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DDR - Double Data Rate
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PSC - Power Smart Control SL
PWM - Pulse Width Modulation

RCP - Rapid Control Prototyping
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RTS - Real Time Simulator

SDK - Software Development Kit
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3 Introduction

Rapid Control Prototyping Systems (RCP) is one of the key aspects to accelerate time to
market of power electronics converters, especially in the range of several kW and up to MW.

The RCP system developed by Power Smart Control (PSC), SmartRCP, provides the
perfect balance between digital processing power and hardware interconnectivity to enable
connecting the market most powerful RCP system to the user converter with none or min-
imal intervention.

SmartRCP system is based in a Xilinx KRIA K26 System on Chip (SoC) module mounted
on a high-tech tailor-made carrier board (CarrierBoard) which provides almost infinite
power to perform:

* General and specific control algorithmic validation

* Power converter validation

* Control algorithmic pre-certification

* Finite State Machine (FSM) testing

* Digital Twin (DT) and Real Time Simulator (RTS) systems

In PSC we do not believe in black-box systems approximations, our RCP system is fully
accessible by the user, users can program the FPGA by using HLS or directly in VHDL or
Verilog and, at the same time, program the four available high-specs ARM microprocessors.
This system is fully programmable.

Thanks to the massive flexible high-speed sensing stage available in SmartRCP, users
can program his own protection logic to avoid over-voltages, over-currents and over-
temperature situations in his converter at the same time. All sensors can be connected by
means of none or minor adaptions as the analog front-end gain, offset and band-width is
fully parametrizable.

Users can also embed a Digital Twin or Real Time Simulator, create a supervisor system
or even make automatic testing of different power converter working modes by connecting
remotely to SmartRCP system.

As SmartRCP provides a 1GB Ethernet connector and an enormous powerful core it is
also suited for IA applications related with converter controlling such as end-of-life estima-
tion, predictive maintenance, etc.

By the use of SmartRCP_Template and tutorials the user has a quite valuable starting

point without any limitation neither hardware nor software to perform the controlling and
testing he deserves.

PSC
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4 Capabilities

SmartRCP has been conceived to contain a processing core seamlessly bond to a tailor-
made CarrierBoard to provide the user the most powerful solution in the market.

4.1 Processing power

The K26 SOM leverages the XCK26-SFVC784-2LV-C/1, a custom-built Zynq Ultra-
Scale+ MPSoC that runs optimally (and exclusively) on the SOM. It provides an embedded
processing system (PS) with tightly integrated programmable logic and a rich set of con-
figurable 1/O capabilities.

Those capabilities make it possible to obtain PWM channels with less than 4ns time res-
olution, provides more than 200 user I/Os and integrates 6 high-end ARM microcontrollers.

Figure 1: KRIA SOM module [1].

4.2 Extreme tailor-made connectivity

The power provided by KRIA K26 is enhanced employing a tailor-made CarrierBoard
which provides all HW building blocks required for an RCP system. It contains:

* 32x 0-24V digital inputs channels

* 32x 0-24V digital outputs channels
* 14x digital output 0-3.3V channels
* 36x PWM channels

* 24x analog input channels

* 16x analog output channels

* 1x GB ETH, 4x USB2.0

¢ 2x UART 2x RS-485 & 1x microSD

PSC

11 ower Smart Control SL



SmartRCP User Manual Power Smart Control S.L.

4.3 Fully-programmable not black-box system

SmartRCP systems are programmed and configured by using Xilinx tools and also by
several templates and examples provided by PSC. The programming environment is Xilinx
Vitis Vivado — including Vitis HLS. PSC provides in addition:

* All drivers and pin assignment already done.

* A test program to check carrier board specs and to use as a base point by the user
for new designs.

* All Vivado and Vitis configurations already done.

* The possibility for the user to change those templates or include new ones to fits
his needs.

* Several examples already done.
* An embedded oscilloscope and data-tracker.
There is no black-box approach in this RCP, everything is transparent and can be done

by the user, both in the FPGA and in the microprocessors.

4.4 Networking and paralleling technology

SmartRCP systems can be set to work in parallel by communicating with a master unit
forming a star, with each other forming a ring, or by other configurations. Full freedom is
given to the user to create his own protocol and connection scheme. The minimum sam-
pling/clocking time for that protocol is 4ns.

Star Ring
Figure 2: Networking main topologies.

This makes the SmartRCP system fully expandable both in digital resources and also in
connecting resources at the time it assures, thanks to high-speed 4ns resolution channels,
perfect synchronization of all the devices connected.

SmartRCP system also offers a 1GB ethernet R]J45 connector for networking, this ca-

pability enables remote FW upload, remote monitoring and operation, etc., and is fully
independent of the networking configuration selected both in HW and SW.

PSC
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4.5 Highlighted use-cases

The capabilities of SmartRCP make it suitable for an infinite number of applications,
however, there are some which must be highlighted:

* Power converter controlling. It can be used by FW department for debugging or
while the user Control Unit is being developed.

* Itisideal for testing complicated working scenarios where finite state machine logic
is complex or has a high number of variables implicated.

* It can be used to pre-certify control algorithms or even the power converter re-
sponse to several scenarios like grid deeps, etc.

* Its huge computing power makes it suitable to include supervising systems (Maybe
based on 1A algorithms) or even Digital Twins or Real Time Simulators.

We have developed SmartRCP to make the possibilities infinite.

PSC
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5 Hardware & CarrierBoard details

5.1 Mechanical design, dimensions, and weight

SmartRCP comprises a CarrierBoard enclosed in a polymer case that offers access to
connections and warrants its secure operation and handling.

Total weight is approximately 0.4kg.

\

Figure 3: SmartRCP main dimensions.

5.2 Operation requirements

SmartRCP is designed to work from an office to a field environment. To ensure correct
care and proper operation the following conditions must be met:

* Electrical connection: DC source from 10 to 35Vdc — nominally it should be con-
nected to 24Vdc. A proper universal AC adapter is included with each unit.

* Power: Maximum power consumption is 60W.

* Storage temperature: From -10 to 60 Celsius degrees.
* Working temperature: From 15 to 40 Celsius degrees.
* Humidity: From 5 to 60

* Salt ambient: Not supported for long periods.

5.3 Specification of connectivity and resources

SmartRCP includes the following resources:

* 32x 0-24V digital inputs — LED indicated

PSC

14 ower Smart Control SL



SmartRCP User Manual Power Smart Control S.L.

* 32x digital outputs 0-24V — LED indicated

* 14x digital outputs 0-3.3V

* 36x PWM signals — 4ns time resolution, RS-422, RJ45 connector

* 24x analog input channels (12x 500ksamples/s and 12x 3Msamples/s)
* 16x analog output channels (500ksamples/s)

- 1x GB ETH (RJ-45)

* 4x USB2.0

* 2x RS-485 (full duplex)

* 1x microUSB for programming, debugging and serial communication
* 1x microSD card

* 1x Reset button

* 1x Programming button

5.4 Serial number and HW revision

SmartRCP systems contain a QR code that includes:
* Board number and manufacturing data
* Hardware revision
This QR code is placed:
* On the bottom of the polymer cover
* On top of CarrierBoard

To ease the identification of the HW revision, it is also indicated in top of CarrierBoard
with letters and numbers.

g FSC ControlBoard Rev 1.2

Figure 4: Serial QR codes and HW revision information.

The serial number can be checked when microUSB programming and debugging wire
is connected to a computer and Vitis is used.

PSC
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5.5 KRIA K26 description and main features

Xilinx KRIA K26 SOM leverages the XCK26-SFVC784-2LV-C/I, a custom-built Zynq
UltraScale+ MPSoC that runs optimally (and exclusively) on the SOM. It provides an em-
bedded processing system (PS) with tightly integrated programmable logic (PL) and a rich
set of configurable I/O capabilities.

The picture below provides a view of the KRIA K26 SOM.

Figure 5: KRIA K26 SOM comparison among other Xilinx devices [1].

KRIA K26 SoC includes:
* Huge highly enriched FPGA

Resource - K26 SOM
System logic cells 256,200
CLB flip-flops 234 240
CLB LUTs 117,120
Distnibuted RAM (Mb) 35
Block RAM 144
Block RAM (Mb) 5.1
UltraRAM blocks 64
DSP slices 1,248
GTH transceivers 4
Video Codec 1
HODIO 60
HPIO 116

[2]

2x ARM Cortex R5 real time processors

L]

4x ARM Cortex A53 application processors

1x ARM Mali dedicated GPU

4GB 64bits DDR4 RAM
* Nom volatile memories (512 Mb QSPI, 16 GB eMMC & 64 Kb EEPROM
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* Embedded peripheral (I12C, SPI, UART, SD, USB, ETH, DDR controller, RTC,
etc.)

The architecture of KRIA K26 makes a seamless union of Programmable Logic (FPGA)
and PS (processing system) so users can create their own peripherals in the FPGA and com-
mand them with one or several microprocessors. All resources in the SoC are highly in-
terconnected by an ARM proprietary bus (AXI bus). The figure below shows KRIA 26
architecture.

Zyng MPS0C
Processing System [P5)
RPU APU

CRUD CRUN CPUD CPU

------ P |
] L1} [
) Corfan-A53 i) Corfax-AS53 4
! CPU2 W CPUX o

PE-OTR

i =

General Parphisrals

.’

LA J

—J

P BPLU (DDRAFAAL, LPDDRLM)

Figure 6: KRIA K26 main components and architecture [3].

KRIA K26 is the fundamental piece on top of which SmartRCP is built. It provides
a digital power not seen before. This power, in combination with the tailor-made Car-
rierBoard, offers the market the ultimate and most powerful solution for Rapid Control
Prototyping.

5.6 Connector description: pin-out, function, voltages range and

bandwidth

The following table describes all connectors available in the CarrierBoard, its pin-out,
and its bandwidth. This table also includes the voltage range of each pin and connector.
Absolute care should be taken to avoid connecting those pins to a higher voltage standard,
doing so will inevitably result in hardware damage.

Care should be taken when using power pins not to override the specs of the hardware
chain involved. Taking a high current may damage the power supply sub-system.

It follows a figure showing the physical placement of each connector inside the card.
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ID | Function Pin-out Vv BW Comment
4 SilkScreen
1 ’;‘;jzf Dout16
2 Doutl5
3= 29— Doutl4
4 Dout13
J4 | Digital outputs 533750410 0-24V | 1.5KHz | Multiplexed fast i2c
J5 SilkScreen
| [ pous
by Em—T
4 p—— Dout29
J5 | Digital outputs 533750410 0-24V | 1.5KHz | Multiplexed fast i2c
J6 | Programming & debugging | Female Micro USB connector 0-5V Connect to a PC
J8 | ETH ETH RJ45 connector 0-3.3V | 1GB Universal use
J9 | Micro SD card Micro SD card connector 0-3.3V FW storage and disk
J10 | RS-485 Female DB9 connector 0-3.3V
J11 | RS-485 Female DB9 connector 0-3.3V
J12 SilkScreen
| 28— pin»
"
J12 | Digital inputs 533750410 0-24V | 1.5KHz | Multiplexed fast i2c
13 SilkScreen
1 é z::: Dinl6
i
J13 | Digital inputs TS0 0-24V | 1.5KHz | Multiplexed fast i2c
v}
IS poul
by S E— T
4 p———————— Dout9
J14 | Digital outputs S33750A10 0-24V | 1.5KHz | Multiplexed fast i2c
J15 | UART - USB USB connector 0-5V Converted to USB
J16 | UART - USB USB connector 0-5V Converted to USB
J17 | ETH Ring i
RDI N i 1:“4 ><—||I
J18 | ETH Ring
19
1 Eg::i:’ Dout28
2 Dout27
3 e pous
4 Dout25
J19 | Digital outputs S3375-:0410 0-24V | 1.5KHz | Multiplexed fast i2c
20
1 E:zz Din28
2 e Din27
3 y oo Umltz
4 Din25
J20 | Digital inputs 533750410 0-24V | 1.5KHz | Multiplexed fast i2c
2]
| o iy
s E—==— pi
4 A —omnes g
J21 | Digital inputs 3350410 0-24V | 1.5KHz | Multiplexed fast i2c
T o
by —r
4 p————————— Dout5
J22 | Digital outputs 533750410 0-24V | 1.5KHz | Multiplexed fast i2c
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ID

Function

Pin-out

BW

Comment

123

Digital outputs

23

W —
o wlrof—

4
53375-0410

DOUT24
DOUT25
DOUT26
DOUT27

Dout24
Dout23
Dout22
Dout21

0-24V

1.5KHz

Multiplexed fast i2c

J24

Digital inputs

J24

B —
FN [3%) /S]

53375-0410

DN hyind4
E Din23
DINIO__ pin22
RINIL_ Din2]

0-24V

1.5KHz

Multiplexed fast i2c

J25

Digital inputs

25

EN

53375-0410

DIN24
DIN25
DIN26
DIN27

Din8
Din7
Din6
Din5

0-24V

1.5KHz

Multiplexed fast i2c

J26

Digital outputs

1260

B W —
alwlo]—

53375-0410

DOUT12
DOUT13
DOUT14
DOUT15

Dout4
Dout3
Dout2
Doutl

0-24V

1.5KHz

Multiplexed fast i2c

127

Digital outputs

J27

PN

53375-0410

DOUT28
DOUT29
DOUT30
DOUT31

Dout20
Dout19
Doutl8
Doutl7

0-24V

1.5KHz

Multiplexed fast i2¢

]28

Digital inputs

128

W —
EN [7% [N

4
53375-0410

Din20
Dinl9
Dinl8
Dinl7

0-24V

1.5KHz

Multiplexed fast i2c

J29

PWM

WMO0 P

WMO N2

ENAO iso 3

WML P 4

WMI N3

ERRO iso 6

SV_PWM L
GND_PwWAL| 8

RILSE4118101

0-5V

4ns

RS-422 differential

J30

PWM

SilkScreen

PWMI16 P

PWMI6 N

ENAS iso 3
PWMI17 P

PWMI1

PWMI17 N 3

ERRS iso 6
5V_PWM
GND_PWM -||

RILSE41181

0-5V

4ns

RS-422 differential

J31

PWM

'WM2 P

1

sl

mp1 |-MEL

WM2 N

(™

MP2

ENAI iso 3
WM3 P4

WM3 N

:ZR_RI 1;0 6

5V_PWM 3
GND_PWM .|| 8

o wEw

RILSE4118101

0-5V

4ns

RS-422 differential

J32

PWM

18 P

/v
WMI8 N
A9 150
NV

WMI9 P

/M19 N

—EWMIO N 5 |
ERRY iso .

5V_PWM — 7
GND_PWM -||

RJLSE4118101

0-5V

4ns

RS-422 differential

]33

PWM

PWM4 P

PWMS5 N

ERR2 B0

5V_PWM s
GND_PWM |

J33

1
2
3
4
5
6
8
m

RITSF411R101

GND_PWM

Earth2

0-5V

4ns

RS-422 differential
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ID

Function

Pin-out

BW

Comment

J34

PWM

WM20

MP1

P
WM20 N
s

WM21

MP2

P
'WM21 N

ERRI0 iso P

SV_PWM g
GND_PWM -|| 8

RILSE4118101

GND_PWM  Earth2

0-5V

4ns

RS-422 differential

135

PWM

PWM6

J35

MP1

ENA3 i

MP2

PWM7

P

PWM6 N
0

P

N

PWMT

ERR3 iso

5V PWM
GND_PWMH||

BN [N [V FS (91 [O) o

o

MP1

Earth2

0-5V

4ns

RS-422 differential

136

PWM

PWM22

PWM22

MP1
MP2

5V PWM
GND_PWM|

5] B1 (= [ ] [3%) (6] p=y
S KV N ST ISR

0

RILSE4118101

GND_PWM  Earth2

0-5V

4ns

RS-422 differential

137

PWM

WM P

IE

o
he

WMS N

MP1

ENA4 iso

MP2

'WM9 P

'WM9 N

ERR4 iso

5V PWM .
GND_pwH| 8

1
2
4
5
6
=

0-5V

4ns

RS-422 differential

138

PWM

PWM24 P

1

PWM24 N

MP1

5

ENA12 iso 3

MP2

3

WM25 P 4

WM25 N

5

ERR12 iso

6

5V PWM ;
GND_PWM | 8

RILSE4118101

Earth?

0-5V

4ns

RS-422 differential

139

PWM

PWMI10

—
@
o

MP1

P
PWMI10 N
ENAS iso

MP2

"WML

P
WMIL N
ERRS iso

1
2
7
3
6
7

5V_PWM .
GND_PWM -||

1O L s L) B

=)

RILSE4118101

Earth2

0-5V

4ns

RS-422 differential

J40

PWM

WM26 P

J40

WM26 N

MP1

ERRH 150

5V PWM
GND_PwWM|

ENAIL3 is0 3

1
2
1
{5
(4]
7
8

MP2

RILSEATISIOl

Earth2

0-5V

4ns

RS-422 differential

20

Power Smart Control SL



SmartRCP User Manual

Power Smart Control S.L.

