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An outline of this session

* Provides hands on experience of setting up the
MSP430’s built in op-amp modules

* Look at the construction of the op-amp module, and

the topologies it can offer
* [nverting mode, non inverting mode etc

 Experiment with the different op-amp topologies

= A software signhal generator is provided, to simulate the amplifiers
» PC oscilloscope program is provided to observe the output
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Current devices with op-amps

 FG43x

= Three op-amps
= Rail-to-rail input capability

 FG461x

= Three op-amps
= Rail-to-rail input capability

* F22x4

= TwO op-amps
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Key op-amp features

 Three independent op-amps on-chip

» Selectable GBW product
» 500kHz, 1.4MHz, or 2.2MHz
» The 500kHz GBW mode takes ~50uA

* Class AB output for mA range drive

 Integrated charge pump for rail-to-rail input range &
superior offset behavior (FG only)

» User-configurable feedback and interconnect

» Most designs need no external passive components
» |nternal connections to the ADC and DAC
= Saves pins
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Amplifier performance

Amplifier Speed Setting slow medium fast
Technology 0.35 um CMOS

min. Supply Voltage 22V

DC gain >100 dB

GBW @ 50 pF load 500 kHz 1.4 MHz 2.2 MHz
Phase margin @ 50 pF load >=60°

Slew Rate 0.5 Vius 1.2 V/us 2 V/us
Current consumption @ Charge Pump off 42 pA 110 A 190 pA
Current consumption @ Charge Pump on 90 A 200 pA 320 pA
CMRR ~ 80 dB

PSRR ~ 80 dB

Offset voltage +/-1 mV

Input voltage noise (white noise) 60 35 28
[nV/sqgrt(Hz)]

Input voltage noise @ 1 kHz [nV/sqrt(Hz)] 75 55 45
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Internal structure of each op-am

) AxIN \I Ai/xnc12
* Flexible feedback P
network NOP . » OAXOUT
INTIP — . AXapci2
e Internal R ladder ::i.':: ; N
* Internally chainable : rOAv:somM
e Internal ADC and DAC :m—\
connections 2N
INAN p
INSN
F/

[y, (W [ 1 ™
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General purpose op-amp

OAADCO
Az ext O\I _
y » Az int
OAP_x
OAXxI0 o
X OAPM_x
OAxXI1 1 + I » A(2x+1) int+ext
DAC12_00UT 2 OAx A
DAC12_10UT 3 -
_ 3
OARRIP /
OAN x All input features
OAXxI0 0\ attached to this pin are
OAxI1 1 available. E.g. the amp
DAC12 00UT 2 output can generate a
DAC12 10UT : OAFECx=0 port pin interrupt or a
- |~ timer event.

OAOCTL1 |= OAFC O:
OAOCTLO |= OAP_1 | OAN O | OAPM 3;:
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TESt Setu E You will need to configure

this part for each op-amp
experiment

DDS software

PC with scope

sine wave DAC — ADC | UART —— program
generator.
Signal source Amp. Configuration under test Visible results

 DDS sine wave generator software

« DAC12 > amplifier under test > ADC12
 Through isolated serial interface to PC
 Simple PC “scope” program to display output
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Let’s get started.....

* Find the project “op_amp_lab”, open it, build it, and
load it into the MSP430FG4619 on your board.

e Connect the board’s RS232C port on your PC.

* Find the program “scope.exe”, and run it on your PC.

= |f you are using COM1, just click and run the program

= |f you are using another COM port (e.g. a USB->serial interface) find the
port number, and use the Windows “run” option to run “scope <com port
name>"
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....Let’s get started.....

 You should now have a sine wave on your PC,
directly from the signal generator

« Comment out the following line with “//”

UCAOTXBUF = DAC12_0DAT >> 4; l

« Uncomment the following line

[ITUCAOTXBUF = x; I

* You should now be seeing the output of the ADC12 —
there’s no signal right now.

© 2006 Texas Instruments Inc, Slide 10

Technology for Innovators” Wi TEXAS INSTRUMENTS




Amplifving the microphone

/ Set this to output, high, to power the mic.

