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ABSTRACT

This application report lists the steps to enable Class 0 Temperature Compensation (Class 0 TC) mode of
SmartReflex™ Subsystem (SRSS) module available on such devices.

For features that apply to various Keystone |l devices, see Section 2.
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1 SmartReflex

1.1 Acronyms
Table 1. Acronyms
Acronyms Definitions
TCI6630K2L, Keystone Il architecture Devices from Texas Instruments.
66AK2LOX,
TCI6638K2K
TCI6636K2H,
66AK2HxX, 66AK2EO0X,
AM5K2EO0x
AVS Adaptive Voltage Scaling
CvDD Adjustable voltage supply used by core logic on Keystone Il devices.
PAPLL PIl for PA module on device
PSC Power Sleep Controller on device
MCSDK Multi Core Software Development Kit
R Read Only Register
RW Read/Write Register
SRSS Smart Reflex Subsystem on device
SRSS Base Base Address of SRSS module on device
TC Temperature Compensation
TPS544Bxx PMBus compatible voltage regulator from Texas Instruments.
VID SmartReflex VID Value Mapping - Hardware Design Guide for KeyStone Il Devices (SPRABVO0)

SmartReflex is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.
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1.2 Smart Reflex Class 0
Keystone Il devices have Smart Reflex Class 0 operation mode enabled by default. In this mode, the
SmartReflex module determines value for CVDD voltage using adaptive voltage scaling (AVS) to
compensate for variations in performance from die to die, and from wafer to wafer. Adaptive voltage
scaling (AVS) is the adaptation or modification of the supply voltage for a processor voltage-domain given
the process strength.
For more detailed information, see the CVDD section in the Hardware Design Guide for KeyStone |l
Devices (SPRABVO0).
1.3 Smart Reflex Class 0 With Temperature Compensation Mode

On supported Keystone Il devices the voltage on CVDD or AVS rail can be set dynamically based on the
device temperature. Smart Reflex module on these devices needs to be enabled to support this feature.
By default, the Smart Reflex module on these devices is setup for Class 0 mode of operation. To enable
the Class 0 with Temperature Compensation mode, additional steps are needed after device boot. When
this feature is enabled, the Smart Reflex module senses the instantaneous temperature of the device from
on die sensors and determines appropriate voltage for the device. Steps to enable SRSS module for this
mode are mentioned in the next section. Detection of voltage change request and setting the appropriate
voltage are not covered here. MCSDK release supporting this feature would cover enabling, detection as
well as response handling.

A comparison of CVDD voltage with Class 0 temperature compensation enabled is shown in Figure 1. It
shows the reduction is voltage at higher temperatures versus the corresponding voltage value for a Class
0 only mode.

The voltage values and number of steps shown in Figure 1 are only for example purpose. Different device
will have different voltage and number of steps based on its process strength.
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Figure 1. Class 0 Temperature Compensation Voltage
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1.3.1 Steps to Enable SRSS Class0 Temperature Compensation Mode
1. Relevant Registers:

The following are registers relevant for the Class 0 TC setup. Perform Read Modify Write and change
only the value of required fields within the registers.

Table 2. Registers Relevant for Class 0 TC Setup

Register Width Base Address Address Offset Within Reset Value/
Register Name Read/Write (Bits) Within SOC Module Comments
SRSS_TEMP_CTLO_REG RW 32 SRSS Base 0x0000 001C 0x0
SRSS_TEMP_STATO_REG R 32 SRSS Base 0x0000 0028 0x0
SRSS_TEMP_STAT1 _REG R 32 SRSS Base 0x0000 002C 0x0
VPRM_STATUSO_REG R 32 SRSS Base 0x0000 0088 0x0

2. Setup Parameters: (Thresholds for temperature, and so forth)
(a) All Keystone Il devices have this programmed by default. No additional setup is needed.

3. Enable Temperature Sensors:
Keystone Il devices have two on die sensors tm0 and tm1 that can be configured in order to be used
by SRSS in the class 0 TC mode to sense temperature. These can be enabled by writing to
SRSS_TEMP_CTLO_REG's hits[1:0].

(a) Smart Reflex Sensor Power Domain should be turned on by programming the PSC (Power Sleep
Controller) module.

(b) SRSS_TEMP_CTLO_REG]J0] = srss_tmO0_en,
Used for Temperature Sensor 0 SRSS_TEMP_CTLO_REG[1] = srss_tm1_en, used for
Temperature Sensor 1
0: Temperature Monitor disabled locally
1: Temperature Monitor enabled locally

(c) PAPLL should be Configured and kept on for sensors to work.

(d) Only one of the two available sensors can be used at a time by the SRSS state machine to initiate
voltage change.
SRSS TEMP_CTLO_REG[19] = srss_tempm_sel
0: Select tmO as the source of temperature-comparison used to compare vs threshold points.
1: Select tm1 as the source of temperature-comparison used to compare vs threshold points

All Keystone |l devices have this bit programmed by default to 0.