ID | Function Pin-out v BW Comment
141
WMI2 P 1A 1B PWMI4 P
TPWMI2 N 2A ;2 ;g 3B_PWMIA N
ENAG iso_3A 34 3B 3B __ENA7 iso
WMD P IA | Ja  4p [AB_PWAMIS P
PWMIS NSA | §y & [SB PWMIS N
ERRG iso_ GA 6A ‘6B 6% ERR7 _is0
SV PWMpT—2 74 7B [HB—ds5v PwM
aNpPwM |28 sa 5B Bl GNp_pw
TALf 4o pio [IBL
A3 A1 BII E
RIEITISSIA10H
O0R
X R801
J_ Earth2
J41 | PWM GNDPWM 0-5V | 4ns RS-422 differential
J42
PWM28 P 1 MP1
PWM2E8 N 2 é g%ﬁ; MP2 I A
ENAl4 iso 3 3 \/
PWM29 P 4 4 = R
PWM29 N 5 5 = R390
ERR14 150 6 6 -
5V PWMpr—I 7 b ~
(Bl L 'll . GND PWM  Earth?
J42 | PWM RILSE4118101 0-5V | 4ns RS-422 differential
143
WM32 P_IA 1B PWM34 P
W Noa ] 1 1B oI N
_ENAIG iso 3A | 3A 3B 3B __ENAL7 iso
WMGI P 4A | 34 | 4B_PWADS P
WG NSA | &4 s [5B PGS X
_ERRIG 150 6A ‘G‘A ‘6B 6§ ERR17 iso
SV PWMpT—2 74 7B [HB—d5v PWM
GNp_pwH|—22 54 8B B [liGRD_PWM
TAl Bl
A9 B0
A3 A1 BII E
RIEITISSIA10H
O0R
X R394
L
. = : Earth2
J43 | PWM NPT 0-5V | 4ns RS-422 differential
144
PWM30 P 1 MP1
PWM30 N 2 . —— MP2 I .
—_——— 2 MP 4
ENAI1S iso 3 3
anTeTaE £
PWM3l N 5 5 = R795
ERRIS 150 6 | N
5V PwM} ; 7 —;— /77
(LA '|| £ GND PWM  Earth2
J44 | PWM RITSE4118101 0-5V | 4ns RS-422 differential
J45
| 1 DOUT24 4
5 2 DOUT25 4
3 3 DOUT26 4
4 4 DOUT27 4
J45 | Digital Outputs | 3533750410 0-3.3V | 1.5KHz | Multiplexed fast i2c
J50
3.3V 1
_ 1
— 215
LEDI1
21Ma
J50 | User LED 33375-0210 0-3.3V Green panel LED
152
1 1 DOUT20 4
5 2 DOUT21 4
3 3 DOUT22 4
4 4 DOUT23 4
J52 | Digital Outputs | 33375-0410 0-3.3V | 1.5kHz | Multiplexed fast i2c
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ID Function Pin-out \Y% BW Comment
J54 SilkSercen
| 1 DAC3 1 D4 . .
23 02 Connector pin is
P T the output of
J54 DACs 53375-0410 0-3.3V | 500 ks/s | DAC IC
no analog chain
included
55
1 ;—|PS}\’3
2 3 DOUT18 4 |Il
3 |j—————ROuTlis d
4 4 DOUT19 4
J55 Digital Outputs 3700 0-3.3V | 1.5kHz | Multiplexed fast i2¢
J56
| i DOUT28 4
ey
g 4 DOUT31 4
4
_]56 Digital Outputs 533750410 0-3.3V | 1.5kHz Multiplexed fast i2¢
J58
3.3V L[
2
LEDO Z
J58 User LED 33375-0210 0-3.3V Orange panel LED
J60
1 é—|24VjN
DOUT 24V > > v Max total cur-
J60 power  con- e . 0-24V | DC rent 10mA per
nector - channel
_|l 2.
DIN 24V é%_‘;\;jz N Max total cur-
Jo2 power con- HT00 - 0-24V | DC rent 10mA per
nector channel
Jo4 SilkScreen
) g
i 4 DACO 4 gig ]
Jo4 DAC T 0-3.3V | 500 ks/s | N analog chain
included
J65 SilkScreen
! % e D12
i 4 DAC1 4 B&I)“ .
165 DAC T 0-3.3V | 500 ks/s | N0 analog chain
included
J66 SilkScreen
| e o
 —
53375-0410 ‘ _ No analog chain
J66 DAC 0-3.3V | 500 ks/s g
included
J6TA
W}-S\;ana
1 ﬂDGNDJIHH
ow Analog Input §3375-0410 - s/s
67ABC | Slow Anal g Inp 0-5V 500 ks/
J68A
é W}S\Laﬂa
i 4—(>GND7:ma
68ABC | Slow Analog Input | 55570310 0-5V | 500 ks/s
g 'np
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ID Function Pin-out \Y% BW Comment
JGOA
1 l D5V _ana
- = SensorP_1A
:: 3 SensorN_1A
4 —t>4 GND_ana
J69ABC | Slow Analog Input 53375-0410 0-5V | 500 ks/s
TT0A
1 .1, 05V _ana
2 2 SensorP 3A -
3 D SensorN_3A
4 4—DGND_mm
J70ABC | Slow Analog Input 53375-0410 0-5V | 500 ks/s
T71A
1 =
1 p—————O5V_ama
) : SensorP 0 gA
3 3 SensorN 0 gA
4 —l>4 GND_ana
J71ABC | Quick Analog Input | 533750410 0-5V | 3ks/s
J72A
1 PR
| P05V _ ana
2 = SensorP 2 gA
g 3 SensorN 2 gA
4 4—DGND_ana
J72ABC | Quick Analog Input | 333750410 0-5V | 3 ks/s
T3A
1 ,1,—('2-5\’ ana
3 f SensorP? 1 gA -
3 o) SensorN 1 gA
4 —I>L1r GND_ana
J73ABC | Quick Analog Input | 533750410 0-5V | 3 ks/s
J74A
1 _1,—(') 5V_ana
P = SensorP 3 gA -
g 3 SensorN 3 gA
4 4—DGND_a115
J74ABC | Quick Analog Input | 53375-0410 0-5V | 3 ks/s
J75
1 é RIN2S Din4
2 DIN2_ 1yin3
E— DNX_ pin2
4 N1 Dinl
J75 Digital inputs 53375-0410 0-24V | 1.5KHz Multip]exed fast i2c
U36 2x USB 2.0 0-5V
U3s 2x USB 2.0 0-5V
SW2 Reset Reset pusher
Power connector barrel
XSW1/ P
ower connector style (Inner contact 24V / 60Wmax
XSW2 . N inal
is positive terminal)
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JEYYH l

7S |00UOD LBWS

JS

Power Reset

Connector Button

sy
o -
(e ||
-y
UsB Port
JIo Ji1
J60 J62
Digital

M M
J75 J28
J25 J24
J21 J20
J13 J12

Digital

B
Out
J26 Ja7
Jzz Ja3
Jig JI19
J4 Js

ETH Ring RS-485

)

»)
Al

Analog 10
I ss59-965-965-964
i . J74C-J72C-J73C-J7IC
Fast i £ J74B-I72B-J73B-J718
Channels = e
e W Jraa-9724-0734-9714
J70C-J68C-I69C-JIE7C
Slow J70B-J68B-J698-JI678
Channels J70A-JE8A-IEIA-JE7A
e e—

A L L &£ <

L KL
E kit ]

- -

J30 J32 J42 J44  JI33 I35 J45 J43

J55-J54-J45-I56

-~

PWM
Connectors

J38 J40 J29 J31

L K
N

J37 J39 J34 J36

[ENUEN 195 JOYHEWS
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5.7 Constraints file

When programming a system that combines programmable devices it is always required
to link the programming description of the input/output to a certain pin. Xilinx Vivado al-
lows the definition of connectors in the IP Integrator and its connection with Xilinx-made
or custom-made IP blocks. Constraints file is the file in which the connections between the
IP integrator ports and real pins are made.

This file has been fully configured and is provided by PSC so the user can directly use it.
However, it is provided in an open format in case advanced users want to modify the pin-
out or access extra resources available in the SOM by re-routing them to existing pins.

This file also defines the voltage range of each pin or bank. Extreme care should be
taken to ensure each pin is configured with the proper voltage standard. Not doing so can

damage the SOM I/O bank.

The syntaxis of the file is the following:

1. ## SOM BANK 1-B - 3.3V

2. set_ property PACKAGE_ PIN J10 [get_ ports PMOD1_1 1 2];

3. set_ property IOSTANDARD LVCMOS33 [get_ ports PMOD1 1 1 P2];

4. set_ property SLEW SLOW [get_ports PMOD1_1_1 _P2];

5. set_ property DRIVE 4 [get_ ports PMOD1_1_1_ P2];

6. #Pinsom240_1_b16 - Bank 45 VCCO -som240_1_b13-10_LIN_AD15N_45
The meaning of each line is:

1. Comment for user identification of the bank voltage.

2. Pin identification — use the same label used in Vivado IP integrator.

3. Voltage standard of the pin - USE CARE WHEN MODIFYING THIS FIELD.

4. Buffer special requirements.
5. Buffer special requirements.
6. PSC comment to identify the pin in the SOM high density connector.

It shall be noted that in SmartRCP_Template of Constraints file the linking between
the SOC high-density connector and the SmartRCP connector pin has been already made.
Doing so requires a deep understanding of the schematic, the analog stage in between, and
the Vivado syntaxis. Users are advised to take care of this file.

All Constraints file port names are the same as the schematic nets and the same as the

Vivado IP integrator ports created in the SmartRCP_Template provided. All of them con-
tain the name of the port and the name of the connector involved.

PSC
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5.8 Ventilation

KRIA K26 is a powerful 10W device so it requires a constant fan to keep it cooled. Two
possible fan power connectors are supplied within the CarrierBoard: for 5V and 24V.

By default, PSC delivers all systems with a 5V low-noise high-life fan connected. This
fan is mounted on top of KRIA SOM, screwed to its local heatsink.

This fan should not be disconnected, removed, or stopped. Doing so will raise the
KRIA’s temperature and its thermal cut-off will actuate.

5.9 Booting modes
KRIA K26 SOC supports several booting methods like JTAG, SPI, SD card, USB, etc.

By default, PSC will supply SmartRCP so that it boots from a microSD card directly.
Other configurations can be delivered under special request.

5.10 USB programming and debugging

For custom programming and debugging the SmartRCP system, it is required to have
the Xilinx Vitis tool installed on a computer connected to SmartRCP microUSB (J6) and
NO microSD card inserted in J9.

SmartRCP does not need the use of JTAG, the very same functionality is provided
through the microUSB connector (J6). This configuration makes it unnecessary for the
user to acquire any extra HW apart from a simple microUSB cable.

The KRIA SOC inside SmartRCP shall be detected by Vitis and its identifier will cor-
respond to its serial number in hexadecimal format.

Programming of SmartRCP will not differ from programming any other Xilinx SOC.
5.11 In Depth description of functional blocks

5.11.1 RS-232

UARTS3. This is a UART intended to be connected to a computer as it is converted to
USB 0-5V standard, its detailed connection and signals can be seen in the figure 7:

PSC
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UART3_TXD
| Buffer | USB
UART3_RXD | cp210x | | J15
ESD
suppressors

Figure 7: RS232 functional block chain (J15).

UART4. This is a UART intended to be connected to a computer as it is converted to
USB 0-5V standard, its detailed connection and signals can be seen in the figure 8:

UART4_TXD
| Buffer | USB
UART4_RXD | cp210x | | J16
ESD
suppressors

Figure 8: RS232 functional block chain (J16).

5.11.2 RS-485

Two RS-485 ports are connected to KRIA K26 PL pins and the port is not limited in
speed (bauds). There is a transceiver that converts and protects those KRIA signals into a
full RS485 port.

Jumpers JP1 and JP2, not accessible with the cover, allow the selection of the RS-485
working mode: full duplex or half duplex. By default, PSC will supply SmartRCP with a
Full Duplex RS485 configuration in both connectors. Other configurations can be deliv-
ered under special request.

RS-485 ports are compatible with 3.3V standard.

The next figures (9,10) provide all the required information about the chain:
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1 - FULL DUPLEX:

z @Rt 1-2 CLOSED; 3-4 & 5-6 OPEN

[ ——: if—] - HALF DUPLEX:

Y 1-2 OPEN; 3-4 & 5-6 CLOSED
RS485A_/RE; ADM3063 o
RS485A_DE RS485 z Lo
RSA85A TXD| transceiver [ Tz
RS485A_RX[2 LinesAB YZ n | .|"_§:.T’";

'I|I - "l|l|'lf =2
2

Figure 9: RS485 functional block chain (J10).

- FULL DUPLEX:

Z 1 1-2 CLOSED; 3-4 & 5-6 OPEN

—: ‘P—1-HALF DUPLEX:

Y 1-2 OPEN; 3-4 & 5-6 CLOSED
RS485B_/RE | ApM3063 Y
RS485B DE | RS485 2 g19 )
RS485B TXD; transceiver [ A %
RS485B_RXD| LinesABYZ . EasedElasry o™

> | I = l!'.\ir:!‘r : 52

4
Earthl

77

Figure 10: RS485 functional block chain(J11).

5.11.3 User LEDs

The cover has two LEDs available for the user. LEDs connected are LEDO (]58) in
orange color and LED1 (J50) in green color. See figure 11:
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/f/ 7 S
' LEDO LED1
v - Y /A

Tesemlllel W

--

Figure 11: SmartRCP user LED position.

LEDO LED1
| PCBLED3 f | PCBLED4
(Orange) (Green)
J58 J50
3.3V 1 3
- }) 3V 2l 1
LEDO - LEDI g
53375-0210 53375-0210

Figure 12: User LEDs functional block chain.

5.11.4 Ethernet ring communication

Ethernet ring communication consists of two different RJ45 connectors galvanically
isolated which are connected to LVDS KRIA K26 PL pins by means of a transceiver. These
connectors are 3.3V standard compatible.
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R203 Thus RJ45 connector mcludes transformers

PS_3V3—AN/ 6
W L

e
i -

G GND_I t i||
G GND2

-l
3o R e

Y  RCT [—po—
i

1k2 c207 L3 = =
il e 7_TD2 P
IDL Pl P o5 ';%‘ F§_TDI N
= = DI N ] - [ MH3 R208 OR
7] ID- M g, 2
L2 ter MH4 | =1+

JXD7-0VOSNL

ETH_ENA
———————l

ETH_ROUT1 LvDS
——
ETH_DIN1| transceiver
—_—

ETH_ROUT?2 DOUT1 =>TD1_P/TD1 N
ETH_DINZ| SN6SWVDS "iatm—S957 p/To2 N e
—_—— |

RIN1 => RD1_P/RD1_N

Earthl

RIN2 => RDz_P/RDz_N e R208 This RIS connector meludes transformers

Je=

®
5
i
g
g2
o

1t
Iw 5 _Ia.l

Earthl

Figure 13: Ethernet ring functional block chain.

5.11.5 Analog output channels

Four quad-channel 16bit 500ks/s 0-5V compatible DAC converters are provided and
accessible with the cover. Output signals are referred to as analog ground.

Figure 14 provides more information about the signals involved and the structure used.

DAC_SCLK
DAC_/SYNC
J64
J——
) AD5686 — i 3 DACO 3
DAC_SD' N_O I DACO 4
> 53375-0410 165
gL e
> 2
| AD5686 i 3|
DAC_SDIN_1 '
N 53375-0410
166
1 ‘1) DAC2 1
= | e
DAC_SDIN_2 | | AD>686 ) EREET
- 53375-0410 134 : Ay
S I DA(;;iE
~ AD5686 f e ——
DAC_SDIN_3

Figure 14: Analog outputs functional block chain.
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5.11.6 Digital inputs

32 channels of 0-24V digital inputs are provided which are connected to four 8-bit i2¢
digital expanders. Each signal is connected to a green LED that will glow when +24V is
connected to it, an input 1kHz low pass filter (1st order), and a TVS diode. Up to 10mA

can be drained by internal circuitry in each channel.

J62 connector is provided to supply 24Vdc to the user, its ground pin can also be used as

an electrical reference.

More details can be found in the figure 15.

1 1 DINO
9 2 DIN1
S L3 DIN2
DlN_SCL i 4 DIN3 124
1 DINS
DIN_SDA 53375-0410 1 2 DING
120 = |IE DIN10
1 1 DIN4 3 3 DN
| TCA9538 solator Input 1= DINS g
S L3 53375.
12¢c: 73h stage 3 = 5::2 ;:S‘j 0410
4 -
1 1 DIN12
53375-0410 5 2 DIN13
TCA9538 Input 3 3 DINTS
N Isolator P i 4 DIN1S
12¢c: 71h stage
53375-0410
.| TCA9538 Isolator Input 713 it
12c: 72h stage oo
5 3 NIN1S
4 DIN1G
J25 4
TCA9538 Input 1 DINZ4 53375.0410
> _ Isolator P s Sin2s »1
12¢: 70h stage 3 3 DINZE L DINZO
1 1 DIN27 .2 DIN21
Bl 3 DINZ2
53375-0410 i 4 DIN23
J75
162 b nINZS 53375.0410
| f5—{24v_IN > [2 DINZS
2 3 3 DIN3O
53}75_02]0_|—|>cm|) Dio [ DIN31
53375-0410

5.11.7 Digital outputs

32 channels of 0-24V digital outputs are provided which are connected to four 8-bit i2¢
digital expanders. Each signal is connected to a green LED that will glow when +24V is
generated by it, each channel is protected by a series PTC.

J60 connector is provided to supply 24Vdc to the user, its ground pin can also be used

for referencing the signals.

