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AN78646 describes the key concepts of power management, including voltage sequencing, fault detection, voltage and

current monitoring, real-time trimming, and 1°C host communication. The associated example project delivers a fully
integrated power management system solution.
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Introduction

Computing and communication systems are complex and
comprise multiple subsystems. Each subsystem can have
its own voltage domain, which is also known as a power
rail. Each power rail needs to be powered up and
monitored individually. This creates a need for power
management. Because this activity is a health indicator of
the system, it cannot be incorporated in any of the
subsystems. For this reason, a dedicated chip is used.

Power management consists of the following parts:
e accurate and reliable voltage sequencing
e rapid power rail fault detection

e voltage and current monitoring of power rails to
optimize power consumption

e real-time trimming for closed-loop control of
power converters (voltage regulators)

e in-system margining
e fault/event logging in EEPROM

e communication with the host controller using IZC,
SMBus, or PMBus

Power management solutions are traditionally
implemented using complex PLDs (CPLDs), FPGAs,
ASSPs, and discrete analog components. Often these
solutions are not cost-effective because they offer limited
scalability and customizability. PSoC 1 has a unique
architecture with programmable digital and analog
resources that enable system designers to implement
power management functions with the smallest-solution
footprint and lowest BOM cost. Also, system designers
can use PSoC Designer to make PSoC 1-based scalable
and customizable power management system solutions.
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The concepts of power management are explained
through an example project that uses the CY8C28645
device:

m  Time-based voltage sequencing

m  Under Voltage (UV) and Over Voltage (OV) fault
detection

m  Voltage and current monitoring

®  Real-time trimming

m  System configuration over I°C with on-chip EEPROM

storage for system parameters.

In-system margining, fault/event logging, SMBus features,
and PMBus features can also be incorporated with
firmware modifications to the example project without any
additional hardware resources.

The example project uses the CY8CKIT-001 PSoC
Development Kit (DVK) with the CY8C28 Family

Processor Module and the CY8CKIT-035 Power
Management Expansion Board Kit (PM-EBK) to
demonstrate the previously described features. The PM-
EBK enables system designers to evaluate power
management functions and capabilities of the PSoC
architecture.

The following section explains the functionalities of power
management with details on their requirements and their
PSoC 1 implementation.

PSoC 1 Power Management Solution

PSoC 1 has a unique programmable architecture that
consists of configurable analog and digital blocks. These
blocks create peripherals, such as ADC, Timer, Counter,
PWM, DAC, and Amplifier, that allow system developers
to build a fully integrated, single-chip system solution.

Figure 1 shows the PSoC 1 implementation of power
management.

Figure 1. PSoC 1 Power Management Solution Block Diagram
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Voltage Sequencing

Voltage sequencing is a major function of any power
management IC. The supply voltages to different sub-
systems of a complex system are required to be
sequenced, depending on operating conditions such as
power up, power down, and fault conditions to ensure
proper operation of all the devices. As the system
becomes more complex, the number of different supply
voltages in a single system increases. Therefore, an
accurate and reliable power sequencing solution is
required.

During powering up of the system, each of the voltage
regulators needs to be powered up one after another in a
sequential order with programmable delays between each
of them. During sequencing, the controller enables the
voltage regulator, monitors its rail for the voltage level, and
proceeds to the next rail only if the voltage level is within
the user-defined UV/OV range. If any power rail does not
reach the expected voltage level, the controller has to
indicate a sequencing fail. For this implementation, the
following resources are needed:

m A 16-bit counter for generating user-defined delays.
Two digital blocks of PSoC 1 are used to create a 16-
bit counter with a 50-KHz internally generated clock
as the time base, which gives the maximum counting
time interval of 1.31 seconds before overflowing. The
API provided can be used to generate a time delay
from 1 msec to 1310 msec in steps of 1 msec.

m  Four GPIOs to enable or disable four voltage
regulators on the CY8CKIT-035 board.

m A Power Good (PGOOD) signal that indicates the
correctness of the voltage on a particular rail. The
PGOOD signal can be generated by either the
regulator or the controller. Currently, it is generated by
PSoC 1 using a window comparator. The window
comparator is explained in detail in the next section.

The voltage sequencing algorithm has the following
parameters:

m  Sequencing Mode: This indicates the sequencing
order in which the four rails have to be powered up.
Six different modes are available.

m  Ramp Delay: This indicates the time that the
sequencer has to wait before monitoring the rail for its
goodness (checking the PGOOD) after the regulator is
enabled.

m  Slot Delay: This indicates the time that the sequencer
has to wait before sequencing the next rail after the
current rail has been verified with the correct voltage
(PGOOD =1).

