 4 » I
TINA-TI_TRA_CHINESE | I _I l

Noname

Getting Started with TINA-TI: A Quick Start Guide (Rev. A)
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Smart Analog Combo (SAC) SPICE model and simulation
Get the models

« MSP430FR2311->Tools & software->Models

— MSP430FR2311 TINA-TI Reference Design
— MSP430FR2311 TINA-TI SPICE Model

Tl Home > Semiconductors licrocontrollers (MCU VISP430 Ultra-Low-Power MCUs

MSP430FR2311 ctve

16 MHz Ultra-Low-Power Microcontroller - 4 KB FRAM, 1 KB SRAM, 16 10, 8ch 10-bit ADC, OpAmp, TIA Device SPICE Model

DATASHEET ERRATA

MSP430FR231x Mixed-Signal Microcontrollers datasheet (Rev. C) MSP430FR2311 Device Erratasheet (Rev. K) W

Z] View now Download MSP43OFR2311 TINA-TI SPICE MOde|
USER GUIDES

MSP430FR4xx and MSP430FR2xx Family User's Guide (Rev. H) MSP43OFR2355 Coming soon

‘ Description & parametrics ‘ Technical documents LR GVETS l ™ Order Now l Compare l Quiality & packaging l Support & training

Design kits & evaluation modules | Tl Designs & reference dekigns | Software | Developmenttools | Models
Models (2)
Title -~ Category 4+ Type # Size (KB) ¢ Date 4 Views ¢
MSP430FR2311 TINA-TI Reference Design  TINA-TI ReferencagDesign  TSC 567 KB 11Jun 2018 5 views slam331.isc
| MSP430FR2311 TINA-TI Spice Model TINA-TI Spice Madel ZIP 6 KB 11Jun 2018 5 views |:| MSP430FR2311_SACTSM
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Smart Analog Combo (SAC) SPICE model and simulation
Start the simulation

1. Insertthe MSP430FR2311 SAC macro into your circuit workspace
* Insert > Macro... > MSP430FR2311_SAC.TSM

2. Add other passive components from the tool tab of TINA-TI to
complete your circuit

3. Simulate circuit

Analysis > Transient, AC Analysis,
DC Analysis

{1 Noname - TR resultl

File Edit View Process Help

ela| &l alsl |7l
3.00+

U2 MSP430FR2311 SAG
[5] =z
Ok

Q w
= =
0—.«
ose MSPE@}@FR%%_S&C‘,"
[m]

f

2.00

Output

1.00

Q.00

T T T T T
0.00 25.00m 50.00m

T T 1
75.00m 100.00m
Time (5)

TR result!
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Smart Analog Combo (SAC) SPICE model and simulation
AC Simulation

Analysis > AC Analysis > AC
Transfer Characteristic

1 Noname - AC Amplil =B X T
File Edit View Process Help V133=
% I e FREH I
=8 b GQHT & T 5 5= O‘Rﬂf U1 MSP430FR2311 SAG
L8] =
10.00— B OAx- 2 9 5 Vout
i Sy R1159% one  MSP3gFR23T1_SAC'
] l 5
0.00 4
B ] VG s _L
g ] 15 |
= -10.004 L L
© ] A
& x [997.86 vl
-20.00-]
30,00 —_1 _ 1 —1kHz
1 10 100 1k 10k c 2mRC  2m(1.59k)(100m)
Frequency (Hz) T T[( ) )( TL)
AC Arnplit
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Smart Analog Combo (SAC) SPICE model and simulation
DC Simulation

Analysis > DC Analysis > DC
Transfer Characteristic

(= Noname - DC resultl

File Edit View Process Help

o B&lals

4.00—,

Cutput

3.00
200 _//

1.00 . | :
1.00 1.10

DC result]

T T T T T T
1.20 1.30 1.40 1.50
Input voltage (V)

R2 20k

1

V133=
+

OAx-

DA+

U1 MSP430FR2311 SAG
=

[&]
= Yout

L
= =
MSP23gFR2371_SAC®
=
[

T

20k

Galn—1+——1+——2

20k
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