Figure 15: 0-24V Digital inputs functional block chain.
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More details can be found in the figure 16.

J4
1 1 DOUTO
2 2 DOUT1
3 DOUT2
DOUT_SCL H T 122
1 DOUTS
DOUT—SDA 53375-0410 21 2 DOUTY
J14 3 3 DOUT10
1 DOUT4 4 DOUT11
Ll TCA9538 _ N Current 2! 2 DOUTS ~
12¢: 73h g ISOIator " b ﬁ; 3 3 DOUTE 53375-0410
¢ urrer 4 4 DOUT7? J26
_ i = DOUT12
53375-0410 = 2 DOUT13
TCA9538 Current 3 i DOUT14
Isolator > 4 DOUT1S
12¢c: 71h buffer
53375-0410
J5
L+ TCAS538 s lsolator | Current N 1 DOUT16
" 1
12c: 72h buffer 5 =2 DOUT17
; 3 DOUT18
1 4 DOUT19
J23
L,| TCAS9538 Current - DOUT24 53375-0410
Isolator — 5 12 DOUTZ5 719
|2c- 70h bUffer ; 3 DOUT26 1 DOUT20
4 4 DOUT27 ,i 2 DOUT21
; 3 DOUT22
53375-0410 4 4 DOUT23
J60 J27
1 r ™ 1 DOUT28 53375-0410
1 —|J-1'\ IN
) |2 = 21 2 DOUT29
sl LD s [2oom
4
53375-0410

Figure 16: 0-24V Digital outputs functional block chain.

There are 14 additional channels of output signals with a 0-3.3V standard. These sig-
nals have no output analog chain to protect or to limit them. Extreme care shall be taken
when using those pins as they have no short-circuit protection.

155
1 .
1 |F5—1Ps_3v3
PWM_Ena_SCL | [EERECEN )
PWM Ena SDA j 1 DOUT19 4 145
— — 1 DOUT24 4
53375-0410 ,f 2 DOUT25 4
LEP = |6 DOUT26 4
3
o TEA9538 | Y
. 2 = -
A e | O =¥ B e
4 156
53375-0410 p 1 DOUT28 4
TCA9538 5 -2 DOUT29 4
—> 3 |3 DOUT30 4
12c: 70h > 4 il DOUT31 4
H . 53375-0410
*Qutputs bits 0 and 1 are not accessible to the user

Figure 17: Additional 0-3.3V functional block chain.
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5.11.8 PWMs

There are 36 PWM differential channels directly connected to KRIA K26 PL pins.
Those signals are RS422 differential and fully isolated.

RJ45 connectors without transformers of 2 or 4 PWM channels are placed. These
connectors include error (ERRx — CarrierBoard input) and enable (ENAx — CarrierBoard
output) signals. Enable signals are multiplexed while error signals are directly connected to
KRIA K26 PL pins.

The next figures (18, 19, 20, 21, 22, 23, 24, 25, 26, and 27) provide more info about the
different signals included.

ENAO PWMO P 1 2 MP1
PWMO ERRO— =2 ]
PWM1 PWMO_iso | Rs422 |PWMO_P/N| == i
PWM2 | |50|at0r PWMl iSOL . PWM]. P/N vV PWM m 7 ? L
PWM3 | _ISO | transceiver PINLSTI | oo 24
ENAl PWM2 P 1 - MP1
PWM2_iso ERR1 = — ~
PWM3 iso| RS422 |PWM2_P/N| —meocds f =T
~—| transceiver |[PWM3_P/N | 20— ; =
: lTII:RI[SI-JHQHHC\D S

Figure 18: PWM functional block chain (J29 and J31).

ENAZ WM P | = \&Pl
PWM4 ERR2—{ Zmeiz: ey
l;mﬂg 4 olator [PWMA_iso | Rsaza  |PWM4_P/N i
PWM7 sotator PWM5_iso | transceiver [PWM5_P/N G;?;;-Slf-i'z'qﬂ:; Riwwi \[ﬁw 77
ENA3 PWM6E P 1 =
PWM6_iso ERR3™ i o: w» =
PWM7_jso| RS422 |PWM6_P/N| oo i
| transceiver [PWM7_P/N| - E::::’r”:E; e 7

Figure 19: PWM functional block chain (J33 and ]35).
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E N A4 PWME P 1 41: MP1 MP1
PWMS ERR4 e mTHE I
PWMS | lator LPWUMB_Is0 | Rsa22  [PWMB P/N| it
PWMI11 solator PWMg_iSO_ transceiver |PWM9_P/N G%‘:;:‘Sbtiii’.mir{imISINGND_?F“,M 77
ENA5 PWMIO P 1 = MP1
wvo N 2] | MPLPE
PWM10_iso ERRS roma e i e A
PWMII_iso| RS422 |PWM10_P/N sixn B i
transceiver PWMI1_P/Now = ¢ _D_:pw 22
Figure 20: PWM functional block chain (J37 and ]39).
ENA6 ——
PWM12 ERR6 — | ity B
PWM13 PWM12_iso| Rs422 [PWMI12_P/N iy & :
PWMI14 _J Isolator BwMi3 iso iver PWM13 PN somiid & 2 Ei o
PWM15 - » transceiver =/, c,.\"njp\\':\{mi SA  SB El—lil'-ﬁi'ajn\;\{
ENA7 — o sio 122
PWM14_iSO FRR7 — RIELI11881410H
PWMI5 _iso| RS422 PWM14_P/N

*

transceiver PWM15_P/N

GND_PWM

Figure 21: PWM functional block chain (J41).

ENA8 PWMI6 P 1 . \‘L'Pl
= == 1 MPl
PWM16 ERR8 > E:\tz :6; 2 M2 -
PWM 17 > PWMlG_iSO RS422 PWM]_G_P/N E:\;- 1;0\ . : R7ST R39S
PWM18 Isolator PWM17 |56 . PWM17 P/N SV_PWM 3
PWM19 _159| transceiver _P/Ne P““"—“:Riwm.of e
ENA9 — WMIS P L[ MP1
WMIEN 2| 3 e [MP2]
PWM18_iso ERRI (. ==
PWMI0 iso| RS422 |PWMI18 P/N —HEesH.
transceiver PWM19_P/N QSE;;itt‘iI'WZZ _?\m vy

Figure 22: PWM functional block chain (J30 and ]32).
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ENAl PWMO P 1 IH MP1
PWM20 ERR1I0—| o w [
% <ol PWM20_iso| Rs422 [PWM20_P/N !
EWh22 solator [BWM21_iso| transceiver PWMZI_P/I’_\G;;JI;;;:;}!,-“:E; T 17
ENAl \\\ 2P 1 26 \1?]
P2 prea— S, B
PWM23_jso| RS422 PWM22_P/N ji%ii;:g :
| transceiver PWM23_P/N o= ¢ (\J\n L

Figure 23: PWM functional block chain (J34 and ]36).

ENAl PWMM P 1 = MP1
PWM24 ERR12—— A s e )
PWM25 PWM24_iso| Rs422 |PWM24_P/N —mir—! i
PWM26 Isolator [FWM25 _iso iver PWM25_P/N ooz | =
PWM27 —>Yl transceiver /0 ox::__m\'.ﬂ}-l—ll:R;SEms] GND_PWM  Earth2
ENAL3——  — o
PWM26_iso ERR13 s Hied e o O
PWM27 iso| RS422 PWM26_P/N —m: A i
"l transceiver PWM27_P/Noinii—i | = 27

Figure 24: PWM functional block chain (J38 and J40).

ENA14_> PWM28 P - MP1
PWM28 RR14— =i we ey
Mg, PWM28_iso| Rsa22 PWM28_P/N —i ! i
PWM30 Isolator PWMZ29 iso t . PWMZQ_P/ﬂ sv_pwadh - i — i
PWM3L | _1S9| transceiver _ c,mw'.‘||:;mm = 2L
ENAlS—. PWM30O P 1 = MPL
PWM30_iso RR15 Bt s e P
PWM3I jso| RS422 |PWM30_P/N EnCE ; f i
’| transceiver PWM31_P/N.:- ?ttli'."w:;é L=

Figure 25: PWM functional block chain (J42 and J44).
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ENAl 1IB__PWM34 P
PWM32 ERR1I6— o
s solator LWM32_isof  Rs422  PWM32_P/N BB
pwivizs ] o [PWM33 sG] transceiver PWM33_P/N i 2 Epiai

ENA17—— Thr] Al B

PWM34_iso ERR17—

PWM35_iso| RS422 PWIVI34_P/I_\
’| transceiver PWM35_P/N

|| 11—

[
38
3

(5] @z
gl

GND_PWM

Figure 26: PWM functional block chain (J43).

PWM_Ena_SCL *Only outputs bits 0 and 1 are used

PWM_Ena _SDA Ena0 Enad
Enal Ena5
| TCA9538 Ena2 Enab
12¢: 730+ Ena3 Ena7
Ena8 Enal2
| TCA9538 » Ena9 Enal3
12¢: 71h EnalO Enals
Enall Enal5

TCA9538 [Enal6

12¢c: 72h | Enal7

> *

Figure 27: PWM functional block chain. Enable signal detail.

ERRx or PWM error signals are directly connected to KRIA K26 PL pins, those signals
are not multiplexed as ENAx (PWM enable) signals.

The connection wire of PWM channels and pin-out can be seen in the figure 28:
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3

)

[ ]
- L=
[ o]

- =
W =

-_—
-

PWM_A_P
PWM_A_N
ENA
PWM_B_P
PWNM_B_N
ERROR_B
— 5V_PWM
GND_PWM

o C O/ Bl BY G BY Br

:
;
J

Figure 28: PWM channels RJ45 connector pin out.

5.11.9 Analog input channels

There are 24 analog inputs with two different types of ADC channels: quick (x12 chan-
nels at 3Ms/s) and slow (x12 channels at 500ks/s), however, the analog input stage is common
to both types. The next figure shows the input analog chain placed in all channels.

The frequency response of the chain is determined by C1, C3, and C4; the gain of the
output of the system can be calculated by the next formula:

Ry

_ + _ V-
V;)ut - 2 . Ra (‘/;n ‘/;n) -I_ V;)ESCt (1)
Of fset

Ry N O

R, R,
AN AAA ¥ Fo
— ANA————out
V;n Cl :: -

Ra Ra Rb C4 _

AN AAN, AN

| 1
||
C3

Figure 29: Analog input channels front end
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Slow analog channels.

Those channels have the following details:
* Differential high impedance input
* Analog input voltage spam: 0-5V

* Total gain of the analog chain: 1V/V (5V/5V=1V/V)

* Value of the components: Ra=5kOhm, Rb=10kOhm, C1=56pF, C2=56pF, C3=56pF,
Rout=330hm, C4=10nF, Voffset=0V (under special request can be connected to

2.5V)

* ADC features (ADC124S051): 12bits per channel, 4 channels, 500ks/s per channel,

SPI

* ADC analog input spam: 0-5V

* Maximum bandwidth of the analog input slow channel (-3dB): 200kHz (limited
by C1-C4 capacitors, this BW can be modified by PSC under special request)

Figure 30 provides more details about signals:

J67

1 : 05V ana
CHO N Ana|0g N 5 ;’. .Eff_‘nSOr: L[)) -
L . L 3 Sensor
Cha n 4 4 > GND_ana
53375-0410
sSCLK J69 .
11— — 5V_ana
% ADC CH1 | Analog | I - ‘
S = . i 3 SensorN_1
= | ADC124s051 chain sF—  BGND am
s/CS 53375-0410
J68
Note: Connector letters L I
imply the serial channel CH2 | Analog > 215 S _
J67A => sSCLKO Chaln -1 4 > GND_ana
J67B => sSCLK1 53375-0410
J67C => sSCLK2 170 1
1 {5V _ana
CH3 | Analog R D -
L . > 3 3 SensorN_3
Cha N 4 4 {>GND _ana
53375-0410

Figure 30: Slow analog input functional block chain.

Quick analog channels.

Those channels have the following details:
* Differential high impedance input

* Analog input voltage spam: 0-5V
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* Total gain of the analog chain: 0.66V/V (3.3V/5V=0.66V/V)

* Value of the components: Ra=7.5kOhm, Rb=10kOhm, C1=10pF, C2=10pF, C3=10pF,
Rout=330hm, C4=1nF, Voffset=0V (selectable among 0V and 1.65V)

ADC features (AD7276A): 12bits per channel, 4 channels, 3Ms/s per channel, SPI
+ ADC analog input spam: 0-3.3V

* Maximum bandwidth of the analog input quick channel (-3dB): IMHz (limited by
C1-C4 capacitors this BW can be modified by PSC under special request)

Figure 31 provides more detail about signals:

171
1 :
1 D5V _an:
CHO . Ana Iog . 2 2 Sensor® 0 q -ana
- i » 3 3 SensorN 0 g
C h aln 4 {>GND ana
53375-0410
gS1 x 173
1 1 D5V ana
_C%_X_ CH1 | Analog | Y XY E
g x L . L 3 -~ SENSOM q
qS4 X ADC Cha|n 4 4 > GND ana
—— AD7276A 53375-0410
qSCLK_x J72
—_— 1 g
CS X 1 2 SensorP 2 q e =ana
—a/CS x| CH2 | Ana log , s
: >4 -
Note: Connector letters chain _ ! P D e
) ] 53375-0410
imply the serial channel
J71A=>g51_1 = ! b
- — - - O 5V_ana
J71B => qSl 2 CH3 Analog 5 2 SensorP 3 g
- L . > 3 3 SensorM 3 q
J71C=>¢gS1_3 chain = $>GND _ana
53375-0410

Figure 31: Quick analog input functional block chain.

5.12 Connector shielding

All connectors applicable include the possibility to connect its metallic cover (shield) to
an additional EARTH plane accessible through CarrierBoard mounting screw holes. This
detail is of paramount importance in the case of controlling high-power converters where
EMI can interfere or get introduced in wires or connections not shielded.

Each connector shield is, by default, connected to a regular “gnd”. Connection to
EARTH can be done by PSC under special request.
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6 Programming user guide

6.1 Development enviroment

To work with the CarrierBoard it is necessary to use Vitis, an ecosystem provided by
Xilinx to facilitate the use of its products. This manual provides some basic information
about the programs of the Vitis ecosystem. It will also address the use of the template project
that PSC provides to ease the use of SmartRCP.

6.1.1 Introduction to Vitis

The software tools required to work with SmartRCP are:

1. Vivado: For the development of all the digital designs used in the FPGA, as well
as for the basic configuration of the board’s peripherals: JTAG, Ethernet, SD, etc.

2. Vitis: Development of the hardware part of the design: microprocessor program-
ming, memory management, debugging, etc.

3. Vitis HLS: This tool allows high-level synthesis of C++ code and generates digital
designs for implementation on FPGA. This tool is optional but PSC recommends
its use.

6.1.2 Vitis Download and Installation Instructions

Before starting with the download and installation it is important to note that both the
provided template project and the instructions for use are made with Vitis version 2022.1.

1. Click on the link below https://www.xilinx.com/support/download/index.

html/content/xilinx/en/downloadNav/vivado-design-tools/2022-1.html, se-

lect the Web Installer option that corresponds to your operating system (An AMD
account must be created before you can install).

X Xilinx Unified Installer 2022 1: Windows Self Extracting Web Installer (EXE - 205.92 MB)

2. Execute the downloaded file, a welcome screen will appear, and click next. Login
with the same account. Select "Download and install now", and click next.

3. Select Vitis and click next.

4. Select the following options and click next.
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i: Xilinx Unified 2022.1 Installer - Vitis Unified Software Platform

= m] X
Vitis Unified Software Platform Xl LI NX
)|

Customize your installation by (de)selecting items in the tree below. Moving cursor over selections below provide additional information.

The Vitis unified software platform enables the development of embedded software and accelerated applications on heterogeneous Xilinx platforms including FPGAs, SoCs, and
Versal ACAPs. It provides a unified programming model for accelerating Edge, Cloud, and Hybrid computing applications. This installation is a superset that incdudes the Vivado
Design Suite as well. Users can add Vitis Model Composer which is a Xilinx toolbox for MATLAB and Simulink to design for AI Engines and Programmable Logic. If you have been
using Xilinx System Generator for DSP, you can continue development using Vitis Model Composer.

- V| Vitis

- [4]  vitis IP Cache (Enable faster on-boarding for new users)

- /| Vivado

- /1 Viis HLS

- [ vitis Model Composer(Xilinx Toolbox for MATLAB and Simulink. Includes the functionality of System Generator for DSP)
DoclNav

-l Devices

Install devices for Alveo and Xilinx edge acceleration platforms

Install Devices for Kria SOMs and Starter Kits

Devices for Custom Platforms

SoCs

7 Series

UltraScale

- UltraScale +

- [ versal Acap

@[] Engineering Sample Devices for Custom Platforms

£y Installation Options

. M Install Cable Drivers (You MUST disconnect all Xilinx Platform Cable USB II cables before proceeding)

poaee
KKK

Download Size: 63.7 GB Reset to Defaults
Disk Space Required: 244.89 GB

Copyright ® 1986-2023 Xilinx, Inc. All rights reserved. < Back Next > Cancel

Figure 32: Vitis installing options.

5. Accept all the conditions and click next in all the following windows.
6. Finally, an installation summary tab will appear. Click on install, this process takes

some time.

