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Introduction

The SmartFusion® customizable system-on-chip (cSoC) FPGA devices integrate the FPGA technology
with hardened ARM® Cortex™-M3 processor-based microcontroller subsystem (MSS) and
programmable high-performance analog blocks built on a low power flash semiconductor process. The
MSS consists of hardened blocks, such as a 100 MHz ARM Cortex-M3 processor, peripheral DMA
(PDMA), embedded nonvolatile memory (eNVM), embedded SRAM (eSRAM), embedded FlashROM
(eFROM), external memory controller (EMC), watchdog timer, system registers, Phillips Inter-Integrated
circuit (12C), SPI, 10/100 Ethernet controller, real-time counter (RTC), general purpose input output
(GPIO) block, fabric interface controller (FIC), and in-application programming (IAP). The programmable
analog block contains the analog compute engine (ACE) and analog front-end (AFE) consisting of ADCs,
DACs, active bipolar prescalers (ABPS), comparators, current monitors, and temperature monitor
circuitry.

These unique features make the SmartFusion cSoC an ideal choice for Power management solutions.

Power management of boards or of a complete system is one of the main challenges in designing a high
availability system. To create a reliable system, you need to use complex devices, often mixing FPGAs,
microprocessors, ASICs and ASSPs on the same board. Many of these devices require different power
supplies to achieve their full functionality.

Power management mainly deals with:
+ The power-up/power-down sequence of different devices on the board or complete system
» Power supplies output voltage monitoring and gives an indicator of a fault

+ Maintains constant supply voltages by trimming output of the voltage regulators as per device
power requirements

This application note describes a power management solution called Mixed Signal Power Manager
(MPM) reference design using the SmartFusion cSoC. The MPM reference design has been enhanced
as per the user requirements for adding ACE services to monitor additional power supply rails. The MPM
reference design supports both analog point of loads (APOL) and digital point of loads (DPOL).
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Power Management Overview

Power Management helps control the power system of a board or a complete system. To create a
reliable system, you will need to use complex devices, often mixing FPGAs, microprocessors, ASICs,
and ASSPs on the same board. Many of such devices require different power supplies to achieve their
full functionality. Often these supplies must be applied in a predetermined and consistent order known as
power sequencing. Proper sequencing will also limit any inrush current effects that can put strain on the
system power supplies.

Figure 1 on page 4 gives the detailed description about how power management is done in an example
system which runs with multiple applications.

Out put to System1

»  Regulator 1
Adjustment /Trim
-
Enable b3
o
w
Q
Q
=
Out put to System 2
- Regulator 2 AR >
;. 2
[v]
[o8
w
jo]
o A =3
e}
[}
{=
w Adjustment/Trim )
Main Power Input Voltage to Status/Monitor
Supplly Different Signals
Power Supply Regulators Controller
Regulator (SmartFusion)
2 Adjustment/Trim
2
L
A

-
(0]
[0]
o
»{  Regulator 3 é"?
~ NN\ Y Out put to System3 __
o
-
@
D
Enable ;
Q
Q
~

\

Regulator4 |  Adjustment/Trim

Out put to System 4 o

Figure 1 * Block Diagram of a System Showing Power Management

Consider an example system that requires different voltages to drive different functional blocks and
hence it is not always possible to hook up the main source directly to power functional blocks. Power
management here plays a major role in driving all the blocks with the required voltage without any
fluctuations. Hence, the voltage of different voltage rails is monitored very closely all the time to avoid any
damage to the system due to voltage ramp ups. Voltage regulators do the job of maintaining the voltage
levels to the required value without any fluctuations.
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Voltage Regulator

The voltage regulator in a typical system is used to accomplish different goals like step-down the voltage
among different sub-circuits that require low supply voltage, or to step-up the voltage for sub-circuits that
need higher voltage.

As shown in Figure 2, a regulator consists of four signals:
* Input Voltage (Vi)
+ Enable (E,)
» Output Voltage (Vo)
» Feedback/Adjust/Trimming signal

The enable and the trimming signals come from the controller/PLD device. The enable signal enables the
voltage regulator and trimming performs small adjustments on the output voltage of a regulator or power
supply (less than 10% of the output) by driving the trim, adjust, or feedback pin of the regulator to
maintain constant voltage.

En ¢ Vin

Voltage Regulator

+

Regulator Output >
Vout

FeedBack /Adjust /Trim

Figure 2 « Voltage Regulator
The trimming signal is set in two ways:
* Open loop trimming
* Closed loop trimming
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Open Loop Trimming

As mentioned above, the Trim pin is used to adjust the output voltage of the regulator. In open loop
trimming there are mainly three ways to set the Trim signal.

By using Discrete Components on the Board

In this method, the output of the regulator is set to particular value and it is not possible to adjust the
output unless you change the discrete components.

Input Output
—— | Voltage Regulator ———

Voltage from Trim

Board f

L

Figure 3 * Trim Value Set By the Discrete Components on the Board

By using Potentiometer
In this method the output of the regulator can be adjusted by changing the potentiometer manually.

Input Output
—— > Voltage Regulator ————

Voltage from
Board Trim

il

Figure 4 « Trim Value Set By the Potentiometer
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By Setting the Trim Signal using the Controller at the Initialization Time
As shown in Figure 5, the trim input is set by the controller that puts out a pulse-width modulated (PWM)
signal that acts as a DAC when fed through a low pass filter such as an RC network. The feedback pin
value is never adjusted and it is set once at the time of system initialization to a fixed value until a reset or
power cycle occurs in a system.

Enable (E, )

Controller Vut

_ Voltage Regulator
(SmartFusion)

Adjust /Trim

Figure 5 » Trim Value Set By the Controller

Closed Loop Trimming

In closed loop trimming, the trim input of the power supply is dependent upon the output voltage of the
voltage regulator. In closed-loop trimming, the controller constantly scans (once per loop) the output
voltage of the regulator, and actively adjusts the regulator feedback voltage to drive the regulator to some
target output voltage.

Closed-loop trimming is Active mode; it is continually operating. The algorithm for trimming is linear. The
main function of the algorithm is determining the trimming voltage (Vi) depending upon the output
voltage of regulator and target voltage.

Here, trimming voltage (V) is the signal which is fed to the regulator feedback pin and target voltage is
the voltage level that user wants at the regulator output.

Enable (E,)

Controller Vou
(SmartFusion) Voltage Regulator —

Adjust/Trim

Feedback/Trimming
Circuit

Figure 6 * Block Diagram of Closed Loop Trimming
The input Vj, and the trimming signal should be analog signal. There are several techniques used to
generate trimming signals, two of them are:
» Digital to analog converter (DAC)
* Pulse width modulator (PWM)
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DAC

The DAC is a device that converts a digital signal to analog signal. Digital-to-analog conversion can
degrade a signal, hence, the conversion details are normally chosen in a manner that the errors are
negligible. Sigma-Delta DAC is one type of DAC which is driven by pulse density modulated signal,
created with a low-pass filter, step, and negative feedback loop. The analog low-pass filter at the output
attenuates the noise at higher frequencies.

The 8-bit, 16-bit, or 24-bit unsigned binary digital input word to be converted is fed to an all-digital first-
order sigma-delta modulator. Sigma-delta modulation is a subset of the class of duty factor modulation
methods, as is PWM. In all of these, the output duty factor approximates the input to the modulator over
some time period. Typically, the input signal changes slowly, and the output of the modulator is clocked at
a higher sample rate, but with a lower output resolution. In the limiting (and commonly used) case, the
output only has one-bit of resolution.

PWM

The PWM is a general purpose, multi-channel module for motor control, tone generation, battery
charging, heating elements, fine tuning of power supply output levels, etc. It is the simplest DAC type. A
stable current or voltage is switched into an analog low-pass filter with a duration determined by the
digital input code.

In General Purpose PWM mode, duty cycle updates can be performed asynchronously or synchronously,
based on parameter selection.

The Low Ripple DAC mode creates a minimum period pulse train whose High/Low average is that of the
chosen duty cycle. When used with a low-pass filter (such as a simple RC circuit), a DAC can be created
with far better bandwidth and ripple performance than what a standard PWM algorithm can achieve. This
type of DAC is ideally suited for fine tuning of power supply levels.

The Low Ripple DAC mode is intended to drive a low-pass filter, typically a single-pole RC filter. Narrow
pulses of constant width are spread evenly over time such that the average voltage is equal to the duty
cycle. The output of the filter is then a DC voltage directly proportional to the duty cycle. This type of
pulse train allows for much lower ripple at the output of the filter, and benefits from either higher
bandwidth and/or smaller R and C values.

The PWM holds the frequency constant and varies the pulse width (tgy) to adjust the output voltage. The
average power delivered is proportional to the duty cycle, D, making this an efficient way to provide
power to a load.