In this implementation, when a sequencing fail occurs, all
the regulators are disabled simultaneously. An error
message along with the rail number that is faulty displays
on the LCD. With minor modifications to the firmware, you
can easily implement power-down sequencing in different
orders when a power fail occurs.

Figure 2 shows the timing diagram of a typical voltage
sequencer with four power rails. Figure 3 shows the flow
chart for voltage sequencing.

Figure 2. Timing Diagram of Voltage Sequencer
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Figure 3. Flow Chart of Voltage Sequencing Firmware
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UV and OV Fault Detection

Fault detection is a critical function of a power
management controller. Each subsystem has a strict
power supply operating range for its reliable operation. To
ensure reliable operation of the subsystem, it is necessary
to detect UV and OV fault conditions when any of the
supply rails deviates from its safe operating range.

There are two methods for detecting a power rail fault:

Using an ADC: An on-chip ADC measures the voltage
level of the power rail. The output of the ADC is compared
in the firmware against UV and OV threshold voltages.
When the ADC output is not within these thresholds, it is
considered as a fault and the appropriate flag is set to
indicate the fault condition. It is an easy implementation
with fewer on-chip resource requirements. The drawbacks
of this implementation are:

m CPU will be 100% used for fault detection.

m  The fault detection latency depends on the ADC'’s
sampling rate, firmware execution time (CPU clock),
and number of power rails monitored. The latency
goes up drastically as the number of power rails goes

up.

End Sequencing

PGOOD[_ N
oK ?

Disable All Regulators,
Display Error Message

Is restart switch
pressed ?

m  There is no interrupt to indicate the fault condition.

Using a hardware window comparator: The voltage
level of the power rail is compared against the UV and OV
thresholds using two H/W comparators. If the voltage level
is not within these thresholds, the appropriate comparator
generates the fault signal. The advantages of this method
are:

m  CPU is not used.

m  The fault detection latency does not depend on any
firmware execution time. It depends only on the
number of power rails multiplexed for the fault
detection.

m  Configurable interrupt to indicate the fault condition.

Because of its superior response time, the window
comparator is selected for the fault detection in the current
implementation.

Figure 4 shows the block diagram of the fault detection
implementation for four rails in PSoC 1.
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Figure 4. Block Diagram of Window Comparator
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The UV comparator checks for under voltage fault; output
will be high if there is a fault. The OV comparator checks
for over voltage fault; output (after the inverter) will be high
if there is a fault. Eight-bit DACs are used to generate the
user-defined UV and OV thresholds.

When the inputs to the comparator become nearly equal,
the comparator’'s output may contain glitches leading to
unstable fault detection output. To reliably detect the fault,
you must ignore the rare glitches (transitions from 0 to 1
and 1 to 0) in the comparator’s output.

To do this, glitch filters are implemented at the output of
the comparators. The glitch filter will indicate a fault only
when the comparator indicates a fault for a sufficient
amount of time. This time required to get an accurate
PGOOD signal will be determined by trial and error. This
time depends on the glitch filter’s clock; for this reason, it
is programmable. In the current implementation, the glitch
filter waits for four updates of the comparator output. If all
four updates indicate a fault, the glitch filter asserts a
fault.. This way, you can eliminate any glitches from the
comparator whose time period is less than four updates of
the comparator.

Multiplexing must be done at the input of the window
comparator to find out faults on all power rails. To
efficiently monitor all power rails and to decrease the fault
detection time, multiplexing must be fast, and multiplexing
time must be deterministic. It should not depend on any
firmware cycle time.

To do this, use a counter to generate periodic interrupts.
Each time inside the ISR, the CPU changes the input to
the window comparator and resumes its hormal operation.
In the current implementation, the counter generates an
interrupt every 10 ps. Each rail will be monitored for 10 ps
out of a 40-pus cycle time.

UV Comparator

0V Comparator

UV Glitch
Filter
NOR Gate
—
\
| —>
—— PGOOD Signal
A routed to a GPIO
OV Glitch .
Filter 7
OV Fault indicator routed to
another GPIO

The PGOOD signal is the one that indicates whether the
voltage is within the UV/OV range. This is just a NOR’ed
signal of the OV and UV comparator outputs. If any fault
exists, PGOOD becomes 0 to indicate the fault. This is
routed to a GPIO, and its falling edge interrupt is enabled.
Whenever a fault occurs, the CPU will be interrupted. After
the PGOOD interrupt occurs, the OV fault indicator (which
is routed to another GPIO) is checked to find out whether
the fault was UV or OV. Within the ISR, all rails are
monitored and checked for their PGOOD status to capture
all faulty rails.