6.2 Vivado software tools

This section defines how to use Vivado to:

* Create a project and the main configuration

L]

Add an IP
 Use the Constraints file and create Ports

* Generate Bitstream

* Use the SmartRCP_Template

6.2.1 How to create a project and the main configuration

This section contains the basic steps to create a new Vivado project together with the
necessary configurations to be made.

1. Open Vivado software, in the main screen you will see several options, go to "Quick
Start" and select the option "Create Project".
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2. In the first window that pops up click next. In the next window define the name
of your project and the location where it will be saved; Leave the option "Create
project sub-directory” checked. It is recommended that the location where the
project is saved should not be too long, as this can sometimes cause problems. Click
next.

3. Leave the following options checked and click on next.

#* New Project

Project Type
Specify the type of projectto create. '

e RTL Project
You will be able to add sources, create block designs in IP Integrator, generate IP, run RTL analysis, synthesis, implementation, design planning and analysis.

+| Do not specify sources at this time

Projectis an extensible Vitis platform

Post-synthesis Project
You will be able to add sources, view device resources, run design analysis, planning and implementation.

IfO Planning Project
Do not specify design sources. You will be able to view part/package resources.

Imported Project
Create a Vivado project from a Synplify Project File.

Example Project
Create a new Vivado project from a predefined template.

Figure 33: Vivado project options.

4. In the new screen, go to Boards and select "Kria k261 SOM”. See figure 34.

’

Default Part
Choose a default Xilinx part or board for your project [

/ First
Parts | Boards

@ To fetch the latest available boards from git repository, click on ‘Refresh’ button. Dismiss

Reset All Filters
Vendor: Al v Name: Al v BoardRev. Latest v

a " Second

Search: kria k26i SOM v | (1 match)

Display Name Preview Status  Vendor File Version  Part

Kria K261 SOM o,
Companion Card Connections Q Installed xilinx.com 13 Industrial tem
\Select

/ REFRESH BUTTON

<

Refresh | Catalog was last updated on 04/04/2023 10:46:17 AM

Figure 34: Vivado project part definition.

5. Finally, a summary window appears, click on Finish.

6. The project has already been created. Next is to perform some basic configurations,
to do so, go to the project manager area and click on Settings.
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Flow Navigator =8 ? - Project Settings
General
v PROJECT MANAGER Simulation
Elaboration
£} Settings > i
Implementation
Add Sources Bitstream
> P
Language Templates ool Seitiags
Project
4} P Catalog IP Defaults
> Vivado Store
Source File
Vv IP INTEGRATOR Display
Help
Create Block Design > Text Editor
3rd Party Simulators
Open Block Design > Colors
Selection Rules
Generate Block Design Shortcuts

> Strategies
> Window Behavior

Figure 35: Vivado project option configurationn

a. In “general”, in the "Target language" area define the digital design lan-
guage. Select VHDL in this option.

b. In “Synthesis”, click on the three dots next to "Incremental Synthesis"
and select the option "disable incremental synthesis" and click OK.

Settings

Incremental synthesis: Mot set E'

c. In “Implementation” go to settings and disable all optimization options.

*~Power Opt Design (power_opt_design)
is_enabled O

*Post-Route Phys Opt Design (phys_opt_design)
is_enabled O

7. In "IP INTEGRATOR" click on "Create Block Design". This will create a graph-
ical interface where the user can add his RTL digital designs and IP blocks and
interconnect them graphically.

8. Clicking on the "+" icon or alternatively ‘ctrl + I’ will bring up a search bar with
the IPs that Xilinx provides to its users. Search for "Zynq UltraScale+ MPSoC" and
double-click on it. It will be added to your central window (the graphical interface

of the design).

9. Click on "Run Block Automation", a new window will pop up, click on OK.
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10. This IP allows the configuration of various board parameters such as clock fre-
quency, use of various peripherals such as Ethernet, etc.

6.2.2 AddanIP

1. In "Project Manager", go to "IP Catalog", right click anywhere in the white part
of the new IP catalog tab that has appeared. In the options that appear, select "add
repository", go to the location of the IP you want to add and select it.

2. If the selected file contains valid IPs, a pop-up window appears with the number of
IPs found.

¢ Add Repository X
o 4 repositories were added to the project

Repositories

- -
= -

~ iCarrierBoard_Base_project20231015/_IP_SRC/PSC_CARRIERBOARD_DRIVER_v240307
~ |Ps (1)
PSC_CarrierBoard_driver_v240307 (PowerSmarContr:PSC:PSC_CarrierBoard_driver_v240
~ clCarrierBoard_Base_project20231015/_IP_SRC/PSC_Driver_test
~ IPs (1
Driver_TEST_gen_v1_0 (FowerSmartControl:PSC Driver_TEST_gen:1.0
~ ciCarrierBoard_Base_project20231015/_IP_SRC/PSC_OSCILLOSCOPE_TEST_V240305
~ |Ps (1
PSC_OSCILLOSCOPE_TEST_V240305 (PowerSmanControl:PSC:PSC_OSCILLOSCOPE_TI

~ ciCarrierBoard_Base_project20231015/_IP_SRC/PSC_oscilloscope_v240305
~ |Ps (1
AX|_PSCoscilloscope_v240305 (PowerSmartControl:PSC:AXI_PSCoscilloscope_v240305:1.

Figure 36: IP repository in Vivado project.

3. In "Diagram", it is now possible to add the IPs to the project in the usual way using
the "+" button and searching for it by name.

6.2.3 Use the Constraints and create Ports

The Constraints file contains the declaration of all the physical pins of the SoC. These
pins assign the input/output signals handled in Vivado IP integrator with the physical pins
of the SOC.

Steps to add the Constraints file:

1. In Project Manager, select “Add Sources”
2. In Add Sources, select “Add or create Constraints” and click next.

3. Select the option to add source

4. Add the file and click OK.
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The constraints file defines the characteristics of the pins, assigns them a name and locates
them with respect to the physical pins of the SOC. The use of ports is necessary to relate
the name assigned to the pins with the input and output signals of the FPGA.

Steps for port declaration:

1. Right click on the signal and select the "Make External" (ctr] + T) option.

sSCLKO

I -
sSCLK1 Block Pin Properties...

*

SSCLK2 Highlight »

snCSO m

B copy
snCS1 m _

Q  search
Wy SelectAll

4+ Addip
Add Module
S5 Make External

Pinning »

Figure 37: Creating an external port.

2. Change the port name to match the name of the output you want to use from the
constraints.

External Port Properties ?

{J sncs2 - o

Name: snCS2

Direction: Output

Net PSC_CarrierBoard_dri_0_snCS2

General Properties
Figure 38: Changing name to an external port.

6.2.4 Generate Bitstream

Bitstream is the file that defines the HW configuration of the PL side of the SOC device.
This file is the output of Vivado program and the input into Vitis program. To generate
this file, follow the next steps:

1. Click on "validated Design" or F6 K1

2. Click on “create HDL wrapper”
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Sources

Q

? 00X

=

: + B
Design Sources (1)
~ @ - Base_project_wrapper(STRUCTURE) (Base
R ———
> ®d Source Node Properties...

> Constraints (

roject_wrapper.vhd) (1)

@ OpenFile
> Simulation St

> Utilitv Source!

Create HDL Wrapper...

Figure 39: Creating HDL wrapper.

3. Click on “Generate Output Products”, a new window emerges, make sure the fol-
lowing settings are checked.

Sources

Q

~

? 00X

-

-

+ B
Design Sources (1)
~ @ - Base_project_wrapper(STRUCTURE) (Base_project_wrappervid) (1)

Base_projert i Base nraiect (Rase nraisct bl (1)

> @ Base_prg
> Constraints (1)
> Simulation Sources (|

Source Node Properties
[ OpenFile

Create HDL Wrapper.

> Utility Sources (1) ) )
View Instantiation Template

Generate Output Products

Figure 40: Generating output products.

4 Generate Output Products

*
The following output products will be generated '
Preview
O. = =
v | Base_project bd (O0C per IP) -~
Synthesis
Implementation
Simulation
Hw Handoff &

Synthesis Options

(@ Glopal
} Out of context per IP
J Out of context per Block Design
Run Settings
Zl: On local host: MNumber of jobs: | 8

( : Generate scripts only

() Da not launch

Figure 41: Generating bitstream.

4. Click on Generate Bitstream and click ok in the pop-up window.

Vi Generate Bitstream

5. To continue with the design flow in the other tools of the Vitis environment it

is necessary to export the synthesized design together with the bitstream. Click
File/Export/Export Hardware.
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§  CarrierBoard_Base_project - [Ci/CarrierBoard _Base_project/CarrierBoard_Base_

File Edit Flow Tools Reports Window Layout View

o
Project > _m o ’, LI -
I Add Sources... BLOCK DESIGN - Base_project
Close Project
Sources x Desig Sig
a = & +

Save Block Design As...
v Design Sources (1
Close Block Design .
~ @ . Base_project_wra
Checkpoint 3 ~ Base_project_i: |
» @ Base_praject
~ [ Constraints (1
v constrs_1(1
P b [ CarrierBoard.xdc

> Simulation Sources (1

Text Editor 3
> Utility Sources (1
<
Export Export Hardware..
Print... Export Block Design...
Exit
~RTTENACYSTS ™1 Export Simulation...

Figure 42: Exporting HW.

6. Click next in the tabs, make sure that in the second tab the option "include bit-
stream" is checked.

#  Export Hardware Platform x
| Output

| Setthe platform properties to inform downstream tools of the intended use of the target platform’s hardware design '

Pre-synthesis
This platform includes a hardware specification for downstream software tools.

@ Include bitstream
This platform includes the complete hardware implementation and bitstream, in addition to the hardware specification for
software toals

Figure 43: Exporting HW with bitstream.

6.2.5 How to use SmartRCP_Template provided by PSC

An introductory overview of the Xilinx toolchain has been provided; however, to ease
the use of SmartRCP system, PSC provides a full template so that most of the configurations
have been fully made. This SmartRCP_Template has already defined:

1. All the constraints and ports available in SmartRCP
All the IP blocks required to manage SmartRCP system

All the configuration of the clocks, RAM, peripherals and its connection

N A

Some dummy blocks to generate data and convert the template into a working
example

The SmartRCP_Template project provided by PSC is: “SmartRCP_Template”. This
project contains:

1. Vivado project

2. IP sources already included in Vivado project (_IP_SRC). That includes Control-

Board drivers, Oscilloscope and TEST IP.
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3. Constraints source already included in Vivado project (src_constraints)
4. Oscilloscope and TEST application microcontroller source files (ELE_boot_src)

To use this template Vivado project, it is important to take into account a series of re-
quirements:

* Project name: “SmartRCP_Template”
* Vivado version 2022.1. Its correct operation is only guaranteed under this version.
* For the project to run properly, it must be located on the following path:
* “C: SmartRCP_Template”
Steps for using and customizing SmartRCP_Template:
1. Unzip the project.

2. Open Vivado 2022.1 and select the “Open Project” option, a file browser will ap-
pear, go to the project location and open the project file SmartRCP_Template.xpr

¢

Fie  Flow Tools Winoow  Help
Look in: CarrierBoard_Base_project20231015

VIVADO’

ML Editions IP_SRC
APP_01
boat_in

. boot_out
Quick Start T —
CarrierBoard_Base_project.gen
CarrierBosrd_Base_projscthw
CarrierBoard_Base_projectip_user_files
CarmlerBoard_Base_projectruns

Create Project >

Open Project »

‘Open Example Project »

CarrierBoard_Base_project sim
CarrierBoard_Base_project.sics

TaS kS CarrierBoard_Base_projectimp

ELF_boot_src
Manage IP » stc_constraints

en Hardware Manager Zyma_cont
::ado Store > o & P ;:i:rl!n;rd_ﬁzss s_projectxpr #2
Figure 44: Opening SmartRCP_Template.xpr.

3. At this point the Vivado project will open. As the template project includes all the
SOC configuration, there is no need to modify the Zynq Processing System IP
block

4. The “Block Diagram” will open. See next Figure. The following types of blocks
are placed and connected:

(a) The oscilloscope block includes the FPGA data acquisition side of PSC-
Oscilloscope product.

(b) TEST blocks are used in this example to introduce known data into the
drivers. When adapting the template project to a user real application,
these TEST blocks shall be removed, and the inputs of the drivers con-
nected to the required user IP blocks. More detail about the procedure is
given in the proper section.

(c) The oscilloscope block includes the FPGA data acquisition side of PSC-

Oscilloscope product.
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(d) ILA block is provided by Xilinx and can be used as a logic analyzer. Its
potentiality is covered in more depth in the proper part of this manual.

(¢) Driver_CarrierBoard is an IP which integrates all the drivers required to
make the integration of SmartRCP system with CarrierBoard.

(f) UltraScale+ setup blocks are used to define the clocks and main configu-
ration of the SOC. The user must be cautious when modifying this con-
figuration. PSC provides this block fully configured.

Oscilloscope [ = == = === =S e e e m e mmmm—mm—s o SssSss s mmsmmsmommssmmssssssese e : Oscilloscope
ol
- Eh e =
R cmmefmmmm e . |
UHraScalet r= = = = = mm e e o e o o o b o o o i o o o o o o " !- —————————————— = ILA
Setup | b o I i ]
1 1 1 1
! : I '
YV VT - 1
1
-=
) P e 17— = /i O " Driver
Driver TEST | i I Carrier Board
i e i
I 3 I
1 nln 1
1 1
1 1
1 1
1 1
: = eowan lamas :
oW i
1
i (] ]
1 P
1 — || & I 1
; i poc :
i - I
1 1
Ig 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

Figure 45: IP Integrator view of SmartRCP_Template Vivado project.
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DATA INPUT
DATA OUTPUT
PORTs

:Xu-! 1 = ] T j—l:‘

Figure 46: IP Integrator view of SmartRCP _Template Vivado project without TEST
blocks.

(g) Oscilloscope functionality can be used by the customer or deleted. All
unused driver IP data inputs should be connected to constants to avoid
problems during synthesis, the value of these constants is not relevant.

(h) When all the IP setting and connections are done, the user shall make the
synthesis and bitstream. Those steps have been covered in the previous
chapter.

Advanced configurations on the SOC:

SmartRCP_Template provides a full configuration of the SOC, however, that configu-
ration can be modified by the user. Some typical modifications can be:

a) Creating interrupts
b) Modifying the baud rate of UARTS or RS485
) Modifying the speed rate of ethernet or USB
d) Adding extra clocks

6.3 Documentation of Driver IPs included in SmartRCP_Template
6.3.1 PSC_CarrierBoard driv IP

This IP contains all drivers required to behave as a bridge between SmartRCP and Car-
rierBoard. It contains the drivers for all the peripherals (PWM, DAC, ADC, Digital inputs,
Digital outputs, etc.)

In the IP two types of signals can be distinguished:
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* “DATA” marked signals: these are used to read and write to the different peripherals.
Its names begin with “DATA” followed by its function and the connector to which
it belongs on CarrierBoard. User shall modify the connection of those signals to
adapt it to their needs.

* Other signals: these pins do not carry the word “DATA” and have the same name as
on the schematic, together with information on the port to which they are attached
for easy identification. The user shall make no modifications to the connection of
those signals. By doing so a HW malfunctioning can be created.

It follows a description of each of the peripherals that are controlled with this IP, their
mode of use and the ports and signals contained.

Typical applications will not require the use of all the ports of this IP, the unused in-
put ports must be connected to a constant IP block. Otherwise, Vivado will launch synthe-
sis error. The value of that constant/s is not relevant.

This IP is designed to operate with a 200MHz clock, its operation is not guaranteed if a
different clock frequency is used.

1. RS485 communication interface:
Description:

This IP provides a set of input and output data ports to manage the communication
by RS485.

Ports denoted with “HW ports” must not be modified by the user. The user can
modify the connection of “USER ports”

How to use:

It must be noted that the cross between Rx and Tx signals has been already done.
So, they must not be crossed again in user design by the user. The baud rate by
default is 115200, user can modify this value.

For the use of the RS485 the user must generate 3 output signals:

* nRE: Receiver Enable Input. This is an active low input. Driving this
input low enables the receiver and driving it high disables the receiver.

* DE: Driver Enable. A high level on this pin enables the driver differen-
tial outputs, ‘A’ and ‘B’. A low level places the driver output into a high

impedance state.

* Data: Data to be transmitted

PSC
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The IP provides an additional input signal where the user can read the received data.

Connection:

Name Size | Type Description Use

-

Data_RS485A_DE_J10
Data_RS485A_TXD_2_HO
Data_RS485A nRE_J0
Data_RS4858_DE_J11
Data RS4858 TXD_2_J1

~ Data_RS4858_nRE_J11 1bit | Input | Control lines of each of the RS485 connectors | USER ports
Data_RS485A_RXD_2_J10 |~
Data RS4858 RXD_2 411 = | 1bit | Output Data received by the RS485 connector USER ports

— RS4854_RXD_2_J10
- RS5485B_RXD_2_J11

1bit | Input | Connection to the physical pins of the SoC. | HW ports

= RS4854 RXD 2 J10
— RS485B_RXD_2_J11

1bit Connection to the physical pins of the SoC. HW ports

Connectors: J10 and J11

2. UART communication interface
Description:

This IP provides a set of input and output data ports to manage the communication
by RS232 or UART.

Ports denoted with “HW ports” must not be modified by the user. The user can
modify the connection of “USER ports”

How to use:

It must be noted that the cross between Rx and Tx signals has already been done.
So, they must not be crossed again in user design by the user. The baud rate by
default is 115200, the user can modify this value.

