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ABSTRACT

This application report illustrates how to trigger the on-chip ADCs using various timer events. This allows
the inputs to be sampled by the analog-to-digital converters (ADC) in synch with the timer events, which is
a critical requirement in control applications. This application report includes an example program that
illustrates a way to maximize the sampling rate for a set of three analog input channels, while triggering
the ADC with an internally-generated pulse-width modulated (PWM) signal.

This document assumes some basic understanding of the ADC operation as well as some characteristics
of the high-end timer (N2HET) and real-time interrupt (RTI) generation module. The code development is
done using HALCoGen as the initial code-generation tool.

Source code discussed in this application report and the relevant HALCoGen and Code Composer
Studio™ setup files are available for download from http://www.ti.com/lit/zip/spna227.
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Introduction

Hercules™ Microcontrollers (MCUSs) from Texas Instruments (TI) feature peripherals for real-time control-
based applications, including one or two Next Generation High-End Timer (N2HET) timing coprocessors ,
up to seven Enhanced Pulse Width Modulator (ePWM) modules, up to six Enhanced Capture (eCAP)
modules, up to two Enhanced Quadrature Encoder Pulse (eQEP) modules, and one or two 12-bit Analog-
to-Digital Converters (ADCs). The ADCs have to be triggered at specific and deterministic times with
respect to the time base being used for any control loop. This is supported on Hercules MCUs by the
provision of a variety of "trigger conditions" that control the start of sampling of an analog input by the
ADC(s).

ADC Trigger Options

The ADC module on Hercules MCUs supports three conversion groups: event group (or group0), groupl
and group2. The available analog input channels can be selected for conversion in one or more of these
conversion groups. All channels selected in a particular conversion group share some basic
characteristics such as sample time, data format, and the trigger condition. GroupO can only be triggered
by an edge on the selected trigger signal, while groupl and group?2 are software-triggered by default.
Groupl and group2 can also be configured to be edge-triggered. Table 1 summarizes the options for
triggering any of the three conversion groups using an edge-trigger signal. This table is applicable to the
RM46x MCUs. A similar table can be found inside each device-specific data sheet. The table lists the
trigger signal as well as the control registers setting that is required to select that trigger signal.

Table 1. MIBADCL1 Event Trigger Hookup

Trigger Event Signal
Group Source — —
Select, GISRC, PINMMR30[0] = 0 and PINMMR30[1] = 1
G2SRC or PINMMR30[0] = 1 Control for Control for
EVSRC Event No (default) Option A Option A Option B Option B
000 1 AD1EVT AD1EVT — AD1EVT —
001 2 N2HET1[8] N2HET2[5] PINMMR30[8] = 1 ePWM_B E:mmgg% z 2
010 3 N2HET1[10] N2HET1[27] — N2HET1[27] —
RTI Compare 0 RTI Compare 0 _ PINMMR30[16] = 0