Detailed User Module (UM) and register-level
implementation of comparators, glitch filters, and other
finer details regarding the window comparator are
discussed in  Appendix A:  Window Comparator
Implementation.

The fault detection feature works based on the following
parameters:

m UV threshold percentage: This indicates the under
voltage threshold for the power rails in terms of —ve
percentage of deviation from nominal voltage.

m OV threshold percentage: This indicates the over
voltage threshold for the power rails in terms of +ve
percentage of deviation from nominal voltage.

Example:
If UV threshold = 5%, then the UV threshold voltage
= Nominal voltage * 95%.

If OV threshold = 5%, then the OV threshold voltage
= Nominal voltage * 105%.
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These voltages will be generated by the DAC. The window
comparator detects the fault when the input voltage
crosses these two threshold voltages.

Figure 5 and Figure 6 show the flow charts for fault
detection firmware.

Figure 5. Flow Chart for Initialization of Window Comparator and Multiplexing ISR
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Figure 6. Flow Chart for PGOOD ISR or Fault Detection ISR
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Voltage Monitoring

Voltage monitoring in a power management system
consists of measuring all of the rail voltages. Use the
measured rail voltages to trim and regulate the power
consumption, based on the load connected to the rail.
Also, the voltages can be communicated to the host so
that it can data log the information.

Voltage monitoring is not a time-critical feature compared
to sequencing and fault detection. However, it has critical
accuracy requirements. Measure the voltage with greater
accuracy if the trimming is done using these voltages.

The requirement for voltage monitoring is an ADC with
multiple input channels. The following applies to voltage
monitoring and PSoC 1:

End PGOOD ISR

t

Change the input to window
comparator depending on
channel no.

m A dedicated 10-bit SAR ADC has been used for
measuring voltages of four rails on CY8CKIT-035. The
reference for the ADC is derived from the on-chip
Reference generator mux (RefMux) and the
conversion range has been selected with 0 to 4.16 V.
To measure the 5.0V rail, it has been scaled down to
2.5V by using the voltage divider on the EBK.

m  The measurement is done in one-shot mode. The
ADC will be triggered for each measurement.

m  Because the measured voltage is used for trimming,
the voltage measurement and trimming are inter-
related and occur sequentially.

m  The four rail voltages from the EBK are multiplexed to
the same SAR ADC.

Figure 7 shows the flow chart for voltage-monitoring
firmware.
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Figure 7. Flow Chart for Voltage-Monitoring Firmware
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Current Monitoring
Current monitoring is implemented using a 14-bit A~ ADC.

The AX ADC works with same reference voltage as that of
SAR ADC; therefore, the conversion range is from 0 to
4.16 V. All four rails are multiplexed to the same AX ADC
for the current measurement.

m  For rail 1 (5.0 V), a high-side current sense amplifier
on the EBK provides a single-ended output and is
measured by the ADC in single-ended mode.

m  For the remaining three rails, the differential mode of
the ADC is used to sense the current from shunt
resistors that are placed on high sides of the rail in the
EBK. Two Programmable Gain Amplifiers (PGAs) with
unity gain are used as buffers for differential signals.

m  To nullify the offset and gain errors of the ADC, the
zero voltage reading and the full-scale reading are
measured and stored during startup. These are used
to remove the effect of errors from further ADC
readings.

At the time of multiplexing, after the input to the ADC is
changed, three samples of digital data must be discarded.
This is required because the DelSig works by
oversampling the input and decimating the single-bit
results. Because all output data will be dependent on
analog input over a period of time, the conversions that
happen just after changing the input will be improper and
invalid.

Figure 8 shows the flow chart for current-monitoring
firmware.
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Figure 8. Flow Chart for Current-Monitoring Firmware
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Trimming is the ability to control the output voltage of the
voltage regulator by providing the feedback to the
regulator in a closed loop fashion. This feature is
particularly attractive in two cases: (1) Systems that need
to be forward-compatible with new voltage levels for loads
such as next-generation memories or FPGAs, or (2) to
increase accuracy of the regulator output voltage.

System designers can use either DAC or an RC-filtered
PWM signal to control the regulator’s feedback input so as
to implement real-time trimming. The current example
project uses the second method. The tolerance limit for
each rail is defined by the user. When the monitored rail
voltage (see Voltage Monitoring) is outside of the
tolerance limit, the firmware changes the PWM duty cycle
in either direction. The resultant PWM signal is then
filtered by the external RC filter to generate the required
feedback signal. This action brings the regulator output
back within the tolerance limit.