Connection:
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Name Size | Type Description Use
= Data UART3 RXD 2 J15
=) Data UARTA.RXD2J16 | qhi¢ | Input Data transmitted USER ports
Data_UART3_TXD_2_J15 =
Data_UARTA_TAD 2181~ | 1bit Output Data received USER ports
— UART3_TXD_2_Ji5
=] UART4_TXD_2_J16 1bit | Input | Connection to the physical pins of the SoC. | HW ports
UART3_RXD 2 J15 i—
UART4_RXD_2_J16 |- | 1}t Output | Connection to the physical pins of the SoC. | HW ports

Connectors: J15 and J16

3. USER LEDs:

Description:

There are 2 available LEDs: LEDO and LED1. How to use:

Connecting the proper port to ‘1’ will turn on the LED, connecting to ‘0’ will turn
it off. LEDO is orange and LED1 is green.

Use denoted with “HW ports” must not be modified by the user. User can modify
the connection of “USER ports”.

Connection:
Name Size | Type Description Use
UART3 RXD_2 J15
UART4_RXD_2_J16 = | 1bit | Input LED data input (‘1" implies ‘ON’) USER ports
j Data_LEDO
Data_LED1 1bit | Output | Connection to the physical pins of the SoC. | HW ports

Connectors: Ready connected with panel LEDs

4. Ethernet Ring communication interface:

Description:

The IP provides signals to manage a proper communication protocol through eth-
ernet by using two R]45 connectors.

Connector J17 is used for data transmission, it can transmit two channels in parallel.
Connector J18 is used for receiving data, it can receive two channels in parallel.
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How to use:

It is assumed that user has developed its own communication protocol and has an

IP that implements it. An enable signal must be generated by the user as well to
enable/disable the HW.

The communication channels are independent, user can user one channel, both or
none; this applies both for receiving and transmitting.

Ports denoted with “HW ports” must not be modified by the user. User can modify
the connection of “USER ports”.

Connection:

Name Size | Type Description Use
= DATA ETH1_NT = TH CH1
~ DATA_ETHZ_JIT +— THCH2
- DATA_ETH2_ena_0 +— ENABLE/DISABLE . o ) )
SIGNAL 1bit | Input Transmitting and enabling signals USER ports
Data_ETH1_J18 = +— mxcH1

Data_ETH2_J18 t=+— RXCH2

1bit | Output Receiving signals USER ports

—= ETH_Rout1_J18 <+— mxcH1

" ETH_ROUBJE =B i Input | Connection to the physical pins of the SoC. | HW ports

ETH_Diﬂ1_J1? — TK CH1
ETH_Din2_J17 pm=—+— TXCH2

1bit | Output | Connection to the physical pins of the SoC. | HW ports

RJ45 connectors are wired in the way shown in next figure. Each transmitting/re-
ceiving channel contains two wires. CH1 use pins 1 and 2 and CH2 use pins 7 and 8.

CH1 CHZ

was 0 b

i

Figure 47: Ethernet Ring R]45 signal wiring,.

FILEES
=0 |
e
LSS
EEIFrR |

~
N
'\.
b

Connectors:]17 and J18.

5. Analog outputs:

Description:

SC
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This IP provides all the necessary data inputs to control the 16-bits 16 DAC-output-
channels available in CarrierBoard.

The DAC has an output voltage range of 0-5V. The output voltage value of the
DAC is refreshed every 4.44ys in this IP.

These outputs are directly connected to the output of the DACs, care must be taken
when using or connecting those signals.

How to use:

Ports denoted with “HW ports” must not be modified by the user. User can modify
the connection of “USER ports”.

The expression needed to calculate the data required to obtain a voltage value at
the ADC output is as follows:

Data = (2'¢ — 1) . 1;0”; (2)

v_out = Voltage to be written to the DAC.
v_ref =5V
Data = The data used as input to the IP (with a size of 16 bits).

The nomenclature used in the DAC input data is the following:

DATA_DAC_<m>_<n>_J<xx

<m> and J<xx>: identifies the connector to which the output belongs.
<n>: identifies the pin inside each connector.

154 l66 J65 led |

ms3 | B3| m3 |
mz | B2 | mz2 .s
W1 | N1 | Wy | B
Ho| | M9 | mo | Mo
13121110}

Figure 48: Analog outputs connector terminology.

Connection:
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Name

Size

Type

Description

Use

DATA_DAc 0_0_J64[15:0]
DATA_DAc_0_1_J64[15:0]
DATA_DAc_0_2_J64[15:0]
DATA_DAc_0_3_J64[15:0]
DATA_DAc_1_0_J65[15:0]
DATA_DAcz_1_1_J65{15:0]
DATA_DAc_1_2_JES{15:0)
DATA DAc_1_3_J65{15:0]
DATA_DAc_2_0_J6E[15:0]
DATA_DAc_2_1_JBE[15:0]
DATA_DAc_2_2J66[15:0]

DATA DAc 2 3 J66{15:0]
DATA_DAc_3_0_J54[15:0]
DATA_DAc_3_1_J54[15:0]
DATA_DAc_3_2_J54[15:0]
DATA_DAc_3_3_J54{15:0]

16bits

Input

DAC user data

USER ports

DAC_NSYNC_L_2

DAC_SCLK_L_2
DAC_SDIN[0O]L_2
DAC_SDINj1[L 2
DAC SDIN 2L 2
DAC_SDIN 3L _2

FTTTT

‘ = <>

1bit

Output

Connection to the physical pins of the SoC.

HW ports

Connectors: |54, J66, 65 and J64.

6. Digital inputs (0-24V):

Description:

CarrierBoard provides a total of 32 isolated multiplexed digital input channels for
the user. The IP updates the value of the digital inputs every 600ps.

How to use:

Ports denoted with “HW ports” must not be modified by the user. User can modify
the connection of “USER ports”.

The data is delivered as an 8-bit frame. The mapping of the input number — signal
— connector pin can be seen in the figure 49:
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DATA Din_2 DATA Din 1
ppE /' memm|'? EEEE/’mamemm|'”
01 2 3 4 5 6 7 01 2 3 4 5 6 7
pEEE|'Y mEEm|’? e/ mmmm|'®
01 2 3 4 5 6 7 01 2 3 4 5 6 7

DATA_Din_4 DATA Din_3

Figure 49: Digital inputs connector terminology.

In the data frame, a value of ‘1’ means the input has 24V applied; a value of ‘0’ means
the input is grounded.

Connection:

Use

Size

Name

Type

Description

DATA_Din_1[7:0]
DATA_Din_2{7:0]
DATA_Din_3[7:0]
DATA_Din_4{7:0]

8bits

Output

Digital data frame

USER ports

Din_SCL =

Din_SDA =

1bit

12C

Connection to the physical pins of the SoC.

HW ports

Connectors: : J12, 13, ]20, 21, ]24, |25, 28, ]75.

7. Digital outputs (0-24V):

Description:

CarrierBoard provides a total of 32 isolated multiplexed digital inputs channels for
the user to make use of. The IP updates the value of the digital inputs every 500ps.

How to use:

Use denoted with “HW ports” must not be modified by the user. User can modify
the connection of “USER ports”.

An 8-bit frame must be provided by the user to the IP to control the state of the
digital output pins. In the data frame, a value of ‘1’ means 24V will be applied; a
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value of ‘0’ means the it will be grounded.

The mapping of the input number —signal — connector pin can be seen in the figure

50:
DATA Dout_4 DATA Dout 3
ja
pees pems/” |(meee/? mmms|?
01 23 45 6 7 01 23 45 6 7
J5
ppen mEEE’ |(mmem?spmsl?
01 2 3 4 5 6 7 01 2 3 4 5 6 7
DATA_Dout_2 DATA Dout_1
Figure 50: Digital outputs connector terminology (0-24V).
Connection:
Name Size | Type Description Use

= DATA_Dout_1[7:0]
= DATA_Dout_2{7:0]
= DATA_Dout_3(7:0]

g [l G N 8bits | Input Digital data frame USER ports
Dout_SCL t
Ll Uz 1bit | I2C | Connection to the physical pins of the SoC. | HW ports

Connectors: |4, |5, J14, 19, ]22, J23, ]26, ]27.

8. Digital outputs (0-3.3V):
Description:

CarrierBoard provides 14 digital outputs channels with voltage between 0-3.3V.
The refresh time of the digital outputs is 500ps.

How to use:

Ports denoted with “HW ports” must not be modified by the user. User can modify
the connection of “USER ports”.

An 8-bit frame must be provided by the user to the IP to control the state of the
digital output pins. In the data frame, a value of ‘1’ means 3.3V will be applied; a
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value of ‘0’ means the it will be grounded.

The mapping of the input number —signal — connector pin can be seen in the figure

51:
| J70A J6BA | JEB.&I | Jﬁ?ﬂ.l
J55 152 145 156
Bit Bit Bi B
Es Hs M 7 M 3
[ N2 B s B2
3,3v—{» ll x M1 Hs H1
GND{= [l x M of M 4 M of
L J ! ; J
1
DATA_DOUT 2_3_3v [bit] DATA_DOUT_1_3_3v [bit]
Figure 51: Digital outputs connector terminology (0-3.3V).
Connection:
Name Size | Type Description Use
j DATA_DOUT1_3_3v7:0]
b 8bits | Input Digital data frame USER ports

PWM_Ena_SCL_2 ':

FWM_Ena_SDA_2 1bit | I2C | Connection to the physical pins of the SoC. | HW ports

Connectors: J45, J52, ]55 and J56.

9. PWM channels:
Description:

CarrierBoard manages 36 PWM signals with their corresponding 18 error inputs
signals and 18 enable outputs signals, it shall be noticed that each RJ45 is intended
for a transistor branch or leg so it includes two PWM channels, and error and an
enable signal.

There are 16 single R]J45 connectors and 2 double RJ45 connectors. The details of
the signals are:

* 36 PWM signals: updated at the FPGA clock speed, in the template
project at 10ns.
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* 18 ERROR signals: NOT multiplexed and read at the FPGA clock cy-
cle rate of 10ns.

* 18 enable signals: multiplexed and updated every 500ps.

General connection and pin out of a RJ45 PWM connector:

The pin out of the PWM RJ45 connector can be seen in the figure 52:

PWM_A_P
PWM_A_N
ENA
PWM_B_P
PWM_B_N
ERROR_B
5V_PWM
GND_PWM

Figure 52: Pin out of the PWM R]45 connector.

How to use PWM signals:

Format of the Driver IP input data of the PWM signals:

DATA_PWM_<ID>_J<XX>_<L>

<ID>: used to arrange the IP block interface to match the placement of

the connectors on the Control Board.

J<XX>: Indicates the connector through which the signal is output.

In the double connectors (J41 and J43) an A/B is added depending on
whether it is the RJ-45. ‘A’ is for top connector and ‘B’ for bottom connector.
<L>: indicates the pair of wires (positive and negative) of the RJ-45 con-
nector on which the signal is generated.

How to use enable signals:

There are three 8-bit data inputs, each bit representing the enable/reset signal of
one of the connectors. The correspondence is shown in the next table:
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! I

0 136 0 J43A 132
1 J34 1 1438 130
2 J29 2 J41A

3 137 3 1418

4 131 4 135

5 129 5 J33

6 140 6 144

7 138 7 14z

How to use error signals:

The IP block provides a 32-bit data output (DATA_PWM_ERROR), the first 18 of
these 32 bits contain the signal received by the connectors. The correspondence
between the received bits and the connectors is shown in the next table:

| BT ERRORSOURCE BT  ERRORSOURCE BIT  ERRORSOURCE BT
o 136 5 125 1

o J41_UP 15 42
1 134 B 140 11 J41_bottom 16 J3z2
2 139 7 )38 12 135 17 130
3 137 a8 143_UP 13 133
4 131 9 J43_Bottom 14 144
Connection:

Ports denoted with “HW ports” must not be modified by the user. User can modify
the connection of “USER ports”.
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Name

Size

Type

Description

Use

) NN N NN N N N N N (N N N N N U N A N N N N U N U N S S A

DATA_PWM_01_J30 A
DATA_PWM_01_J30_B
DATA_PWM_02_J32_A
DATA_PWM_02_J32 B
DATA_PWM_03_M2_A
DATA_PWM_03_M2 B
DATA_PWM_04_J44 A
DATA_PWM_04_J44 B
DATA_PWM_05_33_A
DATA_PWM_05_133 B
DATA_PWM_06_J35_A
DATA_PWM_06_J35 B
DATA_PWM_07_M1A_A
DATA_PWM_0T_M1A B
DATA_PWM_07_M1B_A
DATA_PWM_0T_J1B_B
DATA_PWM_08_J3A_A
DATA_PWM_08_J3A_B
DATA_PWM_08_M3B_A
DATA_PWM_08_M3B_B
DATA_PWM_09_J38_A
DATA_PWM_09_J38 B
DATA_PWM_10_J40_A
DATA_PWM_10_J0_B
DATA_PWM_11_129_A
DATA_PWM_11_128 B
DATA_PWM_12_J31_A
DATA_PWM_12_J31_B
DATA_PWM_13_J37_A
DATA_PWM_13_Ja7_B
DATA_PWM_14_J39 A
DATA_PWM_i4_j38 B
DATA_PWM_15_J34_A
DATA_PWM_15_J34_B
DATA_PWM_16_J36_A
DATA_PWM_16_J36 B

1bit

Input

PWM signals inputs

USER ports

PWMO0_2_J29
PWM10_2_J39
PWM11_2_J38
PWM12_2_J41
PWM13_2_J41
PWM14_2_J41
PWM15 2 M1
PWM16_2_J30
PWM17_2_J30
PWM18_2_J32
PWM19_2_J32

PWM1_2_J29
PWM20_2_J34
PWM21_2_J34
PWM22 2 J36
PWM23_2_J36
PWM24_2_J38
PWM25_2_J38
PWM26_2_J40
PWM27_2_J40
PWM28_2_J42
PWM29_2_J42

PWM2_2_J31
PWM30_2_JM4
PWM31_2_J44
PWM32_2_M3
PWM33_2_J3
PWM34_2_J43
PWM35_2_J43

PWM3_2_J31

PWM4_2_J33

PWM5_2_J33

PWME_2_J35

PWM7_2_J35

PWM8_2_J37

PWMS_2_J37

1bit

Ouput

PWM signals connection to the physical pins of the SoC.

HW ports
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Name

Size

Type

Description

Use

DATA_PWM_ERROR|31:0] l—

1bit

Ouput

ERROR input signals

USER ports

ERRO_2_J20{0:0]
ERR10_2_J34[0:0)
ERR11_2_J36(0:0]
ERR12_2_J38[0:0]
ERR13_2_J40[0:0)
ERR14_2_J42(0:0)
ERR15_2_J44[0:0]
ERR16_2_J43(0:0)
ERR17_2_J43(0:0]
ERR1_2_J31[0:0]
ERR2_2_J33(0:0]
ERR3_2_J35{0:0]
ERR4_2_J37[0:0]
ERR5_2_J39[0:0]
ERR6_2_J41[0:0]
ERRT_2_J41[0:0]
ERR8_2_J30[0:0]
ERR9_2_J32{0:0]

1bit

Input

ERROR signals connection to the physical pins of the SoC.

HW ports

DATA_PWM_00_ENA1[7:0]
DATA_PWM_00_ENAZ([T-0]
DATA_PWM_00_ENA3[T-0]

8bits

Input

Enable input signal

USER ports

PWM_Ena_SCL 2
PWM_Ena_SDA_2

1bit

Input

Enable signal connection to the physical pins of the SoC.

HW ports

Connectors: |29, |30, J31, 32, |33, ]34, 35, 36, |37, ]38, ]39, 40, 41, J42, J43 and

J44.

10. Quick analog input signals:

Description:

CarrierBoard provides a total of 12 quick-analog-input 12bits channels. This IP
manages the communication with the ADCs. The sample refresh period 600ns
(1.66MSPS).

How to use:

Ports denoted with “HW ports” must not be modified by the user. User can modify

the connection of “USER ports”.

Driver IP is continuously reading the 12 bits ADCs output and making it acces-
sible to the user. The following formula can be used to convert the read data to volts:

‘/;ef =

N, read

‘/read =

oV

‘/ref : Nread
212 1

= Driver IP output data

(3)

The ADCs employed have 4 channels per chip and there is a total of 3 chips. Each
of those chips is identified by a letter in the channel nomenclature (A’, ‘B’ or ‘C’).
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Connection:

The nomenclature used by the user in ADC data signals is:

DATA_ADC_quick_<n>_<ID>

<n> is a number used to order the signals in the IP interface.

<ID> identifies to which connector each data output belongs, pro-
viding all the information needed by the user for its use.

The nomenclature used for the ADC physical signals is:

qS <n> <m> <ID»>

<n>_<m> are numbers that simply identify the signals, so that they
can be easily traced using the board schematic.

<ID> identifies the connector to be read (source of the input data).