D = tON

tON + tOFF
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Figure 7 gives the information about how the PWM output is averaged to a varying DC voltage. In the
following diagram, assume that the Main Power Supply is of 12 V. At reset, the PWM duty cycle, or level
out value, is 100% and the voltage increases to the rail of 12 volts. The PWM duty cycle/level out value
changes to 75% and then 50%, and the output of the RC filter follows this by dropping to 8 volts and then
6 volts. The generated ripple voltage is a function of the RC circuit values, the system clock period, and
the PWM duty cycle. In Low Ripple DAC mode, the pulse width is effectively reduced to a 1 clock cycle
period, significantly reducing the ripple at the output of a low-pass filter. Using Low Ripple DAC mode has
the added benefit of requiring a smaller time constant for the filter, which allows for smaller R and C
components to be used.

Main Power Supply

Y

Y

Controller Switch /\/\/\/
PWM l
Load/Trim Pin

Figure 7 » Averaging of PWM Output

The purpose of trimming is to perform small adjustments on the output voltage of a regulator or power
supply (less than 10% of the output) by driving the trim, adjust, or feedback pin of the regulator.

12V
8V

6V

33V

PWMDUl : 4000, | 75%
Cycle: : :

' Load

Qutput

[SAVAN SR U AR - i NG

33V

/ Time
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function of PWM duty cycle, PWM period, and the RC
time constant.

Figure 8 » Voltage Waveform Of Voltage Across Load
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Trimming is known to provide a voltage regulator with a trim input to which a control signal can be
supplied to trim the output voltage of the voltage regulator. Such trimming can be used to adjust the
output voltage to a desired value. This compensates for changes of the power supply characteristics due
to temperature changes or aging, in which, the output voltage of the power supply is raised or lowered
from the set point. This is referred to as an active trim or an active DC output control of the voltage
regulator.

The main function of the power management solution (MPM) using the SmartFusion are power
sequencing, power monitoring, and power supply margining.

MPM Design Description

Figure 9 shows the block diagram of the MPM reference design using the SmartFusion cSoC.

SmartFusion
MSS
ARM® eSRAM eNVM Regulator Output /
Cortex™ - M3 (Data) (Data/Code) Analog Feedback Signals
Computing
Engine
(ACE) . DAC Output /Trim/
Adjustment Signals
| AHB BUS Matrix |<—>
1 1 Switch
[ —
OLED |- >| 12C GPIO | Inputs for
2 Menu
FIC(AHB) Selection
Master
Fabric
| CoreAPB 3
A
/
Core Core Core
GPIO GPIO 12¢ CorePWM > Ripple DAC Output/
Trim / Adjustment Signals

Status Signals ~ Regulator PMBus
Enables Interface

Figure 9 * Block Diagram of the MPM Reference Design

The MPM reference design delivers superior power monitoring, power sequencing, closed-loop trimming,
and power-up and power-down control of external power supplies (external regulators).

Hardware Implementation Details

The FPGA fabric is used to implement the CorePWM and CoreGPIOs(2). The CorePWM is configured in
the low-ripple DAC mode that generates the trim/adjust signals to voltage regulators. CorePWM supports
32 individual outputs. CoreGPIOs are used to implement the status signals like over voltage, under
voltage, and enable signals to different voltage regulators.
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MPM Design Description

Figure 10 depicts the flow of the Hardware implementation. The two CoreGPIOs and the CorePWM are
connected to the Cortex-M3 processor through the APB Interface. The CorePWM continuously
generates the duty cycle and performs trimming. The CoreGPIOs are used for enabling the regulators

and the LEDs.

Cortex-M3

Y

APB Interface

Configure Configure PWM/ )
Core GPIO Duty Cycle Configure 12C
/

Status Signal PMBus Interface

Continous

Generation of
Ripple DAC
Ripple DAC

Figure 10 « Block Diagram Representing Hardware Flow

Analog Computing Engine (ACE)
The SmartFusion inbuilt ACE is used to generate the trim/adjust signals to different voltage regulators
using the DAC. ACE is used to monitor the output of voltage regulators using the ADC.
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Software Implementation Details

The software design performs the following operations:

The

Initializes and configures the SmartFusion ACE to monitor the voltage levels of MPM channels
Sets the MPM configuration registers through 12C
Logs the MPM status of multiple channels to the eNVM
Controls the CorePWM or on chip DAC to trim output voltage of different regulators
Controls CoreGPIOs to enable regulators and to generate status signal
Checks the MPM status and shuts down the system if the either of OFF, OV2 or UV2 is observed
At regular intervals, each MPM channel information is displayed on OLED
MPM solution block diagram is shown in Figure 11. As depicted, the Voltage regulator is connected

through a three pin jumper. This jumper is used to select the trim type, either SDD or PWM. When the
jumper is connected to the ACE pin and the output pin then it will result in SDD trimming type and the
other way results in PWM trimming type. In the similar manner the other three regulators are also

connected.
SmartFusion Board MPM Daughter Card
9VDC
Power Supply
Cortex -M3 eSRAM eNVM
1‘ ‘
Y y A
AHB Bus Matrix
Y
FIC
ACE Feed Back
— ul
SDbD \
°
MSS O Output DC-DC
Converter ——»
N0
Fabric (APOL) Output
PWM
' —
CoreAPB 3 —
* * * CorePWM
| I
CoreGPIO || Corel2C || CoreGPIO 1
ore ore ore Enable Signal
- DC-DC
Converter ‘anm
Status PMBus Interface - (DPOL)
Signals o

A

LEDs

Status /LED signal

Figure 11 » Block Diagram Of Complete Set Up Of MPM
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MPM Design Description

Trimming value is increased if the voltage is more than the nominal and it is decreased if the voltage is
less than the nominal. This can be implemented using any of the following:

* Linear function or

* Pl controller function or

* Using the equation:

Y=mX+c

EQ1

where:
‘Y’ is the output duty cycle,
‘X’ is the step size that varies with the state of the channel,
‘m’ is the slope, and
‘c’ is constant

In the current design, the power ramp has been implemented using the above equation. Figure 12 and
Figure 13 on page 12 are the graphs that are obtained with the implementation of above equation.

The name Channel<n>_M<p>_C<qg> gives the following details:
‘n’ represents the channel number,

‘p’ gives the slope value, and

‘q’ gives the constant value
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Figure 12 « Graphical Representation Of Power Ramp Of Channel 1
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Figure 13 * Graphical Representation Of Power Ramp Of Channel 2

The MPM solution has the following components:

+ Design files: The Hardware design files contain configuration of hardware components like PWM
channels, ACE, GPIOs etc. The Software design files contain C implementation for the
initialization of PWM, enumeration of all ACE channels, and power management algorithm,
shutting down the system when any fault condition is observed.

* GUI: The GUI enables you to configure power management and drive output signals as the
monitored voltages meet or deviate from the user-programmed operating limits. MPM design is
programmed into the device through an easy-to-use standalone GUI tool.

+  MPM power management demo daughter card (MPM-DC).

12
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MPM Design Description

The complete flow of the MPM reference design is explained in the Figure 14.
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Figure 14 * Flowchart For Complete MPM Data Flow

13



& Microsemi

SmartFusion ¢SoC: Mixed Signal Power Manager —Customizing the MPM Reference Design

Adding a New APOL Channel to MPM Reference Design

You can enhance the MPM reference design to add more channels as per the application requirements.
The steps listed below explain the procedure on adding a new channel for the MPM reference design
using the Libero Flow. Adding new channels can be implemented only with the ripple DAC
implementation of CorePWM, and it is not possible to add new channel using on chip DAC, as all the
available DAC channels are used in the existing MPM reference design. Adding a new channel to the
existing MPM reference involves below steps:

Adding a monitoring channel to ADC to sample the regulator output
2. Adding extra channel to CoreGPIO to generate enable signal

1.

3. Adding extra channel to CorePWM to generate ripple DAC

Adding a Monitoring Channel to ADC to Sample the Regulator
Output

Adding a new channel to ADC to sample the regulator output is required for closed loop control of the
MPM. The number of channels or regulators that can be controlled in closed loop is based on the number
of ADC channels available on the device. The Table1 below gives the available Analog input channels for
SmartFusion cSoC Device for closed loop control of MPM.

Table 1« Analog Input Channels For SmartFusion cSoC Device

A2F500(FG484) A2F200 A2F060
ABPS 10 8 2
Direct ADC i/ps 12 8 1
CMO 5 4 1
TMO 5 4 1
Total Analog i/p 32 24 15
DACs 3 2 1

Use the following steps to add a monitoring channel. For design files of this application note, refer to
"Appendix A" on page 38, in the Libero HW project.

Open the SmartDesign MSS configurator from the Libero-Project Flow.

1.

14
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2. Double-click the ACE block to configure. It looks similar to Figure 15.