OAADCO

P2.3 Az ext 0 .
1 Az int
i» OAP_x
b OAXxIO0 0 OAPM, x
e OAXxI1 1 > » A(2x+1) int+ext
DAC12_10UT 3 -
— OARRIP
OAN x
OAOI1
OAXI0 o\‘
OAxI1 1
DAC12_00UT 2
oD DAC12_10UT 3 OAFCx=0

OAOCTL1 |= OAFC_O;
OAOCTLO |= OAP_ 1 | OAN_O | OAPM_3:
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Unity gain, voltage follower

OAADCO
Az ext 0\l i
y » Az int
OAP_x
OAxl 5 OARRIP
OAPM_x
OAXI1 1 OAADC1 .
+ \LQ ’—> A(2x+1) int+ext
DAC12_00UT 2 OAXx « O > OAXO
DAC12_10UT 3 /
OAFCx=1

/ﬂmmhwn—\o\

OAFBR_x

/* High performance buffering of DAC12 O to the output */
OAOCTL1 |= OAFC 1;
OAOCTLO |= OAP_2 | OAPM_3 | OAADC1;
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Comparator

OAADCO
Az ext h > Asint
OAP_x y
S~
OAXxI0 0 OAPM x
OAXxI1 1 - OAADC1
DAC12_00UT 2 Bk | G gf)’(‘;” int+ext
DAC12_10UT 3/ / - AVss
OARRIP | T 24r  OAFBR_0=>0
o3 4R OAFBR 1 => 1/4 AVcc
OAFCx=3 J £2R  OAFBR 2=>1/2 AVce
Bl : R OAFBR 3 => 5/8th AVce
5 E OAFBR 4 => 11/16% AVcc
6% - OAFBR_5 => 3/4 AVce
] R OAFBR_6 => 7/8™ AVcc
OAFBR x OAFBR_7 => 15/16t AVcc
AVcc

OAOCTL1 |= OAFC_3 | OAFBR 2:
OAOCTLO |= OAP_2 | OAPM_3 | OAADC1;:
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Non-inverting PGA

Az ext h > Az int
1
OAP_x )
oaxto——0 OAPM.x
S ol ) ~ OAADC1 |
\ \% ——» A(2x+1) int+ext
DAC12_00UT 2 OAX > > OAXO
DAC12_10UT 3 -
b OAFBR_0 => x1 gain
OAFCx=4 OAFBR_1 => x1.3 gain

OAFBR_2 => x2 gain
OAFBR_3 =>x2.7 gain
OAFBR_4 => x4 gain
OAFBR_x>0 OAFBR_5 => x5.3 gain

W < OAFBR_6 => x8 gain
AVss OAFBR_7 => x16 gain

OAOCTL1 |= OAFC 4 | OAFBR 2;
OAOCTLO |= OAP_2 | OAPM_3 | OAADC1:

/NO)U'I-BOON—\O\

OAF

w
A
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OAP_x == 3 && OAN_x ==

Inverting PGA /

Az ext h _
OAP x / y » Az int
OAXxI0 OARRIP

0\_
i 1 OAPM _x OAADC1
DAC12_00UT 2 \Lo —» A(2x+1) int+ext
DAC12_10UT 3 | $—o° > OAXO
OA1rap (OAO0)
0A2:2: (OA1) =
OAO1r (OA2) 1
OAFCx=6 N« :‘; OAFBR_1 => x0.3 gain
e OAFBR_2 => x1 gain
OAXxIO 0 4 _ :
OAxI1 1 5 OAFBR_3 =>Xx1.7 gain
OA20UT (OA0 2 6 OAFBR_4 => x3 gain
OAO0OUT EOA1; 3 L OAFBR_5 => x4.3 gain
OA10UT (0A2) — NN OAFBR_6 => x7 gain

OAFBR_7 => x15 gain

OAOCTL1 |= OAFC 6 | OAFBR 7:
OAOCTLO |= OAP 3 | OAN 2 | OAPM 3 | OAADCL:
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Differential mode rocs

Lz et h » Az int
P_x y

OAP_
B Al B OARRIP
OAPM_x
OAXxI1 1 OAADC1
\ \Lo > A(2x+1) int+ext
DAC12_00UT 2 OAXx ° o » OAxO
DAC12_10UT 3 ; OANx =0
2~ OA1Rbottom (OAD)
/0 O OAZRbottom (OA1)
) 4R OAADC1 OAORyottom (OA2)
, 4R
5 2R
. 2R
) R
R
b R
OAFCx=7 7
~_ R
OAFBR x

OAOCTL1 |= OAFC_7:
OAOCTLO |= OAP_ O | OAN_O | OAPM_3 | OAADCL:
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2-amp microphone amplifier

Set to output, high, to power the mic.