Name Size Type Description Use

DATA_ADc_quick_00_JT1A[H:0]
DATA_ADG_quick_01_JTIA[31:0]
DATA_ADC_quick_02_JT2A{31:0]
DATA_ADc_quick_03_JT4A[31:0]
DATA_ADc_quick_04_JT1B{31:0]
DATA_ADc_quick_05_J73B{31:0]
DATA_ADc_quick_06_JT2B{31:0]
DATA_ADC_quick_07_JT4B{31:0]
DATA_ADe_quick_08_J71C[31:0]
DATA_AD<_quick_09_J73C[31:0]
DATA_AD<_quick_10_J72C[31:0]

o soecossmacno = | 32bits | Output Data read by the quick ADC USER ports
QSCLE D j=

qQSCLK 1 =
QSCLK_2 =
qnCs_0
aqniCs_1
qnCS 2

1bit | Output | Connection to the physical pins of the SoC. | HW ports

- qS1_0_JTIA
- q51 1 JTIB
= qS1_2_JTIC
= gS2 0 JT3IA
- gS2_1_JTIB
= qS2 2 JTIC
= qS3_0_JT2A
= gS53 1 _JT2B
= qS3_2 JT2C
- 54 0 JT4A
= q34_1_JT4B
- gS4 2 JT4C

1bit Input | Connection to the physical pins of the SoC. | HW ports

Connectors: J71A, J72A, J73A,J74A,]71B, J72B, ]73B, J74B, J71C, ]J72C, J73C and

J74C.
PSC
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11. Slow analog input signals:
Description:

The board provides a total of 12 slow analog inputs 12bit channels. Driver man-
ages the communication with the ADCs. The sample refresh period 10.56ps (93.8
kSPS).

How to use:

Ports denoted with “HW ports” must not be modified by the user. User can modify
the connection of “USER ports”.

Driver IP is continuously reading the 12 bits ADCs output and making it acces-
sible to the user. The following formula can be used to convert the read data to volts:

‘/ref -V, read

Vread - 912 _

(4)
‘/;ef =5V

Niead = Driver IP output data

The ADCs have 4 channels per chip and there is a total of 3 chips. Each of those
chips is identified by a letter in the channel nomenclature (A’, ‘B’ or ‘C’).

Connection:

PSC
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Name

Size

Type

Description

Use

DATA_ADe_slow_00_J67A[31:0] jm
DATA_ADc_skow_01_JGOA[31:0] =
DATA_ADc_siow_02_JG8A[31:0] jm
DATA_ADC_siow_03_JTOA[31:0] pm
DATA_ADc_siow_04_J678{31:0] =
DATA_ADc_siow_05_J608{31:0] jm
DATA_ADC_siow_06_J68B{31:0] jm
DATA_ADC_siow_07_JT08{31:0] jm
DATA_ADc_slow_08_JETC[31:0] jm
DATA_ADc_slow_09_JB9C[31:0] m
DATA_ADC_slow_10_JBSC[31:0] m
DATA_ADC_slow_11_J70C[31:0] =

32bits

Output

Data read by the quick ADC

USER ports

SDINGD fum
SDINT jum
SDINZ  jum
sSCLKD |
SSCLK1 |
SSCLKZ2 |
snCS0 =
SNCST
gNCS2

1bit

Output

Connection to the physical pins of the SoC.

HW ports

sDOUTO
sDOUTH
sDOUTZ

1bit

Input

Connection to the physical pins of the SoC.

HW ports

Connectors: J67A, J68A, J69A, J70A, J67B, J68B, J69B, J70B, J67C, J638C, J69C and

J70C.

6.3.2 IP AXI_PSCoscilloscope

Introduction

The AXI_PSCoscilloscope IP is a PSC product designed to provide full access to FPGA
internal variables inside the SoC. Its controls and capabilities are the same as the ones typi-
cally found in desktop devices.

This product requires four parts to operate:

1. An oscilloscope IP that is added to the project and connected to the signals to be

measured. It manages the data acquisition and trigger.

2. A microprocessor file (PSC_PSCoscilloscope.elf) added to the Xilinx Vitis project.
It manages the Ethernet communication and Windows user interface.

3. A file that contains the oscilloscope configuration (PSCoscilloscope_conf.txt). This
file can be modified by the user to update the IP and must be copied inside the
microSD card inserted in ControlBoard.

4. A Windows-based software that corresponds to the user interface.
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Features and interface:

AXI_PSCoscilloscope IP block interface can be divided into six parts according to its
functionality.

AXI INTERFACE —e—"+ 5 a0 _Pacops
— Rl 031 0
| ool 37 1
— el 11 0]
INPUT — el 811 0
CHANNELS | = Gt
| Chanral 8011 0
| Rl TP T
— Channnl 802110
CLOCK ==#-—— @
PHERIPHERAL RESET =% paricharsi_ronei
RESET —+=—a

Cl
-
-
-
-
-
Cl
]
CJ
-

Figure 53: AXI_PSCoscilloscope IP and its functional parts.

AXI interface:

Connects the AXI_PSCoscilloscope with the microprocessor that controls its operation
and manages the communication via ethernet. In SmartRCP_Template provided by PSC
this connection has already been made.

Input channels:

AXI_PSCoscilloscope can simultaneously measure 8 channels of 32 bits, these can be
multiplexed (by using external logic) if it is necessary to measure more signals.

Input channels must be type float numbers. In case the user needs to measure other type
of data conversions can be made in VHDL block or in HLS (we recommend using HLS).

Clock:

This signal is automatically connected when the block is added. In SmartRCP_Template
provided by PSC this connection has already been made.

Peripheral reset and reset:

It is necessary to connect the reset signal and peripheral reset signal. In SmartRCP_Template
provided by PSC this connection has already been made.

Capabilities:

* The minimum time between samples is 50ns.

PSC
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* Window size = 20k samples

AXI_PSCoscilloscope transmits packages of 20k samples per channel. Example 1:
With a resolution of 50ns a total of 1ms would be transmitted. Example 2: With a
resolution of 0.5us a total 10ms would be transmitted.

* Trigger. There are two trigger modes: auto mode and channel mode.

Auto mode: the oscilloscope is synchronized with an internal signal whose fre-
quency (period) and phase can be modified by the user in the Windows application.

Channel mode: A channel and a reference voltage value are selected, when the
signal cuts with this value, the data capture will start.

How to use and implement the AXI_Oscilloscope in a project
If the user is using SmartRCP_Template project provided by PSC skip steps 1, 2 and 3.

Please, follow the following steps:

1. Add the IP to the Vivado project repository.

2. Add the IP to the diagram (graphical interface) and accept the option to make the
connections automatically.

3. Manually connect the peripheral_reset signal.

4. Connect the signals to be measured to the oscilloscope probes (channels). These
signals must be floating types.

5. Once the design is finished in Vivado and exported to Xilinx Vitis, there are two
possibilities: using the debug mode and loading the design (HW and SW) us-
ing the USB or use a microSD. In the first case it will be necessary to add the
PSC_Oscilloscope.elf file to the debugger on the cortex r5_0 microprocessor. The
procedure for doing this is covered in the Vitis section of this manual as well as the
procedure for creating the BOOT.BIN file that is added to the microSD card.

6. Save the oscilloscope configuration file (PSCoscilloscope_conf.txt) on the microSD
card. This file contains the information shown in the next figure.
PSC_ETH_AUTO_CON: If 'Y’ is selected, the router will automatically assign an
IP address to the oscilloscope, if ‘N is selected, the IP address of the oscilloscope
will be assigned manually.

PSCope_client_status: If ‘N’ is selected, the oscilloscope will communicate only
with the client whose address has been defined, if Y” is selected, the oscilloscope
will communicate with the first user who makes a configuration request.

PSC
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<»PSCoscilloscope==>
PSC_ETH_AUTO con="Y* {¥Y/N}
P5Cope_IP="192.168.1.78"
PSCope DEFAULT_IP_MASK="255.255.255.8"
P5Cope DEFAULT_GW_ADDRESS="192.168.1.1"
PSCope_cliente status="Y"  {Y/N}
PSCope_client_IP="192.168.1.22"

Figure 54: Contents of PSCoscilloscope_conf.txt file.

7. If IP address is, it can be read as it is sent by microUSB cable at power-up.

8. Start the PSCoscilloscope application interface:

[e]

PSGosTilloscopan

PSCoscilloscope application interface

The next figure provides an overview of the PSCoscilloscope application. It provides
two different graphs in which internal variables can be plotted and several controls. See

next figure for more detail.

2. Connection Status
1. General Settings

.,
",

I3 Stu:t,fm:p button 4. Display 2
h i

psC ﬁ et =t 5. Update Oscillascope
Oscilloscope - Ll o Settings butbon

— &, time between
] - samples
B | — - 7. Trigger level
DISPLAY m1 o et
Trigger level EEE - 3 Trigger source
o] / | M= L T Multifunction input
- parameters
(=~ -1
st D | -
| D
-
10, Display control 1 & 2
asi ] )
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/
#
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) =mn /
D |
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Figure 55: PSCoscilloscope application.

Important note:
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Any modification done in the SW requires the press of button Update Config, other-
wise the change will not be applied.

General Settings:

Allows the definition of:
* IP address. Use the same address defined in PSCoscilloscope_conf.txt file.
* Clock period. This value must be 10ns.

It is necessary to press “update configuration” button for the changes to take effect.

Connection Status:

If it is red with the message "ofHline" it indicates that it is not communicating. This
situation may be due to an incorrect NET configuration or even that SmartRCP is not
switched-on.

Start/Stop button:

The start button enables data acquisition. The stop button stops data acquisition. To be
able to analyze or zoom in on the data Stop button must be pressed, to resume data acqui-
sition just press the Start button.

Time between samples:

PSCoscilloscope application always represents 20M samples, this field represents the sep-
aration between the samples. The minimum value is 50ns.

Trigger level, source and additional parameters:

The trigger level is the voltage value that initiates data acquisition. The trigger source
defines the channel that will be applied to trigger settings. It can be AUTO or a particular
channel.

If AUTO is selected two extra fields will appear to define the frequency of the internal
trigger signal and its phase, in the case a channel is selected as trigger, two fields will appear

asking for the trigger value range.

Display control:

Each graph can represent up to three signals at the same time, these fields allow to select
the viewing signals.
6.3.3 Integrated Logic Analyzer (ILA)

Integrated Logic Analyzer (ILA) IP core is a logic analyzer core provided by Xilinx that
can be used to monitor the internal signals of a design. Because ILA core is synchronous to
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the design being monitored, all design clock constraints that are applied to the design are
also applied to the components inside the ILA core. Key Features and benefits are:

* User-selectable trigger width, data width, and data depth.
* Multiple probe ports, which can be combined into a single trigger condition.
* AXI Interface on ILA IP core to debug AXI IP cores in a system.

The use, configuration and definitions of the ILA IP can be found covered in depth in
Xilinx documentation. SmartRCP does not limit in any aspect the use of this tool, from
PSC we recommend the use of this tool to debug digital signals which are used in state
machines or as alarms.

6.4 Xilinx Vitis software tools
6.4.1 Introduction

Vitis is the tool provided by Xilinx for programming the microprocessors incorporated
in their SoC devices. This section provides a brief introduction to the basic concepts and
steps required to program SmartRCP system.

6.4.2 Project creation in Vitis
1. It is necessary to have created and exported the bitstream in the Vivado project.

2. Launch Vitis.

3. Select the "Create Application Project" option and click next.

LENIE0C 4N LT E

T e ——

Hardwans Specfashion

Xk File | 2706 Example of exported

hardware file

Tegel = st B ceale FSBL D pau_soites
s Terte
Plaferm mama:  Baws_porjact_ avapp

Figure 56: Vitis architecture definition.

4. In the "Platform" window, go to the "Create a new platform from hardware (XSA)"
option and select the .XSA file that was exported in the Vivado project. Click next.

5. In the "Application Project Details" window user can choose the name of the ap-
plication to be created, the name of the system (including all microprocessors and
applications) and which of the 6 microprocessors is used for the application. Cortex-
R5 use should be avoided in case PSCoscilloscope is used as it already uses those
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microcontrollers. In this example, a Cortex A53 processor has been used and the
following names employed:

The Application Project: APP_example.
The System project: APP_example_userGuide.

~

Application Pragect Details
Sptily The dpphalnis propedl Al dnd s Srilem piptll peosetee

Appiecition paepect hsttn: PP ol |

Syitern Prapec
Coele & Sabw dyTlirmn praject fer the appltstesn of delecl 3h outing one from e wedkipes u

Sebert 3 SyEiem prophcl Tysbem progect detads

e Creste maew
System progtil name  APP_semple usel qusie
Bargt pesoerson
Seboct Rrget processer fod the Apploatasn progec
Pecomvoe Amocisted spplcations
prucorbeeatlS AP mample
priu_feemenatd 1 4 Cortex .
pru corterail 2 A-53 6 micro Processors
P evbenadd 3 .
R , Cortex available
P oortemrd,_ |
o
3 « Back Het » Cancel

Figure 57: Vitis application names and resources.

6. In the "Domain" screen the user can choose between using a Freertos10_xilinx op-
erating system or using a standalone design. For this example, standalone is selected.
Click next.
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Thie M frrmpn crasbad by B sl Baon sl T meggresanks of S e e s e Saeegiale rabectad o S rand g

Sckat a Sarmae Dremaan nata i

o Craia .

Cipaatng e adaines
Prog e [t el

ArEsRare Bl

Figure 58: Vitis OS or standalone mode selection.

7. In the last step, the user can select if a template like “Hello world” is used or a blank
project is created. Press the finish button.
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6.4.3 Procedure for loading and debugging the design on SmartRCP

This subsection shows how to generate a boot.bin file so SmartRCP system will load the
design from the microSD card and how to use the microUSB cable to load the design from
the computer and to debug it. Using the microUSB method is intended only for debug-
ging, it is the microSD card that provides space for long-term program storage.

MicroUSB program loading and debugging:

The next steps must be followed:
1. Click on "Build the active configuration of the selected project”.

2. The default configuration of CarrierBoard is booting directly from microSD card.
To enable microUSB debugging, some registers need to be modified. To do so,
open the XSCT Console and type the commands below:

connect

targets -set -nocase -filter name =pSU*"
mwr 0xff5e0200 0x0100°

ISt -system

The board has switched to microUSB boot mode. This mode will be held until
CarrierBoard is switched-off; in the following start-up it will be configured auto-
matically to boot from microSD card.

3. There are two possibilities for loading the design, using DEBUG or RUN. The
first time, the user must click in the arrow and select "Single Application Debug".

4. Click on RUN/DEBUG icon depending on the user’s needs.

microSD card loading:

It must be noted that this boot mode is intended for a mature state development as it
does not allow debugging. The user must follow the steps:

1. Click on the System project and select the "Create Boot Image" option.

gl Assestant Cllean Prapect

33 Program Device

. aa
w AP _ex arnple_uder_guid §
v .ﬁFP_hlmplt!A:phc g Create Boot Irmage
& Debug
", Relexse
' Debug
1 Felease
B Bate_project_saapper

i‘rl:gl.]m Flash
C/C+= Build Settings

Teamn ¥

Run As ¥

Figure 59: Creating boot image in Vitis.

2. A configuration window in which the path of all the needed and generated files is

shown. Click on "Create Image".
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3. Copy the Boot.bin file generated into the micro-SD card (The micro-SD card
should be formatted as FAT32).

4. Press CarrierBoard reset button.

6.4.4 How to make multi-processor designs

This section provides some basic information about the procedure to add several micro-
processors to the design. To do so, follow the steps.

1. Open the System Project Settings and click on add "Application Project".

~
o~ B-{-%-0-s- 000 -
9L Explorer = B 2 = | |[& arp . & APP_example ¢ helloworld.c
~ [FE] APP_example_user_guide
APP_example
& ide General
E APP_example_user_guide.sprj
Base_project_wrapper Project name: APP example user guide Sysroot =
Platform:  Base project wiapper | o Reot FS: ADD Application Project ..

Runtime: <pp

& System Project Settings Active build configuration: Debug ~

Options

Kernel Image:
Generate SD card image @

System PFOJECI Settings Application Projects + -

Domain Name Application Project Name Build Configuration

standalone_psu_cortexa33 0 APP_example Debug

Figure 60: Adding additional application project in Vitis.

2. Check the "Show all processors in the hardware specification" option.

3. Select the processor to be used and follow the steps of the project creation procedure
already covered in the manual.

4. The new processor will appear in the System Project, in this example it is APP_UP_2.

+l. Explorer 33 =Rk =N
vl_:__ APP_example_wser_guide |
ﬁ::t APP_example
{2} APP_UP_2
= _ide
& -ﬂcPF'_t‘-‘amplq_uscr_guldc.5pr_|
Base_project_wrapper

Figure 61: New processor added to the design in Vitis.

NOTE. The procedure for creating the BOOT.BIN file does not vary regardless
of whether one or more microprocessors are used.

5. Go to "Application" and select the new microprocessor.

SC

74 Power Smart Control SL



SmartRCP User Manual Power Smart Control S.L.

b
Create memagr med ren cend questany p
o] B peram wire Lpple wern Debesper u
FaEXIBY- e LR
F §, den [ 2ppicsman (@ fepe Sebap 0 Srgueanty B Dvvronement [ SymbodFie | 1y Souen §, Petk Bap ] Comemon
[ AT Y [
Ty & gt 8 Lrvsiin
T e Bpphasten e
R, b Srinp Cowmized Pz Progect 2pploama Dt
= Dganil ﬂ Jiss oiteatil & AP e = AFF o s G, i ey & el e
= Qymall. (KX} [ep—t It S B P 2 o 5 B, dop iy 8 T, e
o fo Tt At s Doy :
T Dot AFF v somgia- Dbt = =
L, o Bpphcatenn Dt 1E0H1
(SRR
1a, Sy Pragact Dby
B e Comresrcn gt
Pzt e Brewr
Apploston  Debug'dh UF 1ol tawnk Lot ]
[ - [rSr e
i ol ey wn ey
R ey 2]
Pt kol 11 a8 1 i e s
' [ =™

Figure 62: Selecting new processor in Vitis.