Configure ACE 5]
Configure ACE Controller | Flags |
ADC Configuration
ACLK: 80 MHz ADC Clock: 10 MHz Resolution: 12 v | bits
Add service: I (K
Active Bipolar Prescaler Inpt| = Sample
ADC Direct Input cance == time (us] s r2bon sel
Current Input “Active Bpolar Prescaler Inp | MPM_Channel_1_DMPH_DE_APOLT_3P 000 | WS [ ABPS2)
?‘”E’E”";‘ ol || Active Bipolar Prescaler np | MPM_Channel 2 DMPM_DE_APOL2_1F .000 | W12 (ABPSE) 3(5)
L;me":pu’f et 'ADC Direct Input PM_Channel_6_A2F_BOARD_RV1_PO 000 Y7 (CMD) 03y
Analog Comparator Sigmz Defta DAC D 100 V7 (SDD0) N/A(I)
Sigma Delta DAC Sigma Detta DAC D .000 [Y17 (SDD1) NAA(15)
] apcslocko
] apcslock 1
[] ADCBiock 2

Figure 15 « ACE Configurator Before Adding a Service

3. Select Active Bipolar Prescaler Input or ADC Direct Input from the Add service list, and click
Add. If the analog input value is less than the ADC voltage reference, choose the ADC Direct
Input service for a higher accuracy for the application. An analog service configurator window
opens as shown in below Figure 16, allowing you to customize the service.

Configure Active Bipolar Prescaler Input @
ABPS0 Signal name: Prescaler
— oEm v
VoltageMonitor _0
|1 5end raw ADC result to DMA
Acquisiion time: 10.000 us
Digital filtering [T Linear transformation
Filtering factor: Scale factor:
0.000 Offset:
Send filtered result to DMA Send transformed result to DMA
Threshold Detection 4
Threshold | Hysteresis | Assert De-assert | ~
Hag Name Hag T
ag ag Type ™ mv) o s
[ Assert flag when post processing completed
oK ] [ Cancel

Figure 16 * Active Bipolar Prescaler Configurator

4. Enter the Signal name prefixed with 'MPM_Channel_<n>...", where '..." represents any other text
needed to name the ACE channel signal and <n> is a unique MPM channel number between 1
and MPM_MAX_NUMBER_OF_CHANNELS under Signal Name option. For Example if you are
adding 7th  channel to the reference design, Signal name can be
MPM_Channel_7_DMPM_DB_APOL3_1P5V. Assign flags UP and DOWN of flag types Over and

15
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Under as required for application. The initial voltage val
and can be configured to any valid value.

The MPM driver dynamically reprograms these on the fly when managing the channels. For
hysteresis-based thresholds, the MPM GUI specified hysteresis value is used. State filtered
as is in the ACE configuration. Channels
threshold * hysteresis configurations via
the MPM GUI are recognized and managed by the MPM firmware. After filling up all fields, Active

(assert/deassert samples) based thresholds are used
meeting these criteria that are not given 'out of range'

Bipolar Prescaler Input Dialog Box looks like Figure 17.

ues for these thresholds are not important

Configure Active Bipolar Prescaler Input @
ABPS0 Signal name: Prescaler
—
T EEE—— +/- | 15.36 |V
MPM_Channel_7_DMPM_I ! _
|| Send raw ADC result to DMA
Acquisition time: 10,000 us
Digital filtering [ Linear transformation
Filtering factor: Scale factor:
Initial value: 0.000 v Offset:
[C]send filtered result to DMA Send transformed result to DMA
Threshold Detection >
Threshold | Hysteresis Assert De-assert -
Hag Name Hag T
ag ag Type ) mV) - =
up OVER 15 10
DOWN UNDER 05 10
|| Assert flag when post processing completed
oK ] [ Cancel

Figure 17 + Active Bipolar Prescaler Configurator with Data

5. Click OK. The ACE configurator looks like Figure 18. Assign the Package Pin value.

Confiqure ACE [
Configure ACE Controller Flags |
ADC Configuration
AcLK: 80 M-z ADC Clock: 0MHz  Resolution: bits
e servce:
Active Bipolar Prescaler Inpt| _ e
ADC Direct Input Serv Signal A, Package Fin SCB
Current Input Active Bipolar Prescaler Inp | MPM_Channel {_DMPM_DB_APOLT_3P 000 [W5 (ABPS2)
_?_‘"E'E”“;‘ I”Ith || Active Bipolar Prescaler Inp | MPM_Charnel_2_ DMPM_DB_APOL2_IP 000 [W12 (ABPS6)
Uf_ﬁﬁ:pu’f g ADC Direct Inpt PM_Channel_&_A2F_BOARD_RVI_PO 000 [Y7 (CMD)
Analog Comparatar Sigma Deka DAC 000 [V7 (SDD0)
Sigma Delta DAC Sigma Deka DAC 000
[ ADCBleck 0
[] ADCBlock 1
[] ADCBlock 2

Figure 18 « ACE Configurator After Adding a Service

16
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6. Typically, you will know with which analog pad the service needs to be assigned to based on your
board design. The package pin assignment also determines which ABPS is selected. The Active
Bipolar Prescaler Input (ABPS) service senses the voltage on an input pad and scales it to fit the
range of the ADC (nominally 0 V to 2.56 V, if the internal voltage reference, Varef, is used).
Currently, assign the value to Y11(ABPS7).The ACE configurator looks like in Figure 19.

i Configure ACE

Configure ACE Controller Flags 1
ADC Configuration
ACLK: 80 MHz ADC Clock: 10MHz  Resolution: bits
Add service:
Active Bipolar Prescaler Inpy Z Sample
ADC Direct Input A Signal time (us) Package Fin SCB
Current Input Active Bipolar Prescaler Inp | MPM_Channel_1_DMPM_DB_APOLT_3F 70.000 [WS (ABPS2) 16
_E‘HE'E“‘E' I"IP“t . Active Bipolar Prescaler Inp | MPM_Channel_2_ DMPM_DB_APOL2_IF 10.000 W12 (ABPSE) 3(5)
s ADC Direct Input MPM_Channel_6_AZF_BOARD_RV1_PO 10,000 |7 (CMO) (]
Analog Comparator Sigma Delta DAC SDD0 10.000 [V7 (SDD0) N/A(TE)
Sigma Delta DAC Sigma Delta DAC 5DD1 10.000 [Y17 (SDD1) N/A(TE)
Y11 (ABPS7) -

[] abpcBlocko

[] abpcBlock 1

[] abpcCBlock2

K

Figure 19 « ACE Configurator After Adding a Service With Package Pin

7. After assigning the pin value, click the Controller tab. Then click ADC1_MAIN in the Procedures
box. As shown in Figure 20 on page 18, open the Controller tab in ACE configurator to configure

Sample sequencing. The Sampling Sequence determines the order in which analog channels are
sampled for a particular ADC.

17
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The Operating sequence entry can be specified as Auto or Manual. Select Auto. As shown in
Figure 20, the Available signals list shows the signals that are assigned to a specific ADC. You
can use this list of signals to indicate which one you want to sample in Auto mode by moving
these signals to and from the Sampling rate. Click on the ADC<n>_MAIN in which the newly
added signal is and move it from the Available signals list to Sampling rate table. Click
Calculate Sequence and Actual Rate. This creates a basic round robin sequence of your
selected signals. Click OK.

Configure ACE (]
Procedures Tk
IADCD AR == [ [] apcslocko
[] ADCBlock 1
ADC2_MAIN L] ApcBieck2
Operating sequence entry: @ Auto () Manual

Details of procedure: ADC1_MAIN
3 Sampling rate

Signal |Adua| Rate
| MPM_Channel_2 DMPM_DB_APOL2_1P5V | 84200

| Total sampling rate: 84200 ksps

*El ) %) [+ [+

e SSE Execution
Time {us)]

Sample MPM_Channel_2_DMPM_DB_APOL2_1P5V 11.725

Restarts the execution sequence for this timeslot 0.100

Figure 20 * Controller Tab of ACE Configurator

8. The MSS configurator appears as shown in Figure 21. You can observe the added signal
MPM_Channel_7_DMPM_DB_APOL3_1P5V.

ACE I

agPs SO0
ABPSE SI010
ABPET

MO

WRERD

WHREF1

F

Figure 21 » MSS Configurator With Added Signal
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Adding a Channel to CoreGPIO to Generate Enable Signal

Use the following steps to add a channel to CoreGPIO to generate enable signal in the Libero HW
project:

1. Open the SmartDesign MSS configurator from Libero-Project Flow.

2. Double click MSS /O block to configure, it is similar to Figure 22.

B, Configuring MSS_FI0_0 (MSS_FIO - 1.0.203) o[ S

Configuration

Mutilexed With MAC Peripheral RMII Management Interface MSS 1/0s
10_24 (MDC) AA3 1023 (MDIO) V4
Multilexed With MAC Peripheral RMII Data Interface MSS 1/0s
10_22 (RAER) A4 10_21(CRSDV) w4
10_20 (TXEN) Y4 10_19 R¥D[O]) us |
10_18 (RXD[0]) vs 10_17 (D[] ws
10_16 {TXD[0]) AAS

Multiplexed With GPIG[15:0] Peripheral MSS 1/0s

10_15(GPIO[15]) [Mot Used ~ | @ Y3 10_14 (GPIO[14]) [niot Used - | ) 483
I 10_13(GPI0[13]) [Not Used -~ | € 482 10_12 (PIO[12]) an2
10_11 (GPIO[11]) T4 10_10 (GPIO[10]) Uz
109 (GPIO[E)  [TRIBUFF = V3  10_8(GPIO[B]) T

10_7 (GPIO[7])

.