The EBK has an RC filter for each regulator that does the
filtering. The filter has a 3 dB frequency of 159.15 Hz for
3.3V, 25V, and 1.8 V regulators. For a 5.0-V regulator, it
is 79.5 Hz. The PWM output frequency is selected such
that at least 60 dB attenuation is achieved. The input clock
for the PWM block is set at 48 MHz. For an 8-bit PWM
implementation, the PWM output frequency will be 187.5
KHz, which is greater than the 60 dB attenuation
frequency of 79.5K Hz, for a 5.0-V regulator, and 159 KHz
for the other three regulators, thus assuring the required
attenuation to generate stable analog output.

Choosing R1, R2, R3, R4 and C1:

Selecting R1 and R2 depends on the desired output
voltage (Vout) and the design guidelines for the particular
regulator being used. Refer datasheet of ADP3331 for
more information.

Select R3 to limit Vout to a desired maximum voltage. R3
controls the amount of influence that the filtered PWM
voltage has on the regulator output voltage, Vout. Choose
R3 such that VoutMax is below the desired maximum.
VoutMax occurs when the PWM duty cycle is 0%,
essentially adding R3 in parallel with R2 (assuming for the

moment that R4 is much smaller than R3 and, therefore,
R4 can be temporarily ignored). Then when the PWM
signal is at 0% duty cycle, Vfb is given by:

VoutMax R2 x R3
Vb = x
R1+ R2xR3 ™ R2+R3
R2 + R3
Rearranging for R3,
Vip X R1xR2

R3 =

1)

VoutMazX R2—Vpx (R1 x R2)

R4 and C1 form a low-pass circuit to attenuation of the
PWM signal and mitigate the ripple introduced at

Vfb and subsequently exposed on Vout. The corner
frequency, Fc, is given below:

1
Fr= ——mM8M
¢7 2xmxR4xCl
. _ 1
Rearranglng, R4 = W (2)

The amount of attenuation (in dB) of the PWM output
frequency (FPWM) is given by

Fe

20 x lo
gFPWM

For example, to attenuate Fewwm of 187.5 kHz by -40 dB,
then Fc should be 1.875 kHz. Using this Fc and picking a
C1 value, R4 can be found out from equation (2) above.

Note that R4 should be much smaller than R3 to minimize
changes to VoutMax from equation (1). A typically
reasonable ratio between R3 to R4 is on the order of 10:1.

The trimming feature works based on the “Trim
percentage” parameter. This configurable parameter
indicates the amount to which the rail voltage has to be
trimmed in terms of percentage of nominal voltage of that
rail. Each of the rails can have a different trim percentage.

Figure 9 shows the feedback circuit for real-time trimming.

Figure 10 shows the flow chart for real-time trimming
firmware.
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Figure 9. Feedback Generation Circuit With Voltage Regulator
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Figure 10. Flow Chart for Real-Time Trimming Firmware
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Configuration Over I°C With On-Chip
EEPROM

In some power management systems, the host processor
communicates to the power management controller over
I’C, SMBus, or PMBus for configuration, control, and
diagnostics.

In this implementation, a PSoC is configured as an 1’Cc
slave and can receive the system parameters required for
the operation from a host. PSoC 1 uses EEPROM to store
these system parameters and to retrieve them during the
next startup. These parameters are as follows:

m  Sequencing mode
®  Ramp delay for each rail

m  Slot delay for each rail

voltage < lower trim

voltage > higher trim

Measure the voltage of that rail using SAR
ADC

A

Increase the PWM duty
cycle

m UV threshold percentage
m OV threshold percentage

= Trim percentage for each rall

The default values for these parameters will be used only
when the controller is booted for the first time after
programming; they will be stored in EEPROM until new
values are received. The user can change the values of
these parameters by sending the 1’C commands from a
master (Bridge Control Panel or I°C-USB bridge). These
commands are explained in the next section. When the
controller gets the new values, it stores them in EEPROM.
These new values will be retrieved and used for the
operation after the controller is restarted.

Figure 11 shows the flow chart for I°C communication and
EEPROM storage.
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Figure 11. Flow Chart for I°C Communication and EEPROM Storage Firmware
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. m  CY8CKIT — 002, PSoC MiniProg3 Program and

Example With PM-EBK Debug kit (comes with CY8CKIT — 001) or
CY3217 — MiniProgl and CY3240-12USB Bridge
The example project is developed for the CY8C28645 .
PSoC 1 device using PSoC Designer. To demonstrate the = PSoC Designer 5.3 IDE
power drT]anagement functions, the following tools are m  Bridge Control Panel software (automatically installed
required. with PSoC Programmer).
m  CY8CKIT - 001, PSoC DVK
m  CY8CKIT — 020, processor module (included in
CY8CKIT — 001)
m  CY8CKIT — 035, Power management EBK
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Hardware Connections and Setup