If several microprocessors are working in parallel, the user must be cautious with re-
source sharing. In the case of memory, the user must assign a specific memory space to
each microprocessor. This is done in the Linker Script located in the /src folder of each
microprocessor. The parameters to consider are marked in the figure 63.
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Figure 63: Linker memory positions in Vitis.

The available DDR memory segments and its type is shown in the figure 64:
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Address Range Zyng UltraScale+ MP5oC
0000_0000 to 0000_FFFF DDR —
0001_0000 to 0002_FFFD DDR
0002_FFFE to DOO3_FFFF DDR
0004_0000 to 000S_FFFF DDR
0006_0000 to 0007_FFFF DOR —DDR
0008_0000 to DD0B_FFFF DDR
000C_0000 to 000F_FFFF DOR
0010_0000 to 3FFF_FFFF DDR
4000_D0DD to TFFF_FFFF DDR
FEFC_0000 to FFCF_FFFF ocM ‘}_ OCM

Figure 64: DDR memory available in KRIA K26.

If the user project includes AXI_PSCoscilloscope, it will be using Cortex-R5_0 proces-
sor and the following memory segments:

DDR = > Base Address = 0x40000000 | Size = 0x7FE00000
OCM => Base Address = 0OxFFEC0000 | Size = 0x4000
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7 SmartRCP Test Mode

SmartRCP systems include by default a program that provides the user the capability to
test all HW chains of CarrierBoard. In case of any HW issue suspicion, this program can

be used.

If any HW issue is detected, please contact PSC by email to support address and be sure
to include the QR info placed on the bottom plastic cover. Further contact data is provided
in this document in the appropriate section.

For the use of this test interface, it is necessary to know the COM port identifier of the
board, so connect a computer with a microUSB-USB cable (type B) to connector J6 of
SmartRCP and check the COM port associated. Insert the COM value in the Windows
RCP_Test_Tool application by clicking on configuration button. Power up the board and
press the “start” button.

All of the tests in RCP_Test_Tool application include a question mark button which
provides a set of instructions for manual validation of the HW chain of CarrierBoard.
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Figure 65: RCP_Test_Tool Windows application main window.

All test details are provided inside RCP_Test_Tool application so no extra details are

provided in this chapter.
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8 Synchronous Buck Converter demonstrator

8.1 Hardware

To explore the basic features of the RCP system and to demonstrate its immense capa-
bilities, a tutorial has been created with a small 5W synchronous buck converter prototype.
This converter is based on the following voltage step-down topology:

o NM
J\/\/\/—' '7 I gain Connector
~ 10#
Ll J,

PWMUP—l 330 _|
Connector| _—— 2m X o ~ — §4‘7

PW Mpown 3.3n 20

V gain Connector

Figure 66: Buck Converter topology included in RCPBuckBoard

In the Figure the main components of the topology are shown:
* Two power MOSFETs with diode and snubber
* Output LC filter
* Output voltage sensing
* Test points included with its silkscreen labels
The power ratings of the converter are:

* Input: 5Vdc via USB wire (A standard 5V 2A phone charger can suit the input
perfectly)

* Output: 0.5V to 4.5V regulable via duty cycle
* Load: fixed resistor: 5W 4.70hm.

Experienced users can easily modify the converter to suit different voltages, power lev-
els, measuring points, switching techniques, control strategies, load, etc. However, these
modifications will not be covered by the product warranty.

The next Figure provides a detailed view of the board and the location of the main parts

and sub-systems:
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5V input power port PWMsignal input |Lsense Voutsense

Figure 67: RCPBuckBoard.

Next Figure provides an overview of the connection between RCPBuckBoard and
SmartRCP. There are multiple connection possibilities thanks to the high versatility of the
SmartRCP system which will lead to the same solution, in this example one particular con-
figuration has been chosen.

All connecting wires have been included.

H = o
ll USB — 2A minimum

Figure 68: Connection among RCPBuckBoard and SmartRCP.

Next figure provides the full schematic of the Sync Buck demo board to provide the user
full understanding of the components and connections made on it.
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Figure 69: RCPBuckBoard schematic.
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Next figure provides a connection overview between an external oscilloscope and RCP-
BuckBoard. With this configuration, the PWM signal, output voltage and sensing voltage
can be measured. These measures can be also taken inside SmartRCP system thanks to
PSCoscilloscope.

GND

Figure 70: RCPBuckBoard connection to a desktop oscilloscope.

Next figure provides the connections to measure the PWM pulses of both transistors.
With this configuration dead times, switching instants, etc. can be perfectly seen and mea-
sured. It shall be noted that both signals are not referred to the same point so two isolated
voltage proves are required or a short-circuit will be performed among grounds.

GND_1 GND_2
~ -

e A AARAAY,

Figure 71: RCPBuckBoard connection to a desktop oscilloscope.
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The driver used in this board is RT9624FGQW which is a sync buck converter driver
capable of switching up to 500kHz. This device automatically sets the dead times to ensure

that both devices are not ON at the same time, so it requires a single PWM signal from
SmartRCP.

8.2 SmartRCP configuring
8.2.1 Introduction

This section provides a detailed example of how to adapt SmartRCP_Template to con-
trol the buck converter inside RCPBuckBoard by performing a closed voltage loop. The
following steps must be followed:

1. High-level block design using Vitis HLS. Implementation of complex functional-
ities such as Moving Average, PID Compensator, among others.

2. Modification of SmartRCP_Template using Vivado.
3. Connection of PSCoscilloscope.

4. Implementation of a simple console on one of the microprocessors available to fa-
cilitate communication between the user, the microprocessor and the FPGA.

5. Inclusion of the necessary software for PSCoscilloscope.

The next figure shows the block diagram of this new project where the “CHi” labels cor-
respond to the channel number of the embedded oscilloscope.

.

o]
microUSB ‘ [Ethernet

o m r [l a
PL side PS side USB = 2A minimum
psc _AXILPD Ll P

S coneeasno o
Buek1 Cortex A53_0 Cd

Param
Buck 2

CH1

OPEN CLOSE A E
LOOP *— oop *+—PIDCOMP+—— ADCI71C
Carrier

PWM PWM
Board
G Drivers
dj)— ADCIT3C
CH7
PWM J’PWM _I36A,

SELECTOR

Figure 72: RCPBuckBoard project. Main block diagram and connection.

PSC

82 ower Smart Control SL



SmartRCP User Manual Power Smart Control S.L.

The following image provides a general view of the control loop of the buck converter,
this very same control scheme can be seen in the previous figure (72).

(W )Vin ) (V) Vo

Figure 73: Main block diagram of the voltage control loop.

8.2.2 Creating C-code based IP cores using Vitis HLS

Creating IP cores based on High-Level Synthesis allows the user to start with C-code
and automatically translate it to RTL code. To do so, the user has to use Vitis HLS tool. This
section provides a full example of how to use Vitis HLS to create an IP core and include it
in the Vivado SmartRCP_Template.

Moving average filter:

This IP block performs a low pass filteraction to analog input signals, such as output
voltage feedback signals, to reduce the ripple and the measuring noise naturally present in
analog measures. It must be noted that the effect of this filtering is unneeded in the case of
the RCPBuckBoard because its LC filter cross frequency is way below the switching fre-
quency of the converter so no ripple issues shall appear.

This averaging or smoothing action however is necessary in noisy environments or con-
verters with a smaller filtering action.

With this IP the whole process of using Vitis HLS is covered, this process is not repeated
with the following IPs as the user only needs to repeat the steps and indications provided

changing the source files.

The description of the required functionalities is expressed by the C++ code adapted to
Vitis HLS. See the figure 74.
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#include "ap_int.h" .
using namespace std; ~1.1P mpUt parameters —2. 1P OUTPUT parameters

4 3 Y. +
void mov_ave_fil g(ap_uint<12> data_in, float scale_bits,é :ap_uint<12> *data_outé){

gstatic ap_uint<12> x_i, xr[4] = {8}; i, 3. static variables
istatic ap_uint<4> i = 0; /

const ap_uint<4> N = 4;

const..float. factor.=.0.25;

float xx; <«—f—7—4.local variables
static float data_out_prev; 7/
ap_uint<12> data_N_bits; .«

//scale to N bits
data_N_bits = scale_bits*data_in;

//stores the values in an array
x_1i = xr[i];
xr[i] = data_N_bits;

//Calculate the average value —5. descriptive code of functionality
xx = factor*(xr[i] - x_i);
data_out_prev = data_out_prev + xx;

//Reset the array index
i=1i+1;
if (i >= N){

i=0;

} -

*data_out = data_out prev; “— 6. Output value assignment

Figure 74: Moving average filter C code.

For writing C++ code compatible with Vitis HLS, the user must consider the following
technical aspects:

* The IP block interface is defined as a function declaration. Input signals are declared
as function parameters (ap_uint<12> data_in) whilst output signals are declared as
pointers (ap_uint<12> *data_out).

* When declaring variables, it’s essential to note that only those declared as static
will retain their previous cycle’s value. Non-static variables are reinitialized in each

cycle of the IP block.
Steps to create this IP using Vitis HLS:
1. Run Vitis HLS and select the option to create a new project (File>New project).

2. A prompt will appear on the screen, allowing you to designate a name for the
project and specify the desired location for storing all associated files. Proceed by
clicking "Next" to continue.

a
Project Configuration A E
Create Vi HLS piepest of ielbcted typs ._-'

Project neme:  Mowing_seerasge_fiter |

Locaticec  C_HLS_IP_REROTITORY Browae.. |

Mt » Cancel

Figure 75: Vitis HLS project settings L.
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3. In the subsequent two windows, proceed by clicking "Next."

4. Specify the frequency as 10ns (100MHz) and the target device (xck26-sfvc784-
2LV-c). Click "Finish" to finalize the setup.

| ey —— '
; !

’ "
i W HLS Pt o e L TN Lo H
] H
—_— ? i
Salution (onfigeralion H e i
Crrpte oty B S i b B el b b b 3 ! P Emtagany Packege = H
1. Select period h e " et e 5 i
Soduten Mevar  wlutal / rII ok My e :
Clack § 3. W‘ﬂh Jﬂ:uﬁ shwc784-21V-¢ i
[ L+rnrur-|.- r l S k1 Vb H
i i
Paet Tabtagn ¥ r,..,. [p——— T s |:
Past  FekPieaive TEB e /.IZ‘ =
i f T Y Fakis o ST it 1
P — 2. Select the device \ [F =S Traq et s I e
Wivndi B Pl Tt o arocal sptass e S veie e N larged Y i
. ‘h‘l 4, Select i
6. Click \ - H
\ 5. Click '
— H
x ke i Concel .I.‘ = ~ 1

Figure 76: Vitis HLS project settings II.

5. Create a new source file with a ".cpp" extension bearing the identical name as the
[P intended for generation.

e e B

it LS SO - Mg, sveengeifter {C_WLS_ P RIR Sl i
s 1

+ [N L ; o i
Fiw Edie ot Soliten  Wedow Hep & : e . B :
BT e =ifl= B Fa I |
¥ = '

L. 5 - . ;J oo % - = o |

. » 1. Right clicks . - . |

& [ 1

v i W-W.M Fi : Tap e s | N ang s nis i
Pl o [ :

B s _‘_.-' i e pema “# 3. <IP NAME=>.cpp !

g e | %, Addleuwcr Bie ’ ¥ i !
R [pr———— ' sismpor [ e b cge ] i

. v L !

. ; i

™ . . i

2. Select ey N = Ovie e A, Click s—ge e Covede |

Figure 77: Vitis HLS project settings. Add sources.

After creating the .cpp file, simply copy and paste the descriptive code outlining
the necessary functionality for the IP. Save it by pressing the saving shortcut Ctrl

+S.

6. Navigate to the "Project/Project Settings, select "Synthesis" and designate the dec-
laration of the top function.

?.Eh:kﬁ‘

-

1. Open

= = B e ]
gl Vi LS OO g g e A RS B T ] o
P L Loitan  Wendos  aig P — 4. Click I,-".'-* L
B P Senege i'h* LSS N e — l
Explos. 6 trcden € Soum E_ | s i i '

= N ' .
B 7 G liatong® e g 4 = — — u 1 5, Select IP TOP funtion !
s i Seere File Ik Select e e il‘ | l
L[ fmianl \ 1% 6. Click r
T30 [T b S e Fin Y1 Ry "‘... '
s T rec L]

B i e Bk ol .‘1= : i : :| [ ';
LT ] -

1

]

B Hom Sl

Figure 78: Vitis HLS project settings. Select top function.
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7. Add the "INTERFACE" directive with the option "AP_NONE" to all the IP inputs
and outputs to simplify the IP interface generated.

L e |

1. Select i 1 i
1‘ N Do !
. = |-!E—d. Select
[re—
E,'-_'Mn-rl..‘![ﬁ-mﬂ s £>"0 ;" e i
£r] v, o fi f“ Qi bl :
. | & data_in ; Oyt :
2. Select and right click=4 & scate e . et IIH—S. Select
= dats s opnianal

i -rI “r  insert Dwreriive..
& Bk

w @i 1

s ophens’

L] ey | optomal
& Base 1
. s e bR sk optana
w@H 3. Click L :
& B v =pme Lophonsll
W dath gt pee 4
e (B it bt Y IFAR iiiacy
& Epie % e
\
LY Perig gl Lgnecnad
1

[rre Cancdl

6. Click

| e e e e e

B Lo S S e S B |

Figure 79: Vitis HLS project settings. Adding directives.

Vitis offers a wide variety of directives that allow precise control of the IP to be syn-
thesized: resources used, process parallelization, timing, etc. Detailed information

can be found at: https://docs.xilinx.com/r/2022.1-English/ug1399-vitis-hls/
Adding-Pragmas-and-Directives

8. Initiate the synthesis process by clicking the play button on the interface. Subse-
quently, in the pop-up window, proceed by clicking "OK" with the default values.

ﬂ it It : Riter (AL e == -

oject  Sollipn. =i

1. Click =l o ~ |2 ~ 1~ B

i 1
1 1
1 1
1 1
1 1
1 1
[ Explorer i3 =g I Clock I
F . | Paict 10 Uncertunty: i
w 15 Moving_sverage filter ™, H - I
» mp Imchudes H\.‘ I Pt Sebectiins I
w Source e | Fen mchdt-shec TRV I
= . . '
L& mov_ave filter.cpp . I Fow Taget I
LY

il Test Bench \‘ : Wiwids IF Flow Target Conlfigare progryl cplicns Ror th daloctnd ficw taiget 1
y» T solution] -, I I
\.‘ I Do et ihirve U dhalesy sgaen I

LY -
n 1 1
. : 2- C|IC1{————+ o Cancal :
- i

Figure 80: Synthesizing the IP in Vitis HLS.

9. Perform the implementation of the IP to make it accessible by a Vivado project.
See details in the figure 81.
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Figure 81: Implementing the IP in Vitis HLS.

10. Check the summary provided of the IP resulting from the process. Special atten-
tion must be given to:
* Latency. The execution time is determined by latency. Latency multiplied by
clock period is the total time that the IP requires to fully execute.

Mieddeg & L vt Tpmt Werlatan Type  Distesce Tk

& e pew

Leescpioydel)  Lewaoie) | Rostas Loty | Bbiwenl | Top Cogrt Ppoleed RAAL DSF FF LT UBAR

g ang

* Resources to be consumed by the IP.

Resource Usage
v
[SLICE | 0l
[LUT 788
| FF 677 |
[DsP | 5
| BRAM | 0|
| URAM | 0|
[LATCH), @
[SRL 0|
| CLE 0j

11. Final result: moving average filter IP

The IP block is fully created and can be included in a Vivado project, the IP block
generated following this procedure will present the following interface:
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mov_ave_fil_0

— ap_ctr
— P ap_start
Interface automatically | —| < ap_done
generated by vitis — <ap_idle Vios LS

—  ap_ready d data_out[11:0] -:F user-defined interface
— ap_clk

— ap_rst

. R == data_in[11:0]
user-defined interface {

scale_bits[31:0]

Mov_ave_fil (Pre-Production)

Figure 82: Result of the IP generated in Vitis HLS.

Note: an HLS IP includes two parts in its interface: a user-defined interface resulting from
the function arguments definition and an automatic interface that includes some signals for
managing the IP behavior, see figure 83 for detailed functioning of the automatic interface
signals.

Interface ap ctrl hs

ap_start: input to order start of the execution

ap_idle: this output indicates that the |P cores is busy

ap_ready: this cutput indicates that the IP cores can admit new data
ap_done: this output indicates that the execution has concluded

o~ ap_clk
ook | 4 2 L]
- _ll — ap_rst

wp_idle e - .Jr—
a5, rmady : i
won - =

Darta Inputs —-—-I: Rad Dy npusy :|_._._

Dt Outguts ~—-—-{ Wit Chats Ouputs }—.—.
[ |

Tl by

Figure 83: IP extra signals created by Vitis HLS.