For] w

]

10_6 (GPIO[E]) OUTBUF  ~ vz

Uz 10_4(GPIO[) [OUTBUF ~|  aal

Y1 10_2(GFIO[Z]) [OUTBUF ~ w1

10_5 (GPIO[S])

10_3 (GPIO[3])

| [e] e
g 3| |8
S |5
“ 1

10_1 (GPIO[1]) UF - R3 I10_0(GPIO[]) [OUTBUF ~ vi

Figure 22 « Configure MSS 1/O Block
3. Select TRIBUFF for IO_16 as shown in Figure 23.

[ Configuring MSS_FIO_0 {MSS_FIO - 1.0.203) (S

Configuration

Multiplexed With MAC Peripheral RMIT Management Interface MSS 1/0s
10_24 (MDC) AR3 10_23 (MDIO) va
Multiplexed With MAC Peripheral RMIT Data Interface MSS 1/0s
10_22 (RYER) AA4  10_21(CRSDV) w4
10_20 (TXEN) ¥4 I0_19 RXD[O]) Us W
10_18 (RHDIOD) Vs 10_17 (00 ws
10_16 (YD) AAS

Mot Used
" INBUF
Multiplexed With GPIq o e = a MSS 1/0s

1015 (GPID[lS] 0 ¥3  10_14(GPIO[14]) ANotUsed o AB3
10_13(GPIO[13]) MotUsed e AB2 10_12 (GPIO[12]) AAZ
10_11 (GPIO[11]) T4 10_10 (GPIO[10]) u3
10_9 (GPIO[S]) v3  10_8 (GPIO[S]) 3

10_7(GFIO[7]) [OUTBUF ~ w2 106 (GPIO[]) [OUTBUF ~ 2
10_5(GPIO[S))  [OUTBUF ~ Uz 10_4(GPIO[4]) [OUTBUF ~ AAL
10_3(GPIO[))  [OUTBUF ~ Y1 10_2(cP0[) [OUTBUF ~ w1
10_1(GPIO[1]) [OUTBUF ~ R 100(GPIO[]) [OUTBUF ~ 1

.

Figure 23 « Selecting TRIBUFF for /0_16
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4. Now MSS |/O Block in MSS configurator is visible as shown in Figure 24.

Interrupt Management
[(FERT FAEINT

MSS I/0

111 IR;IK;
momomQmo
I
1

,_.
=

L o o o o = X ==

rdod eddon

BB55806805005083858058
UIUUUUUUUI'HUITIU|

€3 Pl b e L G B0 G D D e e

ts: [ [ [w o fo o f

Figure 24 + MSS 1/0 Block After Adding Extra I/0 Port

5. Save the changes and click Generate. Refer Changes in Softconsole section to update eNVM
firmware client.

6. In Libero, right click SF_MPM_RefDesign_MSS block, select Update Instance(s) with Latest
Component as shown in Figure 25.

(PP PEE SOA- SF_MPM_RefDesign_MSS i
[(FEC RECET B MG REGET_N FAB {
— NI MEF RESET N
LPIO12 D 10 17 PADMRI
po-fip IOT12_E ICT117PADVRI
LB1o11D 10 PADTRI
oD IOTLITE 10 9 PADVRI
LPIOL0D 108 PADTRI
pop IO L0TE 107
LBIOH D 10 6_PADCU
—o 0% E 05
L BIED LS.
tBI0E E 03
[P A SO 8- 7D 102
0ED KN,
105 D 000
04D
103D 5001
0D 2C0m
oD RCIE
100D !
RM &2 |
o -
GAG 14N B Lock Position for Auto Arrange —
GHO 13_IN
MPM Thannd_1_DMPM DB APOLL 3BV —
: MAW Channel 6_/OF BOARD, VI POT_2056V GF  Configure
VIRE VARER
[P Chenmel 7 TP O AR 15 W MPM_Channd_2_DMPM_DB APOL2_1PSY ¥ Delete
= Replace Component for Instance(s)...
(PO = SETET
ate Instance(s) with Latest Component...
E!_;? Update Instance(s) with Latest Component
;‘ 4~  Clear User Connections
T MSS Help v

Figure 25 « Updating MPM_MSS_0
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7. Right-click 10_16_D port of SF_MPM_RefDesign_MSS and select Tie Low as shown in

|
mj I
SF_MPM_RefDesign_MSS i |
[FE=E=T =T m Fo8_e1x
@ menr ] <
r AReIO 12 D 12 pal =
013 F ot saTRIE
T Femted) Io_ i PACTRIE
031 F 15_5_pacTRI@
L @ T0_10 D 10 8_ParTRI
107 _PADOUTER
LI 3D I0_5_PADOUTE
—Po b IO 3 £ I0_5_PADOUTER
L1080 10_4 Pas HA
i TI0_3_eas —
107D 102 PAl
a0 1071 P
T0_0_Pa; -
40D 0008 T
SO 1
IO 16_PADTRT
i L
1000 ==
= ]
= ] 1
GPIG_15 TN
iz GEIO 1A N L1
A3 —
MPH Enannel 1 DMPH_DE APOLL IPIV
F MPM_Channel_6_AZF_SOARD_RVI_POT_2PS6W
= VAREFD
-3 AREF 1
z MIPM_ Chnmel 2 DMPM_DE APCIZ_1PSV

ML Channel_7_DMPH_DE AROLI_1PSV

e i

r bl Connect

== Disconnect

Promote to Top Level

o e

Clear Attribute

Invert
Tie Low
CoreAPEE_0 Tie High

Mark Unused

Add Pins to Group

Figure 26 + Selecting Tie Low for I/O Port
8. Right-click I0_16_E port of SF_MPM_RefDesign_MSS and select Invert as shown in Figure 27.

1
i |

=

}':‘.L:‘:""

[ Agr soeny S i
¥, i

=i

_15_T
MPH Channel_1_DMPM_DE_APOH

U373V

MPM_ Chan=_6_A2F_SOARD_RVI_POT_2PS5V
VAREFD
VAREFL
MPM_Chisnnel_2_ DHPM_D_APOL2_ 195V
MPM_ ChianneL_7_DMPM_DE_APOL_ 175V
VAREF2

£

- I

Il Connect

== Disconnect

Promote to Top Level

Clear Attribute

Invert
Tie Low
CoreAPEE_0 —
[ Tie High

Mark Unused

Add Pins to Group

Figure 27 » Selecting Invert for /0O Port
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9. Right-click the 10_16_PADTRI pin of SF_MPM_RefDesign_MSS and select Modify Port as
shown in Figure 28.

MPM_BMBus SDA, BIBUF b
N ]
SF_MPM_RefDesign_MSS
pMES_RESET_M RE_CEp
pEAIINT MIF_RESET_Nip
Lo 1z o o_1z ParTR1i = =l
o101z = 0_11 PACTRI = =T
Lo 1D 0_10_PACTRIE = =T
$ofp10_11 D 5 FADTRI LB _SPOI 2N |
‘Lp1o 1D D PaDTAIE BE _EPOLL BN
Lofp10_10_E 10_7_PACOUTER DM
A p1o=_o 10_&_PADOUT]
ofp10 s = 10 s PADOUT] o1
Lpio:o 10_+_PapouT MPM S0 BEUF = =
fofB10 s = 103 FRDaUT] - o 2
p10_7_o 10_Z_PRDOUT| = =)
p1o_5_D 10_1_PACOUTI = =]
P10 s o 10_0_PADCUTI =N,
p10_4_O b MEM Crannel 1 [a PO JEIM
p10: D 18 e
p10_2_ O O_16_PACTRINg
P10 1o ZC_oEe
p100 0 m:_lE‘t bzl Connect
pFIM_GFL_I9
pFIM_GFI 35 —— s
EEE Disconnect
pGPIO_14_IM
pCPIO_13_IN .
b MM Chonel_L_DOPM_DELAPOLL_383¢ @ Lock Position for Auto Arrange

b PPM_Crarnel_5_AZF_BOARDLANI_POT_IFEEW
WARSTD

P VAREFL

P HEM_Crznmel_2_SHPM_DE_ARDLI_1P5V Show Met

04 FP_Crarrsd_7_DPM_DE_APOLI_IFEV MPM | _SMBALERT_HIBUF

=S
AP s D Rename Net...
fofp10_15_E

Modify Port

Rename Top Level Pin

Qs HAsTER_APE

Faa Add Pins to Group

A

Figure 28 * Selecting Modify Port
10. Enter the name of the pin as DMPM_DB_APOL3_EN as shown in Figure 29 and click OK.