011 4 Interrupt Interrupt PINMMR30[16] =1 |~ ePWM_AL | p\\MvR30[17] = 1
100 5 N2HET1[12] N2HET1[17] — N2HET1[17] —
101 6 N2HET1[14] N2HET1[19] PINMMR30[24] = 1 N2HET2[1] Emmmsgggg} Z cl)
110 7 GIOB[0] N2HET1[11] PINMMR31[0] = 1 ePWM_A2 E:Hmmggim i 2
111 8 GIOBJ[1] N2HET2[13] PINMMR32[16] = 1 ePWM_AB E:Hmmggi{g% z 2
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2.1 Triggering ADC1 Using N2HET1[27] on RM46x MCUs
211 Selecting Trigger Condition
This section describes how to setup the ADC1 and N2HET1 modules so that a rising edge on N2HET1[27]
can be used to periodically trigger ADC1 groupl conversions. The configuration is entirely done using
HALCoGen, as described below.
ADCI General  ADCIL Group Event | ADCL Group 1 | ADCL Group 2 ADCL Memory  ADCT Port
—ADCT Group 1 Configuration — — >
Fiiey G| S " Enable Channel Id in Conversion Results
" | Enable Continuous Conversion
Data Resolution (Bt} 12 BIT -
|
—ADCT Group 1 Trigger
Default Trigger Rising Edge Hardware
| g Edg
EVENT h — s = ST
i _:]_[E | Trigger
HET1 27 [l O ()
i EVENT z '! Altemate Trigger Falling Edge SW Tri
"HET2 5 . T g
HETT 27 ikl
RTI_COMPD H itE-ctended
HEFT: 17 i ; i :
e R Start: - ; End:
HET1_193 F' 2 itDischarge itSample tConversion
HET1 11
EE.;E@-% '?Iing Capacitor Discharge Digcharge Time: §.00
EFEHEIEJIZ MTM l Dhschange Prescaler: tDizcharge sk
EPWM_AR 3 Sample Time: | 200.00
Figure 1. ADC1 Groupl Trigger Selection
As shown in Figure 1, groupl is configured to be triggered by a falling edge on N2HET1[27]. HALCoGen
generates the C source code to configure the PINMMRNN registers to achieve this. No external connection
is required between the N2HET1 and the ADC1 modules, as this trigger signal connection is already made
internally. You can choose the enable the output of the N2HET1[27] signhal onto the 144QFP pin # 4 by
configuring the "PINMUX" tab in HALCoGen. On the 337BGA package, the N2HET1[27] signal is always
output on ball # A9. Enabling this output allows you to identify the timing of the ADC trigger, which is very
useful during code development.
2.1.2 High-End-Timer Program to Generate Trigger Signal
Consider the following simple HET program:
LOO CNT {reg=A, max=374, data=0}
LO1 ECMP {next=L00,hr_lr=HIGH,en_pin_action=0ON,pin=27,action=PULSELO, reg=A,data=187,hr_data=0}
The above code sets up a counter that counts from 0 to 374 repeatedly. Whenever this counter becomes
187, a low level is driven onto the N2HET1[27] signal. This signal is automatically driven high (opposite
state) when the counter becomes zero.
This simple HET program is sufficient to generate the periodic falling edges required to trigger the ADC1
groupl as per the setup described in Section 2.1.1.
This HET program needs to be assembled so that a set of files is created. This includes a .c and a .h file
that need to be included in the higher-level Code Composer Studio (CCS) project.
SPNA227—-0October 2015 Triggering ADC Using Internal Timer Events on Hercules MCUs 3

Submit Documentation Feedback

Copyright © 2015, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNA227

13 TEXAS
INSTRUMENTS

References www.ti.com

2.13

Host Program

HALCoGen makes it really easy to write the main driver program by creating the individual driver code for
the ADC1 and N2HET1 modules. In this case, the main program is simply:
void main(void)
{
adclnit(Q);
adcStartConversion(adcREG1, adcGROUP1);
hetlnit(Q);
while(l);
}

The adclnit() function sets up the ADC1 module's groupl to be triggered by a falling edge on N2HET1[27].

The adcStartConversion() function configures the channels selected for conversion in ADC1 groupl. Now
the ADCL1 is ready for conversions as soon as the correct trigger condition occurs on the N2HET1[27]
signal.

The hetlnit() function sets up the N2HET1 module, copies the simple HET program from program flash
into the N2HET1 program RAM, and starts execution of the HET program.

That is all that is required to demonstrate triggering of ADC groupl using a selected edge on N2HET1[27].
You are free to write the other parts of the code to either generate a DMA request or an interrupt request
to read out the conversion results. The accompanying source code example uses a DMA request to
transfer the conversion results to the CPU RAM and then interrupt the CPU so that the conversion results
can be processed.

3 References
* HET Integrated Development Environment User's Guide (SPNU483)
* NHET Getting Started (SPRABAOQ)
« RM46L852 16- and 32-Bit RISC Flash Microcontroller Data Sheet (SPNS185)
* RM46x 16/32-Bit RISC Flash Microcontroller Technical Reference Manual (SPNU514)
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

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

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

Reproduction of significant portions of Tl 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. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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