(e) Reading Temperature Value
Enabled sensor’s temperature can be read in Signed two compliment formats in the following
register:
SRSS _TEMP_STATO_REGJ[7:0] = srss_tm0_temp
SRSS_TEMP_STATO_REG[23:16] = srss_tm1_temp

4. Enable SRSS Temperature Compensation mode

(a) Make sure the SRSS state machine is not in State SO or S1 by reading VPRM_STATUSO_REG
VPRM_STATUSO_REG[2:0] = VID_FSM_STATUS
Reflects the status of the VID FSM posting the voltage change request to the SMPS:
“0x0” FSM in state SO
“0Ox1” FSM in state S1

(b) The final step is to enable the State machine to be in Class 0 TC mode by the following write:
SRSS TEMP_CTLO_REGJ2] = srss_cOtemp_en = 1bl
SR-Class0 temperature compensated

5. Read temperature compensated voltage (VID)
When Class0-TC mode is enabled, the suggested value of the voltage (based on the temperature of
the device) is reflected in the following register field:
SRSS TEMP_STAT1 REG[29:24] = srss_tempthp_vctl[5:0]
This value is the temperature compensated and calculated SR-Class0 voltage target in the 6-bit VID
interface format.
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6. Detecting voltage change request:
(a) Read VID change by monitoring SRSS register
(b) Interrupt triggered
7. Updating the Voltage output of the voltage controller (for example, TPS544Cxx type regulator)
() VCNTLID bus
(b) Generic I12C bus

Software support to be added MCSDK 3.1.0 onwards.

2 Device Applicability

Various Keystone Il architecture devices support different features offered by Smart Reflex module. Some
devices support only a select few features like allowing instantaneous temperature of device sensors to be
read. Table 3 shows the various devices and SRSS features supported by them. Please note that for
using supported device features appropriate software steps might be needed and refer to relevant
sections in this document to enable those.

Table 3. Supporting Devices

Supporting Devices
TCI6638K 2K
TCI6630K2L TCI6636K2H 66AK2E0X
Feature 66AK2L0x 66AK2HxX AMS5K2E0x Relevant Sections
SRSS Class 0 Yes Yes Yes Section 1.2
SRSS Class 0 TC Yes No Yes Section 1.3
Temperature Read Yes Yes Yes Section 1.3.1 (3)

3 Frequently Asked Questions for SRSS Class 0 TC Mode
1. Question: What is the voltage change step size when the device crosses a temperature threshold?

Answer: Voltage step sizes are device specific and are preprogrammed in the device. Two different
devices of same ‘Device Type’ may have different voltage step sizes.

2. Question: What is the expected maximum and minimum voltage values?

Answer: Device can request any voltage between the CVDD range mentioned in the device-specific
data sheet. Requested voltage will never exceed this bound.

3. Question: How many temperature threshold/ranges are expected in a device?

Answer: SRSS can support up to five threshold points making it six temperature ranges max.
Threshold points utilized are specific to device and not all threshold points would be necessarily used
by every device.

4. Question: Does every device have the same number of temperature ranges/thresholds and voltage
values?

Answer: Not necessarily, the number of temperature ranges and temperature thresholds can vary
from device to device.

5. Question: Usage of SRSS temperature reading in other applications?

Answer: SRSS temperature sensors are primarily meant to be used by SRSS and not for application
software use. Although the temperature reading from SRSS temperature sensors closely represents
the device temperature the use of these readings in users/application software, precise device
temperature measurement is not recommended.

6. Question: What happens if applied voltage to device does not match the SRSS suggested value?

Answer: When the applied CVDD value does not match the SRSS recommended value, the device
would be out of power spec but still functional as long as the applied voltage is higher or equal to the
SRSS recommended value and is within the range specified for that device.
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7. Question: What is expected voltage ramp up time requirement to ensure the silicon function and
performance, minimal or maximal time requirement?

Answer: Supply Max Rise/Fall Time: Applied voltage should reach new value within 10 msec.
Supply Min Rise/Fall Time: >10 pSec

8. Question: Does Smart-Reflex Class0 work as a temperature compensator for DSP core rail in
accordance with the measured DSP temperature, not with the DSP load?
Or, do the temperature values represent the temperature of DSP or ARM core?

Answer: Smart-Reflex Class 0 TC mode takes into account the instantaneous device temperature,
and this instantaneous temperature does not necessarily correspond to temperature of DSP or ARM
core.

9. Question: Do VID values mean the DSP temperature?

Answer: VID values are enumerated voltage values that represent the recommended voltage for
device by the SRSS module of that device. VID to voltage conversion is mentioned in the Hardware
Design Guide for KeyStone Il Devices (SPRABVO).

10. Question: What is the expected power saving with SRSS class 0 TC mode?

Answer: In general with SRSS class 0 TC mode enabled, the CVDD voltage at higher temperatures
will be lower than without class 0 TC mode enabled, this should result in power saving at higher
temperature. Exact saving will depend on device and device load.

11. Question: Is it ok to apply fixed voltage before SRSS class 0 TC mode is enabled?

Answer: By default the device will boot is SRSS Class 0 only mode and will request a fixed voltage
value and that should be applied to device until SRSS class 0 TC mode is enabled. As long as device
is supplied with CVDD voltage value higher or equal to the SRSS recommended value and is within
the range of Data Sheet limits, device will not be harmed. Only drawback of not using SRSS class 0
TC is that device might be out of power specification during that duration.

4 References
» Hardware Design Guide for KeyStone Il Devices (SPRABV0)
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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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