@ Modify Port - 1016 PADTRI | e

Mame: DMPM_DB_APOL3_EM
Direction:
Input
@ Output

Bi-directional (inout)

Help ] [ 0K l [ Cancel

Figure 29 - Modify Port Dialog Box
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11. Now right-click GPIO_OUT[31:0] of MPM_GPIO_Regulator_Enables and select Edit Slice as
shown in Figure 30.

WM _Creen _DE_AROLL_373¢
MM _Chennel_6_AZF_BOARD_RV1_POT_2PS6V
=
==
VPW_Cherniel 2 DVPM_ES APOLZ_LPSV
WP _Chennel_7_DePM_D8_APOL3_1PSV
WAREFZ.
D50
DlEE
H b1 Connect
k == Disconnect
£
fral] Hide Met
Rename Met...
Edit Slice...
Promote to Top Level
Clear Attribute
Invert
Tie Low MPM_GPI0 Digital_I0s
Tie High 3 s
F10_ING1:0] GPI0_oUTT3L:0]| 1T
- - GPD_OQUTT3L:12] 1T
Tie Constant FD_ouTii] N
EPI0_ouTrio]
3 - &0 _OuTIS]
Mark Unused D ouTEl
GPD_OUTIT]
; GPD_OUTIE] B—
Add Pins to Group CUE) | ol
GFID_OUT4]

GFI0_OUTT3]
<1111 =
T GFID_OUTT1] —1—
GFI0_OUTIo] —
L [T 5
==
=

Figure 30 « Selecting Edit Slice

12. Click Add slice entry in the Edit Slices dialog box to add GPIO_OUT[5] and change the
configuration as shown in Figure 31. Click OK.

( ] Edit Slices - GPIO_OUT[31:0] L l ? &]1
Create slices of width

GPID_oUT[31:0] <@ Left Right | Afld slice entry

1 0 0
2 1 1
3 2 2

lla] = 6 |
5 3 3
[} 4 4

| 7 5 5 |

Figure 31 « Edit Slices Dialog Box
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13. Connect GPIO_OUT[5] port of MPM_GPIO_Regulator_Enables to 10_16_E port of
SF_MPM_RefDesign_MSS by using Connection Mode button as shown in Figure 32.

¥
)
e

EE 3 PADOL|
DR T 107D 10 2 PADOLR |
06D H0_1-PADOLN|
105D 10_0_PADOLT|
E 04D <o
03D o0t
- 102D 10 16_PADIRI
1l Cennection Mode 01D 2C0HQ
+ 00D DCime
[ RGP 29
D A ED MG 28
bz GPIC_15 IN
D GREOL 14 IN
s GRIO 13 IN
o nne T3 MEM Channd 1_DVPM DB APCLL 3P3V
el T 7 MPM Channel_6_AZF BOARD. RVI_POT_2PS8V
5 VARERD
e MPM Channel 2_DMPM_DB_APQL2_1PSV
MPM Channel_7_DMPM_DE_APQL3_1PSV
@ N
E=S SCRTA]
& 2
” o
<2 E
=
Q
§ o n
O G "
CoreAPB3_0 L L3 L]
[} =

=
MPM_GPIO_Digital_10s
P PRESETN INT_CR|
:PC[K
'GPIO IN 31: 0]
} IN31:0] et

=

n

MPM_GPI0_Regulbator_Enables

Figure 32 » Connecting GPIO_OUT[5] and IO_16_E

14. Right-click GPIO_OUT[31:6] of MPM_GPIO_Regulator_Enables and select Mark Unused as
shown in Figure 33.

!

MPM_GPI0_Regulator Enables
INT[31:0]
PAK GPIO QU310
L GPiO IN31:0] T
GJIO_% B Connect

28

ol __
o Disconnect
au

a8

o Promote to Top Level

8

Clear Attribute

Invert —
Tie Low
Tie High
Tie Constant

Mark Unused |
1

Figure 33 * Selecting Mark Unused for GPIO_OUT[31:6]
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Adding a Channel to CorePWM to Generate Ripple DAC

Use the following steps to add a channel to CorePWM to generate ripple DAC:

1. Configure the connections of CorePWM (MPM_PWM_Trimming_Outputs). Double click
CorePWM block of MPM_top and increment the Number of PWM Channels by 1 as shown in

Figure 34.

r 5
[EL Configuring MPM_PWM_Trimming_Outputs (corepwm - 4.1.106) =NACE X
Configuration -

Global Configuration: |_|
Configuration Mode: 0 - PWM Only Mode -
MNumber of PWM Channels: 3 -
1 -
APB Data Bus Width /Resolution: %
L
Global PWM Mode Configuration: g 1
7 [ 4
Fixed Prescale: || 3
9
Fixed Period: [ 1[11 n
Channel 1 Configuration:
4 | i b
o) o
\ — —— ¥!

Figure 34 « Configuring CorePWM

2. Current design has 3 PWM channels. After adding the new PWM channel, select Low Ripple
DAC mode for channel 3 as shown in Figure 35.

( @ Configuring MPM_PWM_Trimming_Outputs (corepwm - 4.1.106) = | S S 1
Channel 3 Configuration: -
Low Ripple DAC mode: Shadow Update Register: [~
Fixed PWM PosEdge: Fixed PWM PosEdge Value: |0 -
Fixed PWM MNegEdge [ DAC LevelOut: (] Fixed PWM NegEdge Value: |0

Channel3 PWM stretch level (HIGH when selected)

Channel 4 Configuration:

Low Ripple DAC mode: (] Shadow Update Register: [
Fixed PWM PosEdge: Fixed PWM PosEdge Value: 0
O Fixed PWM NeaFdne [ DAC | evelCt: '_n|r Fixed PWM NeaFdne Valie: |0 - X
Co Jlew)
A == — = E

Figure 35 * Selecting Low Ripple DAC Mode
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3. The CorePWM (MPM_PWM_Trimming_Outputs) block looks like Figure 36. Right-click the
PWM[4:1] as shown in Figure 37 and select Edit Slice.

AF
AZF BLARLY

TN
=
I
=

B
i

{MPM_PWM_Trimming_Outputs

Figure 36 « CorePWM Block After Adding PWM Channel

w
MPM_PWM_Trimming_Qwut puts
TACHINT [ <

Mﬁa I Connect

Al { == Disconnect
Hide Met
Rename Net...
Edit Slice...

Promote to Top Level

Clear Attribute
Invert

Tie Low

Tie High

Figure 37 « PWM Edit Slice
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4. Click Add Slices to add an extra PWM port as shown in Figure 38. Click OK.

L

| Edit Slices - PWM[4:1]

Create slices of width [1 hd ] &
%

PWM[4:1] 0] Left Right
i |1 1
2 2 2
3 3 3
4 4 4

o) [ e

Figure 38 « Edit Slices of CorePWM

5. Right-click PWMI3] to clear the attribute as shown in Figure 39 and right click PWM[3] again to

Promote to Top Level as shown in Figure 40 on page 27.

é

MPM_PWM_Trimming_Out puts

POLK THCHINT 3
PRESETH P 4:1] Bl
g I Connect

== Disconnect

Promote to Top Level

Clear Attribute

Invert
Tie Low
Figure 39 - PWM[3] Clear Attribute
I
MPM_PW M_Trimming_Out puts
POLK TACHINT[p X,
PRESETN P4 1]l
m £ %l
g B Connect
== Disconnect

Clear Attribute

Promote to Top Level

Figure 40 - PWM[3] Promote to Top Level
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6. Modify the PWM[3] port as shown in below Figure 41. Enter the name of the port as
MPM_Channel_7_DMPM_DB_APOL3_PWM_TRIM as shown in Figure 42.

A Connect

== Disconnect

B Unlock Position for Auto Arrange

L ferl

Hide Met
Rename Net...

Modify Port

Rename Top Level Pin

Delete Top Level Port

Clear Attribute
Invert

Tie Low
] Tie High

Mark Unused

MPM_PWM_Trimming_Outputs
POLK TACHINT [ . Add Pins to Group

FRESETN PAM4:1]E
LB RGN 1 A g
Wi
PWM]

5 PN Chamel 7 TWPW TE AP P TRIRD)
& u#—I p & WP Channel 1TV 5 APCLT_PH TRIN)

Figure 41 « PWM[3] Select Modify Port

@ Modify Port - PWM |2
Name:

Direction:

Input
@ Output

Bi-directional {inout)

Help ] [ oK l [ Cancel

[« — a

Figure 42 » Modify Port Dialog Box
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7. Select Mark Unused for PWM[4] as shown in Figure 43.

o

w

MPHM_PWM_Trimming_Outputs

POLK TACHINT b X
REETH P4 11
LB ROHIN] r
MM ||}-] Connect
L U Disconnect

Fw

Promote to Top Level

Clear Attribute
Invert

Tie Low

Tie High

Tie Constant
Mark Unused

Add Pins to Group

Figure 43 - PWM[4] Mark Unused

8. Save the design, right-click the SmartDesign canvas, and generate the

Figure 44.

component as shown in

555 BEiEg H
M P29

Generate Component

Connection Mode

BE Auto Connect
[ ]
jm ]

Add Port...
Madify Memory Map...

