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Operational Amplifier (OA)

NOTE: This chapter is an excerpt from the MSP430x5xx and MSP430x6xx Family User's Guide.
The most recent version of the full user's guide is available from
http://lwww.ti.com/lit/pdf/slau208.

The operational amplifier (OA) module is a general-purpose operational amplifier. This chapter describes

the OA.
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1.1 OA Introduction
The OA operational amplifiers can be used to support front-end analog signal conditioning before analog-
to-digital conversion as well as other general-purpose applications.
Features of the OA include:
» Single-supply low-current operation
» Software selectable rail-to-rail input
e Rail-to-rail output
* Input switches on positive and negative inputs individually software selectable
» Internal voltage follower setting
» Low-impedance ground switches individually software selectable (not available on all devices)
NOTE: Multiple OA Modules
Some devices may integrate more than one OA module. If more than one OA is present on a
device, the multiple OA modules operate identically.
Throughout this chapter, nomenclature appears such as OAnCTLO to describe register
names. When this occurs, the n indicates which OA module is being discussed. In cases
where operation is identical, the register is simply referred to as OAnCTLO.
NOTE: Switches and Configurations
The connections of the amplifier to device pins or internal connections are device specific.
Refer to the device-specific data sheet for specific interconnections and device pin
connections. The information in this chapter applies to all operational amplifiers in the family.
Figure 1-1 shows the block diagram of the OA module.
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Figure 1-1. OA Block Diagram
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OA Operation

The OA module is configured with user software. The setup and operation of the OA is discussed in the
following sections.

OA Modes

The OA can be enabled and disabled using OAM as listed in Table 1-1. To speed up the enable time of
the OA, The REF module REFON bit in the REFCTL register can be set before enabling OA to allow the
AFE bias, required by the OA, to turn on.

Table 1-1. OA Mode Select

OAM OA Function
0 Disabled. Output high impedance. All input switches opened, regardless of PSW or NSW settings.

Enabled. If OA output is shared with a digital I/O port, the digital /O port is automatically disabled regardless of the
PxSEL settings of the respective port.

Rail-to-Rail Input Modes

Each operational amplifier supports rail-to-rail input swings. Setting OARRI = 1 enables the rail-to-rail input
mode but requires additional current. Thus, to save current, rail-to-rail input mode (OARRI) should be
selected only if the dynamic range required for the application requires it. Refer to the common-mode
voltage range V. specified in the device-specific data sheet for OARRI = 0 and 1. Rail-to-rail operation is
made possible by an integrated charge pump that increases the internal supply of the respective
amplifier's input stage to allow linear operation over the complete common mode range. The charge pump
is shared with all operational amplifier instantiations. Setting any OARRI = 1 of any respective OA will
enable the charge pump independently of the OAM setting. The charge pump can also be enabled from
the CTSD16 module if in rail-to-rail input mode, CTSD16RRI = 1. When OARRI = 1 is set, the charge
pump, if not already enabled, is enabled. OARRIRDY = 1 indicates the charge pump is ready and stable,
and the rail-to-rail input mode is ready for usage. Setting OARRI = 0 causes OARRIDY = 0 for the
corresponding OA. The charge pump does incur additional power to operate. The charge pump requires a
single external capacitor from the CPCAP terminal to ground for proper operation. See the device-specific
data sheet for proper value and tolerances. Setting OARRI = 0 provides for a reduced input swing range
on the respective amplifier. Setting OARRI = 0 of all OA instances and setting CTSD16RRI=0 is required
to disable the charge pump. See the device-specific data sheet for input ranges supported for all OARRI
settings.

NOTE: On devices that contain the CTSD16, the charge pump is also used for PGA buffers when
rail-to-rail input mode is selected, CTSD16RRI = 1. Therefore, the charge pump may remain
enabled although OARRI = 0 for all OA instances.