Figure 12 shows the hardware connections and setup. A
custom cable was used for testing and development.

wure 12. Hardware Connections and Setup

VAN - Pin 22 PO[7]

V3P -Pin23  PO[4]

V3N-Pin24  PO[5]

V2P - Pin 25 PO[2]

V2N - Pin 26 PO[3]

Analog Input for SAR ADC and
Delsig —ve pin

Analog Input for Delsig ADC +ve
pin

Analog Input for SAR ADC and
DelSig —ve pin

Analog Input for Delsig ADC +ve
pin

Analog Input for SAR ADC and
Delsig —ve pin

11 - Pin 27 PO[0] Analog Input for Delsig ADC +ve
pin

V1 - Pin 28 PO[1] Analog Input for SAR ADC

AGND -Pin 29 AGND

DGND -Pin 37 GND
DVIN - Pin 39

DGND -Pin 40 GND

Digital Ground

VIN, 12V 12 V supply from DVK to EBK

supply
Digital Ground

2. Make sure no other pins on the EBK are connected
anywhere (NC). Pins P3[2] and P3[3] on the DVK
The steps to set up the hardware are as follows: should not be connected anywhere (NC), because
1. Consult Table 1 to connect the CY8CKIT-035 to P3[2] carries a PGOOD signal and P3[3] carries the
CYS8CKIT-001 QV fault indicator. Connect SW1 switch input on the
Table 1. Hard c i DVK to P2 [7] on the DVK.
able L. Hardware Lonnections 3. Connect LED1 to P1[3] on the DVK.
PME EBK Ports on 4. Jumper settings for CY8CKIT — 001 are shown in
(CY8CKIT - CY8CKIT I/0 with regard to PSoC Table 2.
035) Pins - 001 ]
Table 2. CY8CKIT — 001 Jumper Settings
V4EN - Pin 1 P3[6] Digital Output, Enable signal
V3EN - Pin 2 P3[7] Digital Output, Enable signal Jumper | Setting
V2EN - Pin 3 P3[4] Digital Output, Enable signal J6 VDD_ANALOG to VDD
V1EN- Pin 4 P3[5] Digital Output, Enable signal J7 VDD_DIG to VDD
AGND - Pin 9 AGND - J8 VDD to VREG
VA4S - Pin 11 P4[6] Analog Input for window
comparator J12 LCD POWER to ON
V3S - Pin 12 P4[7] Analog Input for window SW3 5V Position
comparator
V2S - Pin 13 PA4[4] Analog Input for window
comparator 5. Se_t CY8CKIT-035 to run f_r(_)m a 12-V DVK supply
_ - using J5 (Set J5 to DVK position).
V1S = Pin 14 P[] ?gglggrg:g:' SRl 6. Build the given example project and program the
: - : CY8C28xxx module using MiniProg3 or MiniProg1l.
TR4 —Pin 15 P412] Digital Output, Driven by PWM 7. Connect the 1°C-USB bridge or MiniProg3 between
TR3 - Pin 16 P4[3] Digital Output, Driven by PWM the PC and the 1°C header on the processor module.
. - . Open the Bridge Control Panel and connect to the
TR2 —Pin 17 PA[0] Digital Output, Driven by PWM Izc-USB/MiniProg3 in Bridge Control Panel.
TR1-Pin 18 PA[1] Digital Output, Driven by PWM 8. Power the CYS8CKIT-001 using a 12-V adapter.
AGND -Pin19 AGND -—--
V4P — Pin 21 PO[6] Analog Input for Delsig ADC +ve
pin
WWW.Cypress.com Document No. 001-78646 Rev. *B 14
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fault and the type of fault (OV or UV) as Figure 15

Executing the Project
shows. Press SW1 to restart the sequencing.

The following conventions are used for explanation:
Channel 1 ->5.0 V ralil
Channel 2 -> 3.3 V rall
Channel 3 -> 2.5 V rail
Channel 4 -> 1.8 V rail

Figure 15. Faults Displayed on LCD

The following events will occur after the DVK is powered
up with the 12-V adapter:

1. The regulators are turned on in a sequential order
with configured delays. This is indicated by the LEDs
on PM-EBK associated with each regulator. The
_?_ﬁ?ggfziﬂu:;lgmsga?gqer is Channel 1 -> 2 ->3 -> 4. To simulate individual rail faults, the voltage on that
Y ) particular rail has to exceed the UV/OV threshold.
Ramp Delays of all channels = 10 ms This can be done by disabling the trimming and
Slot Delays of all channels = 100 ms forcing the output of the regulator to cross the
2. The measured voltages of each rail will be displayed thresholds with suitable PWM duty cycle. Increasing

on the LCD as shown in Figure 13. The trimming
feature will be enabled for 1% threshold.