VAR
LBIO 16 D
IO 16 E
£
S
=3
=
&
:.
= IR
5 @
]
3
)} i
A 2

Auto Arrange Instances

=7  Route All Nets

% Hide Mets

#, ZoomlIn

), Zoom Out

Zoom To Fit

Figure 44 + Selecting Generate Component
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9. In Libero project flow, after compiling, in I/O attribute editor, select corresponding pin number for
the port MPM_Channel_7_DMPM_DB_APOL3_PWM_TRIM as shown in Figure 45. Select
Commit and Check from the File menu and close the window.

# MultiView Navigator [SmartFusion MPM_Reference_Design] - [0 Attribute Editor]
S File Edit View Logic Format Tools Window Help

o eem—— — - -

& # 7 « 8 B E kS On
=l
e | [ S RPN S O = N P = = ) E T
&k \\SF_MPM RefDe 7 DMPN_DB_APOL_EN ADLIBTRIE. 18 Barkcd B Figh None = 0 3 ]
&1 \\SF_MPM_RefDe 3 DMPM_DB_APOL2_EN ADLIB:TRIB. V3 Barkc B High None. - 3 O
g: :Ei-mm-xgz 5 DVPH_DB_APOL3_EN ADLIETRIE. AR5 Barkd g Figh None. = E3 &
- &0F \\SF_MPM_RefDe 10 DVFH_DB_DFOLT_EN ADLIETREE. Uz Barkcd g High Nane = E3 0
&k \\SF_MPM_RefDe T DMPN_DB_DPOL2_EN ADLIETRIE. T Bark 8 High None = 3 &
&1 \\SF_MPM_RefDe 2 DMPM_DB_DPOL3_EN ADLIBTRIB. A2 Barkd B High None - T 8
g: :ﬁi:mm:gg: 3 DNPW_DB_LED_DO_N ADLIBOUTE. Vi Barkd 8 Figh None. = ES &
& \\SF_MPM_RefDe T2 DUPN_DE_LED DI N ADLIEOUTE. R% Barkd g Figh Norie = 3 g
ATF \\SF_MPM_RefDs 15 DVPW_DB_LED_D2Z N ADLIBOUTE. Wi Barkd 8 High None = @] 3 &
&1 \\SF_MPM_RefDe i DMPM_DB_LED_D3_N ADLIBOUTE. ¥ Barkd B High None - @] 5 B
g :ﬁ?mgmgg: 17 DNPW_DB_LED_D4 N ADLIBOUTE. ART Barkcd 8 Figh None. = O E3 =]
8 \\SF_MPM_RefDd 8 DVPW_DB_LED_D5 N ADLIBOUTE. Uz Barkd g Figh None. = O E3 &
2 \SF_MPM RelDe= | 79 DMFW_DE_LED_D6 N ADLIEOUTE. V2 Barkcd g High Nane 0 E3 0
B \SF_MPH_RefDe 20 DNPW_DB_LED_D7_N ADLIBOUTE. w2 Bark 8 High None = @] 3 &
g: :&E:xm:xg: 21 12C_0_SCL ADLIBBIBUL 7] BarkcZ 8 Figh None. 0 @] % 8
8 \\SF_MPM_RefD 2 T2C_0_SDA ADLIBBIEL. 7] BarkcZ g Figh None. O O E3 &
@ \\SF_MPM_RefDe P2 12C_1_5CL ADLIB:BIEL 120 Bank2 8 High None N 0 3 ]
8% WSFWPM_RelDy | 57 12C_1_5DA ADLIB:BIB V22 Bark2 g Figh Nore. 0 0 5 O
g: tgi:xm::g: % WMPM_Channel__DMPN_DB_APOLT_3P3V ADLIBI0PA w3 Barkc3 E Low = - - = B B
8 \\SF_MPM_RefD 3 WMPM_Channsl_1_DMPM_DB_APOLT_PWNL_TRIM ADLIBOUTE. ] Bark 2 High None 0 & O
B \SF_MPM_RefDe 27 WPM_Channel_1_DMPM_DB_APOLT_SDD_TRIM ADLIB10PA 7 @ Barkd B B - = = = @ @
B \\SF_MPM_RefDe 28 MPH_Channel_2_DMPM_DE_AFOLZ_TP5V ADLIEIOFA. iz @ Bank3 = Low = = = O 0
g: tg;’mm’gg: 2 WPM_Channsl_2_DMPM_DB_APOLZ_PWNL_TRIM ADLBOUTE..| P2 El Bankb 12 High Noro 3 B 0o
A€ \SF_MPM_RefDe £ WMPM_Channel_2_DMPM_DB_APOLZ_SDD_TRIM ADLIBI0PA Yi7 Baricd E E = = = = 8 8
B8 \\SF_MPM_RelDe B WP _Channsl_3_DMPM_DB_DPOLT_FG ADLIEINBU B2 Barkd - - Up O - - &
G WSFMPMRED || 59 VPN _Crannel_4_DMF_DB_DPOLZ PG ADLENEU.. | ABZ Barkd - - 3 0l = = O
g: g;::g:?g:::ég 3 WPM_Channsl_5_DMPN_DB_DPOL3_PG ADLIEINBU 2 Bark - - Up 0 - - &
&1 AZF_BOARD_LED ] WPM_Channel_6_A2F_BOARD_RV1_POT_2P56V ADLIBI0PA Y7 Baricd E Low = - - - 8
a1 A2F_BOARD_LEC % WPW_Channel_7_DMPM_DB_APOL3_1PSV ADLIEI0PA Yiz Barkcd - Low - - - =]
@ AZF_BOARD_SW
- &k A2F_BOARD_SW. 5 ]
Tk CorAPE3_D ) » O
P VD 38 WMPM_PMBus_SDA ADLBEBBUF | E2 Barks 0 3 &
D 3 WPW_PMBus_SMBALERT ADLBBBUF | G# Barks 2 Figh Nore 0 % 0
D N2 20 WSS_RESET_N ADLIBINBU. R Barkd S 5 None. O - = O
N : s sl E VAREFD ADLIE1GPA Ui Barkd = Low E - - - &

Figure 45  Selecting Pin Numbers in the 1/0 Attribute Editor

10. Perform the place and route and program the FPGA.
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Adding a New DPOL Channel to MPM Reference Design

The DPOL for the channel must be connected to the MPM PMBus and each DPOL on the MPM PMBus
must obviously have a unique 12C/PMBus slave address. MPM GUI uses I12C/PMBus slave address to
get the details of the DPOL. Follow the below steps to add the new DPOL channel. Assuming you are
adding new channel of DPOL as 8th channel.

1. Open the SmartDesign MSS configurator from Libero-Project Flow and double click GPIO block
to configure and select Input for GPIO_16 for the Power Good (PG) DPOL output signal as
shown in Figure 46.

[, Configuring MSS_GPIO_0 (MSS_GPIO - 1.0.101) E=Aial
Multiplexed With SPI0 Peripheral Dedicated Ij0s -

GPIO_19: UseasMSSI/OPad |MNotUsed - ¥20  or connect to Fabric |Not Used -
GPIO_18: UseasMSSI/OPad |MNotUsed - W19 or connect to Fabric |Not Used -
I GPIO_17: UseasMSSI/OPad |NotUsed - V18 or connect to Fabric |MNot Used - f

GPIO_16: UseasMSSIfOPad |MotUsed U17  or connect to Fabric
Multiplexed With M55 User I/0s
I GPIO_15: Use as MSS /O Pad ¥3  or connect to Fabric | [0t Used
GPIO 14 Use as MSS /O Pad AB3 or connect to Fabric | Mot Used

GPIO_13: UseasMSSI/OPad |Imput AB2 or connect to Fabric |Mot Used

| (e - o) [ ]

4

Figure 46  Configuring MSS GPIO

2. Ensure that resistor pull up for GPIO_13, GPIO_14, and GPIO_15 ports in /O Editor of MSS
configurator as shown in Figure 47.