P2.3
OAFCx=6
OAT0 OAPM_x h
i AAY ¥ OAT> — »
OAOI0 _°A° AW~ )
OARRIP
— OARRIP AAA L
] OAOI1
OA1I0 OA10
§ DAC12_10UT-—AAA—~+ AN\
= / an

Apply bias from the DAC12 here

OAOCTL1 = OAFC O0;

OAOCTLO = OAN_O | OAP_1 | OAPM 3:

OA1CTL1 = OAFC_6 | OAFBR 2:

OAL1CTLO = OAN 2 | OAP_ O | OAPM_3 | OAADC1:
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2-amp differential amplifier

—\/\/\/ AVAVAY:
R1 R2

OAOCTL1 |= OAFC_7 | OAFBR _0; /* Differential mode */
OAOCTLO |= OAP_2 | OAPM_3;

OA1CTL1 |= OAFC_6 | OAFBR 2; /* Inverting PGA mode */
OA1CTLO |= OAP_3 | OAN 2 | OAPM_3 | OAADC1;
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3-amp differential amplifier

R1 R2

L"‘

OA2 —————

— 1+
R1 R2
OA1 p

OAOCTL1 |= OAFC_1 | OAFBR 2; /* Unity gain mode */
OAOCTLO |= OAP_2 | OAPM_3;

OA1CTL1 |= OAFC_7 | OAFBR 0; /* Differential mode */
OA1CTLO |= OAP_3 | OAPM_3;

OA2CTL1 |= OAFC_6 | OAFBR 2; /* Inverting PGA mode */
OA2CTLO |= OAP_3 | OAN_3 | OAPM_3 | OAADC1;
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In conclusion...

* Flexible modes, to optimize current consumption &
performance

« User configurable as general purpose, unity gain,
voltage comparator, inverting & non-inverting PGA,
differential

* Internally connected to ADC and DAC

* Highly configurable & suitable for portable medical
system requirements
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements,
improvements, and other changes to its products and services at any time and to discontinue any product or service without notice.
Customers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All products are sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's
standard warranty. Testing and other quality control techniques are used to the extent TI deems necessary to support this
warranty. Except where mandated by government requirements, testing of all parameters of each product is not necessarily
performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should
provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask
work right, or other Tl intellectual property right relating to any combination, machine, or process in which TI products or services
are used. Information published by TI regarding third-party products or services does not constitute a license from Tl to use such
products or services or a warranty or endorsement thereof. Use of such information may require a license from a third party under
the patents or other intellectual property of the third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an
unfair and deceptive business practice. Tl is not responsible or liable for such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service
voids all express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business
practice. Tl is not responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would
reasonably be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement
specifically governing such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications
of their applications, and acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related
requirements concerning their products and any use of Tl products in such safety-critical applications, notwithstanding any
applications-related information or support that may be provided by TI. Further, Buyers must fully indemnify Tl and its
representatives against any damages arising out of the use of Tl products in such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is
solely at the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in
connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products
are designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any
non-designated products in automotive applications, Tl will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Amplifiers Audio ww Ircom/audid
Data Converters Automotive [vww i.com/automotivg
DSP fisp t.con] Broadband [Www it.com/broadband
Interface Digital Control
Logic [ogic.ficom Military
Power Mgmt pRowerfr.coni Optical Networking [vww.fi.com/opficalnetworH
Microcontrollers  picrocontroller-tr.com Security
RFID Telephony [pww ir-com/telephony
Low Power Video & Imaging [vww fi.com/vided
Wireless

Wireless [vww Ti.com/wirelesd

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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