NOTE: On devices that contain the CTSD16, the charge pump uses a clock that is provided by the
CTSD16CLK. If any OA is enabled and set to rail-to-rail input mode, the CTSD16CLK will
automatically be enabled regardless if the CTSD16 is enabled or not. In addition, the
CTSD16CLK has fault detection logic that may cause an NMI to occur. Any existing fault
should be corrected for proper OA operation.

OA Inputs

The OA has a configurable input selection. The signals for the + and — inputs are individually selected with
the OAXPSW and OAXNSW bits, respectively. Each switch is independently selectable. The connection of
inputs can either be internal or external connections and are device specific. Refer to the device-specific
data sheet for all operational amplifier connections. When OAM = 0, the OA is disabled and all input
switches are opened regardless of the OAXPSW and OAXNSW settings.

Negative input terminal switch 4 control, NSW4, allows for an internally connected voltage follower
configuration. Refer to device-specific data sheet for other internal connection options.
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1.3 Ground Switches
Ground switches are an optional feature of the operational amplifier module. Refer to device-specific data
sheet for availability and connections. Each ground switch can be enabled individually by software using
the GSW bits. Setting GSW = 1 closes the switch and provides a low-ohmic connection to the analog
ground to the GxSWx external pin and internal connections (see device-specific data sheet for internal
connections available). If a ground switch output is shared with a digital I/O port, the digital 1/O port is
automatically disabled when GSW = 1, regardless of the PXSEL settings of the respective port.
1.4 OA and Power Modes
The OA can be used in all power modes except LPMx.5 modes. Note that although the respective LPM
mode can be entered, there is additional power dissipation due to the OA being active. Therefore, entering
some of the lower-power modes, such as LPM2 through LPM4, while the module is enabled has reduced
low-power benefits.
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1.5 OA Registers

Table 1-2 lists the OA module registers. The base address can be found in the device-specific data sheet.
The address offset is listed in Table 1-2.

NOTE: All registers have word or byte register access. For a generic registerANYREG, the suffix
" L" (ANYREG_L) refers to the lower byte of the register (bits 0 through 7). The suffix *_H"
(ANYREG_H) refers to the upper byte of the register (bits 8 through 15).

Table 1-2. OA Registers

Offset Acronym Register Name Type Access Reset Section

00h OANnCTLO OAn Control 0 Read/write  Word 0000h Section 1.5.1
00h OANCTLO_L Read/write Byte 00h
01h OANCTLO_H Read/write Byte 00h

02h OANPSW OAn Positive Input Terminal Switches Read/write  Word 0000h Section 1.5.2
02h OANPSW_L Read/write Byte 00h
03h OANPSW_H Read/write Byte 00h

04h OANNSW OAnN Negative Input Terminal Switches Read/write  Word 0000h Section 1.5.3
04h OANNSW_L Read/write Byte 00h
05h OANNSW_H Read/write Byte 00h

OEh OANnGSW OAn Ground Switches Read/write  Word 0000h Section 1.5.4
OEh OANGSW_L Read/write Byte 00h
OFh OANGSW_H Read/write Byte 00h
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1.5.1 OANCTLO Register