’_E 57 1P _Refesin s [ | B smartfuson MPM Reference Desion 1) | Reports 1)

Port Name Direction Pin Number Bark Name 1/0 Standard Output Drive (ma) Slew Resistor Pull mitt Trigg|  Skew OutputLozd (oF) Hot Swappable
MSSPWDATA[16] output — - — - — — — — — —
MSSPWDATA[17] Output - - - - ~ — ~ - - -
MSSPWDATA[ 18] Qutput - - - - - - — — — -
MSSPWDATA[19] Output - - = = = = ~ — - -
MSSPWDATA[20] Output = = = = = = - - - -

129 || MSSPWDATA(21) Output = = = = = = - - - -
130 || MSSPWDATA[22) Output — - — - - — - — — —
131 || MSSPWDATA[23] output — — — — — — — — — —
132 || MSSPWDATA[24] Output — — — — — — — — — —
133 || MSSPWDATA[25] Output - - - - ~ — ~ - - -
134 MSSPWDATA[26] Output - - = = = = ~ — - -
135 | MSSPWDATA[27) Output - - - - = = = = - -
136 || MSSPUDATA(28] Output = = = = = = = - - -
137 || MSSPWDATA[29] Output — - — - - — - — — —
133 || MSSPWDATA[30] output — — — — — — — — — —
139 || MSSPWDATA[31] output — — — — — — — — — —
140 || MSSPWRITE Output - - - - ~ — ~ - - -
141 |SDDO Output vz Barks. W - - = O [ = O
142 | |SDDL Output vi7 Bark3. WM - - = O ] = O
143 | VAREFO TInput U0 Bank3 wm - Low - = ) - =)
144 VAREF L Input AB1L Bark3 wm - Low - ] = = =
145 | VAREF2 Input Ti4 Bank3 W - Low - o ) - J
146 | F2M_GPI_16 nput — — — — — — — — — —
147 ||GPIO_15 IN Input ¥3 Barks W - - - I up - | a al =
148 ||GPIO_14 IN Input AB3 Banks W v - - I up - | a al =
149 [GP10_13.1 = ™ = 7

Figure 47 + 1/0 Editor
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Follow the section Adding a Channel to CoreGPIO to Generate Enable Signal to generate the
enable signal for the new channel of DPOL. While adding new channel to CoreGPIO, you have to
perform the following steps.

Select TRIBUFF for 10_17 of MSS 1/O block.

Refer "Changes in Softconsole" on page 36 to update eNVM firmware client.
Select Tie Low for IO_17_D port of SF_MPM_RefDesign_MSS

Select Invert for IO_17_E port of SF_MPM_RefDesign_MSS.

Modify the 10_17_PADTRI pin of SF_MPM_RefDesign_MSS and enter the name as
DMPM_DB_DPOL4_EN.

To add GPIO_OUT[6] to MPM_GPIO_Regulator_Enables, configure GPIO_OUT[31:0] as
shown in Figure 48.

rEI Edit Slices - GPIO_OUT[31:0] l @ -ihl"
Create 32 * | slices of width
GPIO_OUT[31:0] <@ Left Right
0 0
2 1 1
3 2 2
(ol = |
5 3 3
6 4 4
7 5 5
| 8 6 6 |
o) ot
L —_—

Figure 48 » Configuring GPIO_OUT[31:0]
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— Connect GPIO_OUT[6] port of MPM_GPIO_Regulator_Enables to 10_17_E port of
SF_MPM_RefDesign_MSS. Now the CoreGPIO (MPM_GPIO_Regulator_Enables) block is
similar to Figure 49.

DMPH DPOL3 PG p PI0_15 IN
i DPOLD PG b FI0_14 IN
DPOLL PG pFI0_13 IN
MEM DB AFCLT 5V b MPM_Chamnel_1_DMPM_DB_APCL1_P3V

3ARD AV1 POT 2056V b MPM Chamel 6_AZF_BOARD_RV1POT P56V

v

b VAREFO

VAREET b VAREF 1
TP DB AFCL) 5V § MPM_Chamnel_2_DMPM_DB_APCL2_1P5V
TFM DB _APOLS 5V B b MPM_Chamel 7 DVPM_DB_APCLI_IPSV
[VAREFZ AREF2
T PMBLs_SVEALERT L|
1o
_DMPM_C6 DPOL PGB¥
o
@
2
ql
o
i
&
2
E
%I
= el
\
o
&
CoreAPB3_0 4 L]
G w =
]
o

MPM_GPI0_Regulator_Enables
PRESETN
PAK

2 GPIO_IN[31:0]

GPID’UUTH
GPIC_OUT[ 1]
GPIC_OUT[0)]

G

Figure 49 « CoreGPIO Block After Configuration

4. Right-click the F2M_GPI_16 pin of SF_MPM_RefDesign_MSS and select Promote to Top Level
as shown in Figure 50.

mJ SF_MPM_RefDesign_MS5.
CEzE=r i P s
- =
;e
oz
e
miie
;oioe
oine
oED
o
oED
— mar
i)
—eE20
L)
X308
=
mie
B
FIN_FLS
Lo
Fa_
Eate]
Uhamndl_ 1L oee_ SOl ST
o o _wm iy
) " S a_por
]
b
f_channd_7_ompn_oE_aPoLs_ 1oy
Az
1pxmien
=l
n_l;ﬂ
" Baitsgen
B4 Connect
== Disconnect
Promote to Top Level .
OueRFIELD Clear Attribute I
Invert ——
Tie Low —
Tie High %:I_

Figure 50 » Promote to Top Level
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5. Right-click the F2M_GPI_16 pin of SF_MPM_RefDesign_MSS and select Modify port as shown
in Figure 51. Enter port name as shown in Figure 52 on page 34.

mJ SF_MPM_RefDesiyn_MSS
=T rem_peser
I s
;120
TIiE
110
m11E
Eoatr]
TI0E
EEN]
o5
o]
— T
(Frr o ]
L]
—$=="
e
=23
]
o1
]
1 n
rr@im
PN
] N
Th a1 oLL S L+
L L AT 1emy
th SR N PO -
“ammm
mmmrL
o charred_7_peme,_ 2_o083 1omv
wE
Apmino
pmee
170
1 T1iE

B Connect

== Disconnect

B Lock Position for Auto Arrange —n
—
Hide Met ;
Rename MNet...
Modify Port

— Rename Top Level Pin

Delete Top Level Port

Figure 51 » Selecting Modify Port

" Modify Port - F2M_GPI 16 B e

Mame: MPM_Channel_8_DMPM_DE_CPOL4_PG
Direction:
@ Input
Output

Bi-directional (inout)

[ Help ] [ Ok ] [ Cancel

[ — —

Figure 52 « Modify Port Dialog Box

6. Save the design, right-click the SmartDesign canvas, and generate the component as shown in
Figure 44 on page 29.
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7. In Libero project flow, after compiling, in I/O attribute editor, select corresponding pin number for
the port MPM_Channel_8 DMPM_DB_DPOL4 PG and select Up for Resistor Pull as shown in
Figure 53. Select Commit and Check from the File menu and close the window.

£ MultiView Navigator [SmartFusion_MPM_Reference_Design *] - [I/O Attribute Editor]
“E File Edit View Logic Format Tools Window Help