Figure 13. Voltages Displayed on LCD

If SW1 is pressed, the current delivered by each
regulator will be measured and displayed as shown in
Figure 14. Pressing SW1 again returns to the voltage
display mode.

Figure 14. Currents Displayed on LCD

Change the load resistances for each rail on PM-EBK
by varying the potentiometer connected to each rail.
This varies the current flowing through these loads.
The varying current will be displayed on the LCD.

Simulate fault detection by removing jumper J6 on
PM-EBK. This blocks the supply to the other three
regulators and generates a UV condition on Rails 2,
3, and 4. After the fault is detected, the LCD displays
the “Power Fail” Message and the rails that have the

the PWM duty cycle decreases the output, and
decreasing it increases the output. To disable
trimming for channel 1, comment out the line
"Trim_Regulator(CHANNEL_1);" in the
State_Machine.c file.

To configure the parameters, use the Bridge Control
Panel, which acts as an 1’c master, communicates to
PSoC (slave), and sends the parameters. Use this
command format in the Bridge Control Panel:

w  <7-bit Slave Address> <Write Address>
<Sequencing Mode> <Slot Delay 1> <Ramp
Delay 1> <Slot Delay 2> <Ramp Delay 2> <Slot
Delay_3> <Ramp Delay_ 3> <Slot Delay_4> <Ramp
Delay 4> <UV Threshold percentage> <OV
Threshold percentage> <Trim Percentage_1> <Trim
Percentage_2>  <Trim Percentage_3>  <Trim
Percentage_4> <Sync Flag>

Example: w 01 0 02 03 E8 01 F4 03 ES8
01 F4 01 F4 01 F4 01 F4 01 F4 4 4 2
22 21

Permitted values for each field:

Slave Address: Use the list option in Bridge Control
Panel to find out the 7-bit slave address. Use this for
the slave address.

Write Address: 0
Sequencing Mode: 1 to 6

Slot Delay: Integer value (hexadecimal, two 8-bit
fields in the command) from 1 to 1310 ms

Ramp Delay: Integer value (hexadecimal, two 8-bit
fields in the command) from 1 to 1310 ms

UV/OV  Threshold percentage: BYTE value
(hexadecimal); normally between 4% and 10%

Trim Percentage: BYTE value (hexadecimal);
normally 1% to 3 %.

Sync Flag: 1

Figure 16 shows the screenshot of the Bridge Control Panel software with the example command to be used.

Www.Ccypress.com
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Figure 16. Screenshot of Bridge Control Panel Software

B Bridge Control Panel

File Editor Chart Execute
Bewg e cEEER
Edtor | Chan [ Table [ Fle |

Tools Help

<

w 01 0 02 03 E8 01 F4 03 E8 01 F4 01 F4 01 F4 01 F4 01 F4 4 422 221p -

Select Port in the PortList, then try to connect
Opening Port

Successfully Connected to MiniProg3/1150DD000378
MiniProg3 version 2.05 [3.08/2.04]

Devices list: 8bit 7bit

address: 02 01

=7 Send all strings: [ C d 12C/SPI-USB .
M&‘J"* [ Bsend ] Repeat court: (el tiniProg3/115000000378. |
(oo | fPRepeat | iBofie

Scan period, ms: 0

‘@ 5
.

w 01+ 00+ 02+ 03+ E8+ 01+ F4+ 03+ E8+ 01+ F4+ 01+ F4+ 01+ F4+ 01+ F4+ 01+ F4+ 04+ 04+ 02+ 02+ 02+ 02+ 01+ p

Power
+5.0v @ I
+3.3V

[T1:78 [ Syntax:OK [ok

receives the

When this command is sent, PSoC
parameters and updates them to flash. While this
happens, an LED connected to P1[3] will blink. If there is
an error in writing to EEPROM, an error message “Error in
Writing to EEPROM, retry“ will be displayed on the LCD
for a 1-second duration. The parameters must be resent
from Bridge Control Panel. However, this error does not
affect any other functionality.

The next reboot of PSoC uses these parameters.
However, when a power failure occurs, and if SW1 is
pressed to restart the sequencing, the latest sequencing
delays will be used. Apart from sequencing delays, no
other new parameters will take effect immediately.

| Voltage: 5000 mV

Summary

This application note introduced power management
concepts and their implementation in PSoC 1, which
enables designers to quickly start developing their own
power management systems.