Operational Amplifier n Control 0

Figure 1-2. OAnNCTLO Register

15 14 13 12 11 10 9 8
Reserved
r0 ro r0 ro r0 ro r0 ro
7 6 5 4 3 2 1 0
Reserved OARRIRDY OARRI | Reserved | Reserved OAM
r0 r-0 rw-0 ro r0 ro r0 rw-0
Table 1-3. OANCTLO Register Description
Bit Field Type Reset Description
15-7 Reserved R Oh Reserved. Always reads as 0.
6 OARRIRDY R Oh Rail-to-rail input ready status.
Ob = Rail-to-rail input not ready
1b = Rail-to-rail input ready
5 OARRI RW Oh Rail-to-rail input enable.
Ob = Rail-to-rail input disabled
1b = Rail-to-rail input enabled
4 Reserved Oh Reserved. Always read as 0.
31 Reserved Oh Reserved. Always read as 0. These bits are reserved for future amplifier mode
(OAM) settings.
0 OAM RW Oh Amplifier mode selection.
Ob = Disabled. Output high impedance. All input switches opened, regardless of
PSW and NSW settings.
1b = Enabled. If OA output is shared with a digital /O port, the digital I/O port is
automatically disabled regardless of the PXSEL settings of the respective port.
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1.5.2 OAnPSW Register
Operational Amplifier n Positive Terminal Switches
Figure 1-3. OANPSW Register
15 14 13 12 11 10 9 8
Reserved
r0 ro r0 ro r0 ro r0 ro
7 6 5 4 3 2 1 0
Reserved PSW3 | PSW2 PSW1 PSWO
r0 ro r0 ro rw-0 rw-0 rw-0 rw-0
Table 1-4. OAnPSW Register Description
Bit Field Type Reset Description
15-4 Reserved R Oh Reserved. Always reads as 0.
3 PSW3 RwW Oh Positive input terminal switch 3 control.
Ob = Switch open
1b = Switch closed
2 PSW2 RW Oh Positive input terminal switch 2 control.
Ob = Switch open
1b = Switch closed
1 PSW1 RwW Oh Positive input terminal switch 1 control.
Ob = Switch open
1b = Switch closed
0 PSWO RW Oh Positive input terminal switch 0 control.
Ob = Switch open
1b = Switch closed
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1.5.3 OANNSW Register

Operational Amplifier n Negative Terminal Switches

Figure 1-4. OAnNNSW Register

15 13 12 11 10 9 8
Reserved
r0 r0 ro r0 ro r0 ro
7 5 4 S 2 1 0
| Nsw4 | Nsw3a | Nsw2 | Nswi NSWO
r0 r0 rw-0 rw-0 rw-0 rw-0 rw-0
Table 1-5. OANNSW Register Description
Bit Field Type Reset Description
15-5 Reserved R Oh Reserved. Always reads as 0.
4 NSw4 RwW Oh Negative input terminal switch 4 control. Voltage follower configuration.
Ob = Switch open
1b = Switch closed. Amplifier output internally connected to negative input
terminal.
3 NSwW3 RwW Oh Negative input terminal switch 3 control.
Ob = Switch open
1b = Switch closed
2 NSW2 RW Oh Negative input terminal switch 2 control.
Ob = Switch open
1b = Switch closed
1 NSw1 RwW Oh Negative input terminal switch 1 control.
Ob = Switch open
1b = Switch closed
0 NSWO0 RW Oh Negative input terminal switch 0 control.
Ob = Switch open
1b = Switch closed
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1.5.4 OANnGSW Register
Operational Amplifier n Ground Switches
Figure 1-5. OAnNGSW Register
15 14 13 12 11 10 9 8
Reserved
r0 ro r0 ro r0 ro r0 ro
7 6 5 4 3 2 1 0
Reserved | Gswi GSWO
r0 ro r0 ro r0 ro rw-0 rw-0
Table 1-6. OANGSW Register Description
Bit Field Type Reset Description
15-2 Reserved R Oh Reserved. Always reads as 0.
1 Gswi RW Oh Ground switch,
Ob = Switch open
1b = Switch closed and external GxSW1 pin and internal connections (see
device-specific data sheet for internal connections available) are connected to
analog ground. If ground switch output is shared with a digital 1/O port, the digital
1/0 port is automatically disabled regardless of the PXSEL settings of the
respective port.
0 GSWO RW Oh Ground switch.
Ob = Switch open
1b = Switch closed and external GxSWO pin and internal connections (see
device-specific data sheet for internal connections available) are connected to
analog ground. If ground switch output is shared with a digital I/O port, the digital
1/0 port is automatically disabled regardless of the PXSEL settings of the
respective port.
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources 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.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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