"L - .- - - JE THEE.SS 2

BISlB =0T «a By E-E %%
S
T | [ N - o T [ S [ P R e
&1 \WSF_MPM_RefDc B DMPM_DB_APOLZ_EN ADLIB. TRIB.. Barkd | LVITL B Figh None, = 0 35 0
&l \\SF_MPM_RefDe ) DMPM_DB_APOL3_EN ADLIB-TRIE. Barkd LVTTL ] High None. - 0 E @
g: :S;jmmj:g: 0 DMPM_DB_DPOLT_EN ADLIBTRIE. Bakd | LVITL 8 High None - O ES O
odlE \\SF_MPM_RefDe 11 DMPM_DB_DPOLZ_EN ADLIB:TRIB.. Bakd | LVITL ] High None. = 0 35 0
1 \WSF_MPM_AefDs B DMFM_DB_DFOL3_EN ADLIB TRIB. Barkd | LVITL g Figh Hone: - @] E3 @]
& WSEMPM Ry || [ DMPM_DB_OPOLA_EN ADLIB:TRIE.. Berkd | LVITL B Figh None - 0 3 O
g: :&E:mm:zg: mn DMPM_DB_LED_DO_N ADLIB-OUTS. Barkd | LVITL g Figh Hone. - B ES @]
BT \SF_MPN_RefDe 15 DMFM_DB_LED_D1_N ADLIBOUTS. Bakd | LVITL 8 High None - O ES O
& \\SF_MPM_RefDe G DMPM_DB_LED_DZ_N ADLIB:OUTS. Bakd | LVITL ] High None. = 0 35 0
&l \\SF_MPM_RefDe 17 DMPM_DB_LED_D3_N ADLIB-OUTE. Barkd LVTTL ] High None. - 0 E @
g: :S;jmmj:g: I3 DMPM_DB_LED_D4_N ADLIBOUTS. Bakd | LVITL 8 High None - O ES O
o WSF_MPM_RefDe g [19 DMPM_DB_LED_D5_N ADLIB:OUTS. Bakd | LVITL ] High None. = 0 35 0
8 WSF_WPM_ReiDy | [0 DMPM_DB_LED_D6_N ADLIB-OUTS. Barkd | LVITL g Figh Hone: - B £ @]
B \\SF_MPM_RefDe 21 DMPM_DB_LED_D7_N ADLIB-OUTE. Barkd LVTTL g High None _ 0 E 0
g: :g;mmigg: 2 12C_0_SCL 12C_0._. ADLIB:BIBU. Bank2 LVTTL 8 High HNone Ol E 35 E
B6E \SF_MPM_RefDe ) 12C_0_SDA [2C0_. |ADLIEBIEU. Bak2 | LVITL 8 High None O O ES O
B \\SF_MPM_RefD 24 12C_1_SCL 12C 7 ADLIEBIEL.. Bark2 LVTTL 8 High None ] 0 35 0
B \\SF_MPM_RefDe 75 12C_1_SDA [Fo ADLIB:BIBL Bark2 LVTTL ] High None. O 0 E @
g; :S;jmmj:g: 2 MFM_Channel_1_DMPM_DB_APOLT_3F ADLIBIOPA Bak3 | LVITL E Low E - - z O
odlE \\SF_MPM_RefDe 27 MPM_Channel_1_DMPM_DB_APOLI_P. ADLIB:OUTS. Bakl | LVTTL 1z Figh None - ] 35 0 W
B \WSF_MPM_ReDe ) WPM_Channel_1_DMPM_DB_APOLT_S ADLIBIOPA Barkd | LVITL = = = - = = 0 O
B \\SF_MPM_RefDe E) MPM_Channel_2_DMPM_DB_APOLZ_1P ADLIBIOPA. Bark3 LVTTL - Low - _ ~ O O
g: t@iﬁmﬁgj 30 MPM_Channel_2_DMPM_DB_APOLZ_P. ADLIB:OUTS. Bak5 | LVTIL 1z Figh None - 35 0 W
B \SF_MPM_RefDe B WPM_Channel_2_ DMPM_DB_APOLZ S ADLIBIOPA Bark3 | LVITL = = = - - = B W
a8 WSF_MPM_AiDs | |32 MFM_Channel_3_DMPM_DB_DFOL1_FG ADLIBINBU Barkd | LVITL E E 3 O - - O ]
BB \\SF_MPM_RefDe £ MPM_Channel_4_DMPM_DE_DPOLZ_PG ADLIBINBU Barkd LVTTL = = Up - - @ ]
g; }\\SFE%TFA@TSE En MFM_Channel_5_DMPM_DB_DPOL3_FG ADLIBINBU Bakd | LVITL E E Up - - O &
odlF AZF_BOARD_LEC 3 MPM_Channel_6_A2F BOARD RV1_PO ADLIB:IOPA.. Bark3 | LVTIL E Low = - - - 0 0
a1l A%F_BOARD_LEC £ WPM_Channel_7_DMPM_DB_APOL3_1P ADLIBIOPA Bark3 | LVITL E Tow E - - - @] W
g: ﬁ%ggﬁggéi‘f 37 MPM_Channel_7_DMPM_DB_APOL3_P ADLIB-OUTE. _ 0 S B 0
1} A2F_BOARD_SW. i SDERENED [}
T CoreAPBI0 MPM_PMBus_SCL ADLIB:BIBUF & 5 0 ]
T INVO ) MFM_FMBus_SDA ADLIB BIBUF 0 ES O O
: et a1 MPM_PMEus_SMBALERT ADLIBBIEUF & 3 0 0
P T [= WSS_RESET N ADLIBINEU - = B

Figure 53 * Selecting Pin Numbers in 1/0 Attribute Editor

8. Perform the place and route and program the FPGA.
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Changes in Softconsole

If you are adding the new channel of APOL, delete mss_ace folder under drivers_config folder and add
the same from firmware folder (C:\Microsemi\SF_MPM_RefDesign_v4.0\design_files\Libero_project\
SF_MPM_RefDesign\firmware\drivers_config).

SC C/C++ - mpm_reference_design/mpm/mpn
File Edit Source Refactor MNavigate Se

v | ) g FiiY @ M
L[ Project Explorer 23 =0
==

.
Lk

-

4 5% mpm_reference_design
> g@b Binaries
> [a Includes
> = CMSIS
> = Debug

> §= drivers
4 (= drivers_config
= ha
4 = mpm
> [H mpm_config.h
> Lh] mpm.h
=l mpm-debug-in-actel-smartfus
=l mpm-production-boot-from-e
> = oled
> [ Release
> [= tiny_printf
» | €] main.c

Figure 54 + SoftConsole Project Explorer

If you are adding the new channel of DPOL, do the following changes to mpm.c file.

1. To configure the port MPM_Channel_8 DMPM_DB_DPOL4_PG, add the configuration code to
the function mpm_init_engine() as shown in Figure 55.

/* MPM Channel 3 DPOL 1/2/3/4 with PGs on M55 GPIO /15/16 */ |
HSE_GPIO config| ) 13, M55 GPIO INPUT MODE | MSS GPIO IRQ EDGE BOTH);
M55 GPIO_config| GPIC 14, MSS_GPIO_INPUT MODE | MSS_GPIO IRQ EDGE BOTH) :

M55_GPIO_config (MSS GPIG 15, MS5_GPIO_INPUT MODE | MSS_GPIO_TRQ EDGE_BOTH):

|HSS_GPIO_config(MSS_GPIG_iS, MSS_GPIC_INPUT MODE | MSS_GPIO_IRQ EDGE_BOTH) ; ‘

MSS_GPIO enable irg » GPIO 13):
M55 GPIO enable irg : GPIO 14):
MS5_GPIO enable_irg(MSS GPIO 15);

|MS S GPIO_enable 1rq(MSS GPIO 16):

Figure 55 * Configuring MSS_GPIO_16

2. Add the following IRQHandler to mpm.c file

__attribute ((_ interrupt )) void GPIOl6 IRQHandler (void)
{
mpm_dpol pg changed(8, (MSS GPIO get inputs() >> MSS GPIO 16) & 1);
MSS_GPIO clear irqg(MSS_GPIO_16);
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Now build the softconsole project in release mode. Use the *.HEX file from release folder
(C:\Microsemi\SF_MPM_RefDesign_v4.0\design_files\SoftConsole_workspace\SF_MPM_RefDesign\m
pm_reference_design\Release) in MSS eNVM client under MPM_Firmware as shown in Figure 56.

eNVM: Maodify core - MSS_ENVM_0*

9 X

Aailable client types

User Clients in eN'h

f¥| Data Storage

Initialization Depth | Start Page o
Data Storage Client Type Client Name X Address Order Lﬂd(mgm
Width | (hex) | Stant End
1 @ Data Storace MFM_Corfigurati.. | 832x32 | 3E000 | 1984 2009 N/A
Add to Systen.. 2 @ o ge 0

Usage Gtatistics

Modify Data Storage Client

4037
463
3624

Awailable Pages:
Used Pages:

Fies Pages:

Reserved Region
OxEQ07FEED0 -
OxE007FFFF
eNVi Blacks
Clignt in black 0

Client in both 0 and 1

Client in block 1

Hep | Opinize

Ready

Client name:
ehWM
Content:
@ Memony file:

Format,

C:\MicrasemisSF_MPM_FiefD esign_v4 Dhdesign_

IntelHex = | Browse. |

() No content [client is a placeholder)

6 Use absolute addiessing

Start address: 'Y
Size of word
Hurnber of words:

JTAG Protection
[7] Presvent read

1}

35428 (decimal]
[] Prevent wite

o

Figure 56 * MSS eNVM MPM_Firmware Client

After following above steps, generate the *.stp file from FlashPro and copy the same to
C:\Microsemi\SF_MPM_RefDesign_v4.0\template.

Now from MPM GUI, choose the above generated *.stp file by selecting Choose STAPL Template option
and load the default settings by selecting Load Values option from File submenu as shown in Figure 57

MPM GUI Menu.

Now you can set the all fields in GUI for your added channel(s) and click Write NVM & Fabric.

,& Mixed-signal Power Manager (MPM) - SF_MPM_Reference_Design.txt

View Help

FlashPro
jrie
File

Create Memfile

1 5F MPM_Reference Design.bet

Exit

2 CAMicrosemi\SF_MPM_RefDesign_v4.0%bin\5F_MPM_Reference_Design.tut

3 C\Microsemit\SF_MPM_RefDesign_w4.0\bin\5F_MPM_Reference_Design_wrking bt
4 C\Microsemil\SF_MPM_RefDesign_vd.0\bin\5F_MPM_Reference_Design_nol.bd

Write NVM & Fabric
Write NVM

Choose STAPL Template
Locate FlashPro Executable
Flashpro Setup

REIrATe

Rail A17 ovi:
S

3465

my

Trim Low ¢ | 850

mv

my

my

my

Figure 57 « MPM GUI Menu
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Appendix A

Design Files

You can download the design files from the Microsemi SoC Products Group website:
www.microsemi.com/soc/download/rsc/?f=A2F _AC385_DF.

The design file consists of Libero SoC projects and SoftConsole software projects. Refer to the
ReadMe.txt file for directory structure, description, and software versions.

You can download the programming files (*.stp) in release mode from the Microsemi SoC Products
Group website: www.microsemi.com/soc/download/rsc/?f=A2F _AC385_ PF.
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