The unique ability of the PSoC architecture to combine
digital logic, analog signal chain processing, and a CPU in
a single device lets system designers integrate many
external fixed-function ASSPs. This powerful integration
capability not only reduces BOM cost, but it also results in
less congested and more reliable PCB layouts.
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Appendix A: Window Comparator Implementation
—§ U

Input to 2 comparators are from 2 analog Mux buses.
m Both of the mux buses are shorted. So, inputs for 2
ACCO00 comparators are same.

uv

Comparator Comparator T

These two CT blocks are configured as two
comparators.

Positive input from respective column Analog out
bus (DAC output).

Negative input from Analog Musx bus.

Ouput of UV Comparator, indicates 1if UV fault is present.
Otherwise indicates 0. This is routed to UV Glitch filter.

Ouput of OV Comparator(including inverter), indicates 1 if OV faultis

present. Otherwise indicates 0. This is routed to OV Glitch filter. Inveter is
implemented within LUT.

/ omparator 1 7

Two SC blocks as 8 bit DAC. Generates .
UV threshold and outputs to Analog Bus of .

column 0. This is routed to UV comparator
+ve input

Two SC blocks as 8 bit DAC. Generates OV
/ threshold and outputs to Analog Bus of column 1.
This is routed to OV comparator +ve input

buf 1

Window Comparator

Www.Ccypress.com
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BCU
DCCO2 DCCO3 Muxing Counter
r used for
IS generating
PRS8 periodic interrupts
sl - to do Mudng.
QuiputBitStreamf i
RO0[0] -
ROO[1]
PGOOD signal routed to
RO0[2] L "7 pot 32
ROO[3] =) -

UV GlichfiterusingPRS, O Cltchfiter using PRS.Inout o g implemented OV faultindicator
Input from Comparator Bus 0. oM Comparator Bus 1. using Row output LUT ~ routedto Port_3_3 :

\ Port 3 2

L Port 3 3 >

==1

=

Glitch Filter with Muxing Counter

Why do you need an inverter at OV comparator output?

The UV comparator checks for under voltage fault and output will be high if there is a fault. The OV comparator checks for
over voltage fault and output will be low if there is a fault. To make both of them assert a fault in a similar way (Logic High), an
inverter is used to negate the OV comparator’s output and make its output go high if there is a fault.

Inverting the inputs to the OV Comparator could have eliminated the inverter at the output. However, DAC output (OV
threshold) can’t be routed to the inverting pin of the comparator; therefore, you cannot invert the inputs. Also, implementing an
inverter doesn’t cost anything. It needs an LUT (Look Up Table) at the comparator bus, which has to be used in any case for
routing the comparator output.

Why there is no UM used for the comparators?

There is no UM in PSoC Designer for the window comparator that can take reference input from a DAC. There is a “COMP”
UM, which has window comparator version, but it allows only references that can be derived from Vss and Vdd. To generate
finer threshold voltages, you need a DAC and you must route it to the input of the comparator. So, ACC00 and ACC01 CT
blocks are configured as individual comparators with the following register writes:

/* UV Comp register settings */

ACCOOCRO |= ; /* GAIN =1 */

ACCOOCR1 &= ~ ; /* Diables analog bus output */

ACCOOCR1 |[|= ; /* Enables comparator bus output */
ACCOOCR1 |= ; /* Neg input = Port pin = Analog Mux Bus*/
ACCOOCR1 |[|= ; /* Pos input = Analog bus = DAC output
ACCOOCR3 |= ; /* Disables AGND power */

ACCOOCR2 |= ; /* Turn On CT block */

/* OV Comp register settings */

ACCO1CRO |= ; /* GAIN =1 */

WWW.Cypress.com Document No. 001-78646 Rev. *B 18
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ACCO1CR1l &= ~ ; /* Diables analog bus output */

ACCO1CR1 |= ; /* Enables comparator bus output */
ACCO1CR1 |= ; /* Neg input = Port pin = Analog Mux Bus*/
ACCOICR1 |= ; /* Pos input = Analog bus = DAC output
ACCO1CR3 |= ; /* Disables AGND power */

ACCO1CR2 |= ; /* Turn on CT block */

DAC threshold generation example:
Assume that the UV fault is to be detected when the rail voltage is 5% below its nominal voltage level.

Nominal power rail input to the comparator = 0.8705 V
(scaled down level in the EBK)

DAC reference = 4.16 V
DAC full scale value = 256 count
UV threshold = (1 — 0.05) x (0.8705) = 0.8269V

Digital code = — Treshold 1 ¢ full scale val
lgl al code = DAC reference Uil scale value

08269

216 X 256 = 50.88 = 51 count

How is the glitch filter implemented?

Our aim with the glitch filter is to eliminate the spurious glitches that appear in the comparator’s output. For example, suppose
the UV threshold is 0.8269 V and the nominal power rail input is 0.8705 V. For this input, the UV comparator outputs a 0 and
doesn’t indicate any fault that is expected. Now, suppose the power rail voltage is dropped to 0.83 V. Even though this is
within the expected range, the comparator output won'’t be at 0; it fluctuates between 0 and 1. This can happen even with the
OV comparator when input becomes nearly equal to the OV threshold. So, to fairly detect the fault, you must ignore these rare
glitches (transitions from 0 to 1 and 1 to 0).

In this present implementation, the clock input given to the comparator block is 3 MHz output of the comparator updates at
3MHz/4 = 750 KHz (for updates at PHI 2 phase,. See the CT block section in the CY8C28xxx PSoC Technical Reference
Manual for more details on clock phases). This means that the comparator bus updates its output every 1.333 pus. To fairly say
that there is a fault, you must monitor this comparator output for, say, four updates. If it indicates fault for all four updates, you
can be sure that there is a fault. By trial and error, you can find out how many updates are required for a fair response by
neglecting glitches. In the present implementation, four updates are monitored, which corresponds to 4 * 1.33 = 5.333 ps.

The PRS user module (UM datasheet) can be used as a glitch filter. The PRS normally works by receiving an input data
stream and producing an output data stream after encrypting it based on the LFSR Polynomial given. But here, the encryption
feature is not needed and therefore the polynomial is set to 0. One more function of PRS is that it always compares the data in
its shift register with the data in its seed register and outputs an auxiliary “compare out” depending on the equality between
these register contents. For a glitch filter, this functionality of PRS is used. One 8-bit PRS is needed for one glitch filter.

The input data stream to PRS is the UV/OV comparator’s output. This is sampled and shifted to shift register on each clock of
PRS. At each clock, the contents are compared with seed register. If they are equal, the comparator output becomes logic
high, otherwise low. If you set the seed register to 11111111, PRS compares the eight samples of comparator bus output
which are shifted into shift register with 11111111b. Only if all 8 samples are equal to 1, then a fault is indicated through
“Compare Out” output of PRS (compare out indicates logic high).

To make sure that four updates of the comparator and eight samples of PRS are equal, the clock of the PRS should be set
accordingly. For this, the time required for PRS to sample 8 times must be equal to the time required for the comparator to
update its output 4 times. Because the comparator bus updates at a 750 KHz rate, the PRS should sample at 1.5 MHz clock
(750K x 2).

By using this glitch filter, you can eliminate any glitches in the comparator bus that are less than 5.33 us (4 updates of the
comparator). The glitch filter has been configured to operate this way using both register settings and PRS APIs.
For a UV glitch filter, the following are the configuration operations:

DBCOOIN &= ~0xFO; //Clear Higher 4 bits (Data input selection bits)
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DBCOOIN |= 0x40; //Input to UV glitch filter is comparator bus 0
DBCOOIN |= 0x80; //Inverts the data input
Glitch Filter UV _WritePolynomial (0x00); //Sets LFSR function polynomial to 0x00

//Sets seed value to bl1111111, this ignores any signal with glitches less
than 8 clock pulses()

Glitch Filter UV WriteSeed(OxFF);

Glitch Filter UV_Start(); //Starts PRS block

A similar configuration is used for the QV glitch filter.

What is the maximum (worst case) fault detection time?
The maximum time to detect a fault is defined as the time delay between the moment that the actual fault on the rail happens
and the moment PSoC detects it by generating a PGOOD interrupt.

Each rail has a 10-ps slot out of a 40-us cycle time of the window comparator where the fault can be detected for that
particular rail. To detect a fault on a rail that is currently being monitored, the fault has to occur within the first 4.66 ps (10-5.33
us) out of a 10-us slot, because of glitch filter latency. If a fault occurs after 4.66 us, then that fault cannot be detected in the
current muxing cycle. Also, in the next cycle, the glitch filter needs at least 5.33 ps to detect a fault.

Therefore, the worst case time would be (10 ps * 3 other channels + 2* 5.33 us) = 40.66 ps. The minimum time would be glitch
filter latency = 5.33 ps.

Why is the output of the OV glitch filter routed to a pin?

The OV fault indicator is routed to a GPIO. Interrupt is not enabled for this pin. When the PGOOD interrupt occurs, it can be
due to either UV or OV fault. To detect whether it is OV fault or UV fault, this OV indicator is checked for its status inside the
ISR. If is indicates OV fault, then you can consider the fault as OV. Otherwise, you can consider the fault as UV.
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