PID compensator:

This IP block implements a PID controller that regulates the voltage value at the con-
verter output. The user has to follow the same steps shown in the previous IP procedure
but using the source files provided for this IP. The next figure provides a view of the im-
plemented algorithm and of the finished IP, note A0, A1, and A2 are the compensator
coefhicients.
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PID_comg_0

Integral

1
i
1
I
1
I
i
B I E ol ; E
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— H | N )
I
]
I
i
1
i

Bal_cntrl s

Derivative - data_i{110]

= ADQDD

- ANQTIN

= AZQ1

= upper_Emd_compensaod31:0)

Ag - elk] — Ag ek - 1]

----------------------------------------
limit compensator | vt el _companaalod 310)

dlata_im Al

upper_limit comspensator
Figure 84: PID compensator IP. View of inner algorithm and IP general view.

DPWM:

This IP generates the PWM signal that controls the MOSFET of the Buck converter
and a signal that triggers the analog acquisition of output voltage. The user has to follow
the same steps shown in the previous IP procedure but using the source files provided for
this IP. The next figure provides a view of the implemented algorithm timing and of the
finished IP.

Nr is a 13 bits integer that limits the upper level of the sawthoot carrier signal.
HB is the gating signal. Cs is the sample step, an integer of 13 bits. This number
defines how many 100MHz pulses will be among to sampling instants.

& saw_dpwm_0

Saw_carrier — Bp_ctd
= = ap_stin

-
ap_clk = - ap_dow

. P =« ap e e
/ l/i'// saw_carfler =] A ey - saw_carned 12:40]
| = o o
s B c-$ =~
| HE
|| L.

1

ap_raf
P ve_sampled[120] |m

: M 1201
- vef12:0]
T 11 T 1ttt tn - sampls_sip{i2:0]
E Sample_step ‘. Saw dpwm (Pre-Production

Figure 85: PID compensator IP. View of inner algorithm timing and IP general view.

8.2.3 Configuring SmartRCP_Template in Vitis Vivado

This section details the required steps for using the SmartRCP_Template and adapting
it for creating a new project. This section emphasizes on:

* Adaptation of SmartRCP_Template to meet the requirements of a new project.
+ Communication between the microprocessors and the FPGA.

* Synthesis, implementation, and export. These steps are critical to translating the
conceptual design into a functional implementation on the FPGA.
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It is essential to keep in mind that this tutorial is focused on serving as a guide for the cre-
ation of projects based on SmartRCP_Template. For this reason, certain more advanced
aspects, such as the generation of IP designs in VHDL or Verilog, will not be explained in
detail in this tutorial. There are additional IPs that cover auxiliary functionality. All those
IPs which are not the core of the system are not covered. As they are included, users can
explore them and recycle them into future projects.

Adaptation of the SmartRCP_Template project:

Follow the steps:

1. Open SmartRCP_Template project and eliminate the components used for testing
purposes leaving only PSC_CarrierBoard_driv IP, IP AXI_PSCoscilloscope and
UltraScale blocks. The IP blocks remaining in Vivado project are shown in the
figure 86:

3. AXI_PSCoscilloscope

Zynq UltrScale + MPSoc

1. Vivado elements| | AXlInterconnect EE sl ' a

| =

%: ( A N S— I*—JProcessor System Reset

2. Board Drivers & ports

[ ]

Figure 86: Vivado IP integrator IP blocks after deleting testing blocks.

2. Add the IPs generated in Vitis HLS to the Vivado project (Moving average filter,
PID compensator and DPWM IPs) and add the IPs to Vivado IP integrator.
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Figure 87: Adding Vitis HLS IP blocks created to Vivado IP repository.

Diagram x Address Editor x| AddressMap  x | IP Catalog X 1C|ick
@ axmoa e T 2,
_____ \,
———————— \\
P SSSR: Y — 2.EnterthelP
Search: | Q- mov.| "—_m;‘ name to be
Mo;ave_ﬁl added
3. Double-click

on the IP

ENTER to select, ESC to cancel, Ctrl+Q for IP details

Figure 88: Adding Vitis HLS IP blocks to Vivado IP integrator.

Note: Some additional IP blocks are required to create the whole system. One of
them will act as a coordinator so that the PID IP is only executed when the moving
average has finished its calculations, another block is used to transform the measured
signal of the ADC into a 12 bits signals. Those IP blocks have been provided in the
example and are implemented as simple VHDL IPs.

3. Connection of IP blocks. A green banner (Designer Assistance) will appear at the
top of the window, allowing you to perform all automatic connections (CLK, RE-
SET, AXI, etc). Select the "Run Connection Automation" option, make sure all
checks are enabled and click OK. See the next two figures (89 and 90).
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Figure 89: Designer Assistance conﬁguration.
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Figure 90: Required connection of signals between IP blocks.

4. Connection to PSC_CarrierBoard_driv IP. Data outputs that are not required can
be left unconnected. In the case of the inputs of the IP blocks, if they are not
used, they cannot be left unconnected, so it is necessary to use constants IP blocks
to connect them. PSC_CarrierBoard_driv IP will be connected as shown in the

figure 91:
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DATA_ADc_quick 01_J73C[31:0)
DATA_ADc_quick_02_J72C[31:0)
DATA_ADc_quick_03_J74C[31:0)
DATA_ADC_quick_04_J71B[31:0]
NATA AN- Auick 08 173RM1-0

|

Change_32_12_0

J‘ Data_in[31:0] RTL Data_ouf11:0) r_EV""aT e

Change_32_12_v1_0

To moving
average filter

CH1

2
3
>
E
Iy
g
[
®

m

oo
00 |
iem” AXI_PSCoscilloscope

(HB or — - DATAj'WM:IG J36_A
Openloop)

Figure 91: PSC_CarrierBoard_driv IP connection.

5. Connection of remaining IP blocks. A brief description of remaining Ips and their

functionality is provided below:

* Change _32_12: IP block made in VHDL that generates an output data consisting
of the 12 least significant bits of the 32bit input data. It is used to adapt the ADC
data to the input of the moving average filter.

* Constant: IP block provided by Vivado. It provides a constant value of a selectable
number of bits. It is used to assign values to input ports that are not being used.
The value used has no relevance as the ports are not used. If input ports are left
unconnected a place-routing error will arise in Vivado.

* Concat: It allows to create a new signal by joining several smaller signals. It is
used to adapt the data width. Extra bits required are filled with ‘0”.

* PWM_SELECTOR: It behaves as a multiplexer, allowing to provide at the out-
put a fixed PWM (open loop mode) or a variable PWM (closed loop mode). The
selection is done by the mode CTRL_SEL input.

PWM_SELECTOR O

1 CTRL_SEL1:10]
o PAM_SIONAL OPEMLOOP  RBTL P _OUTPUT =
s PR W CLOSEL D

* INT_TO_FLOAT: It converts integer data types to float types and multiplies by a gain
value. AXI_PSCoscilloscope works with floating data so it is necessary to convert data.

PSC
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INT_TO_FLOAT_O

4 2.1
= ap e

W™ L

= ap_ck .
L= - ‘ dists_Beaf31:0]

- cata_INT[310)
- a0

* AXI_PSCoscilloscope: This IP implements oscilloscope functionality inside the FPGA.
It allows to observe internal signals. The following waveforms have been measured in this
tutorial:

O5CILLOSC0OPE MESEAURED WAVEFDRM

CHANNEL
1 Wioltage read by Alc o e T ==

Moving average of the woltage [Channell)

Last worsion date {Vivado Progect]
Larst wersacn dat (P Oscilloscops)

PID contral signal

UL

Madulation cairier sigral i
AR SUTPUT

L I - I I

Conteod selecion signal

The values measured by each channel must be in floating data type. These values are
sent to PSCoscilloscope application (via ethernet) so that the user can manage the oscillo-
scope with an interface quite similar to a desktop oscilloscope.

Note: PSC_CarrierBoard_driv transmits a large volume of data to the processor core
where it is implemented. For this reason, one of the three available AXI interfaces is reserved

so that there are no concurrency problems if several processor cores want to communicate
with the FPGA.

zynq ultra ps e 0

M_AXI_HPMO_FPD 4-}iis
maxihpm0_fpd_ack M_AXI_HPMO_LPD 4}
maxihpmO_lpd_ack pl_resetnd
plcho
UItraSCALE*‘

Zynq Ultra! + MPSoC

ressEditor x| Address Map

}

Network 0O
Masters Slaves

}

-
-
-
-
-

T —— o mESASSSRSSSe= =i

QAd4OWdH IXV W

0xa000_0000

/Param_Buck_Demo_0/S00_AXI 64K

1
1

i

1

1

i

1

1

i

1

1

0x0/ax|_PsCoscilloscope_0/S_AXI_PSCope 1288 :

1

i

1

1

i

2ynq Utrascales MPSoC (3.4 '
i
1
1

© Documentation & Presets " IP Location

e o e o o o e ]

1

1

L

]

1

1

1

1

1

1

1

1

[} [TV | R
1 e
1 SwichToAdancedmoze  ® QT %
! Search:

: PSUNaScales BockDesign

' s : Reserved in applications using the oscilloscope
i o

1

1

1

1

1

1

1

1

L

Gone
oL / If implemented correctly

you will see this in the

i t> User applications address map

> Siave Itertace

> AX HPMO FPD

> Debug

* ILA: ILA is a tool provided by Xilinx that provides a logic analyzer functionality useful
for debugging the designs. The process for adding it to the block diagram is the same as
any other IP.

Configure the IP by double-clicking on it for a data depth of 4096 and 10 probes:
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Probe Signal name
0 PWM_OUTPUT
1 CTRL_SEL
2 MOV_AVE VOLTAGE
3 MOV_AVE _CURRENT
4 ADc_VOLTAGE
5 Cs
6 Vc_sampled
7 Ap_start_to_pid
8 SAW _Carrier
9 Vc

* Param_Buck_Demo: Itis an AXI4 peripheral whose function is to transmit information
between the processors and the FPGA. It is used to transmit the necessary parameters to the
IPs, these parameters are configurable by the user by the provided computer application.

RCP

microcontroller

ETHERNET EI‘_’.‘ MRs0] i l:'_)/':lXI:::M_FPD
= USB I:l . AXI_PSCoscilloscope

FPGA

Poram_Bus Damo 1

Dperloog EHA =

N _ck_pesod[i0D] =

M gl _duyCyialian] =
Clomsl oop_EHA
M1

e SO0 _AN) =
namp_weo{lZo] =
- BN\ aj
preag - Y
- AV _Lseram{ 14
el el 15
-0 e sl AR
a3 00 e s ¥ =5
AL =
A
wppar_ealXl 2

Kot _eea{ 110}
CToe_SELY =

Microprocessor-FPGA communication (AXI4 peripheral):

1. Define the input and output signals needed. The following table summarizes all the
signals to be transmitted between the Cortex A53-0 microprocessor (application
developed for this tutorial) and the FPGA.

PSC

95 ower Smart Control SL



SmartRCP User Manual Power Smart Control S.L.

Signal name I/0 | Number of bits
OpenLoop_ENA 1
N_clk_period 11
N_clk_dutyCycle 11
CloseLoop_ENA 1
Nr 13
Samp_step 13
Scale_bits 31
Vref_cntr 12
A0 32
Al 32
A2 32
Upper_limit 32
Lower_limit 32
CTRL_SEL 2
AVG_Vsense 32
AVG _iLsense 32

—| T O|O|0|O|O|O|O|O|O| O] O] OO0

2. Create the AXI peripheral. See the following figures (92, 93, 94. and 95) where
the steps are detailed.

)
. 5 y . 7
Camersoaru_sase}ﬂea - [C/DEMO_Buck_Converter/CarrierBoard Base_projectxp,#” |
-
- 1
File Edit Flow Tools Reports Window Layout View ,,ﬁelp : P Create and Package New IP
= W o« e i VlVADO This wizard can be used to accomplish following tasks:
% [¥ Vvalidate Design Pid !
_ . : Package a new IP for the Vivado IP Catalog
Flow Navigator This wizard wil guide you through the process of creating a new Vivado IP using source files and information from
Create and Package New IP... H your current project, block design or specied directory
v PROJECT MANAGER / Create Interface Definition... ‘\\ H Create a new AXi4 Peripheral
N 1 This wizard will guide you through the process of creating a new AXid peripheral which includes HDL, driver,
£+ Settings Enable Dynamic Function eXchange... AN 1 software test application, IP Integrator VIP simulation and debug demonstration design.
\ I <
N,
Add Sources Run Tcl Script... AN : & XlLlNX Click Next to continue
1
Language Templ: Property Editor :
Associate ELE Files... 1 Cancel
¥ IP Catalog i
Generate Memory Configuration File... e e e e o o e TR D e S g e

v 1P INTEGRATOR Compile Simulation Libraries..

Create Block Des Vivado Store...

Open Block Desig Custom Commands

Generate Block D Launch Vitis IDE

Q  Language Templates

v SIMULATION £+  Seftings...

Figure 92: AXI peripheral creation I.

SC
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Package New IP

Peripheral Details 6. Customize according to user
Specify name, version and description for the new peripheral requirements In the tutorial of the synchronous buck converter:

/ Param_Buck_Demo

/ 1.0
/Param_Buck_Demo

Name: myip
Version: 10

Display name: myip_v1.0
Description: My new AXI IP

IP location: C:/DEMO_Buck_Converter/..fip_repo s C:\DEMO_Buck_Converter\IP_DEMO

ab EE

Overwrite existing

7. Click

®

Figure 93: AXI peripheral creation II

| Add Interfaces
| Add AXM interfaces supported by your peripheral [
| (] Enable Interrupt Support + - Name S00_AXI
Interfaces. Intertace Type Lite ~
< S00_AXI
| Interface Mode Slave v
d o Dala Width (Bits) az -
uemory Size (Bytes) v
— soo0_aw mony Slee Ees)
) N . :
Param_Buck_demo_v2.0 Mumber of Registers 16 [4.512]

Figure 94: AXI peripheral creation III.

VlVADO' Create Peripheral
NS Peripheral Generation Summary
1.1P ilinx. com:user.myip:1.0) with 1 interface(s
2. Driver(v1_00_a) andtestapp more info
3. AXI4 VIP Simulation demonstration design more info
4. AXl4 Debug Hardware Simulation demonsiration design more info

Peripheral created will be available in the catalog
C:/_Borrar

Next Steps:
AddIP to the repository

+—10. Select
Verity Peripheral IP using AXI4 VIP

Verily peripheral IP using JTAG interface

11. Click

i: XlLlNX Click Finish to continue

Figure 95: AXI peripheral creation IV.

3. Click on finish. The following interface will appear.
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i

Ble  Eat
5,4 - BB XP»EOE #
'PROJECT MANAGER - Param_Buck_Deme_v1_0_promct
v PROJECT MANAGER ey 2 _
& Setiocs

Q
mssonad], Double-clicl

Language Tempiates

& w Cataiog
EdtPackagsd P

* 1P INTEGRATOR

Flow Toos Repgts  Mindow Lamul Yiew  Hep

s +

ls.:-mmm 2

2. A new window appears

» = Simuizson Sources

(Create Block Design (s w
std_logic_vector (10 0:
BockD std. Logic_vector (1 ); =3. The outputs of the IP
. . std_logic; block (microprocessor->
#td_logic_vector (1
Werarchy Lo oie

 SmuLATION

std_logic_vector (1

std_logic_vector (31

FPAG communication) are
defined.

std_logic_vector (11
std_logic_vector (31
std_logic_vector (31
std_logic_vector (31

std_logic_vector (31
std_logic_vector (31

std_logic_vector (1

user edit zone —<

4. The inputs of the IP
block (FPGA->
minOPICIL'ESSOf

¥

in.std_logis vector (3l dewnre. 0

) are
defined.

Figure 96: AXI peripheral creation V.

Go down in the code to the part of "reg_data_out" signals, where you can define
in which direction each of the input signals will be read. See figure 97.

process (slv_reg0, slv_regl, slv_reg2, slv_reg3, slv_reg4, slv_regS, slv_regé, slv_reg7, slv_reg8, slv_reg9, slv_regl0, slv_regll, slv_regl2, slv_
variable loc_addr :std logic_vector(OPT_MEM ADDR_BITS downto 0);
begin

loc_ axi_araddr (ADDR_LSB + OPT_MEM_ADDR_BITS downto ADDR_LSB):

492 case loc_addr is

address 0 When b10000" =>
49 reg data out <=

address 1 ee—p wnen br0001" =
496 reg_data_out <=

address: 2 me—p wnen b"0010" =>
49 reg_data_out <=

when b"0011" =>
' reg_data_out <=

501 ! when b"0100" =>
2. reg_data_out <=
: when b"0101"
reg_data_out <=
when b"0110"
reg_data_out <=
when b"0111"
508 ! reg_data_out <=

as

| @== 5. Address assignment to input parameters
(the address at which each one will be
read is established )

AVG_Vsense;

slv_regl;

slv_reg2;

slv_reg3;

slv_reg4;
=
slv_reg5;
=
slv_regé;

=
slv_reg7;

Figure 97: AXI peripheral creation VL.

Go down to the "Add user logic here" section, almost at the end of the code. And
update the code according to the figure 98:

Project Summary x | Package IP - Param_Buck_Demo »  Param_Buck_Demo_v1_0_S00

¢c/DEMO_Buck_Converter/lP_DEMO/Param_Buck_Demo_1.0/hdl/Param_Buck_Demo_v1_0_S00_A

Q W « B B X / B Q

\ 7. Click

. —

OpenLoop_ENA = slv_reg0 (0);

N_clk_period <= slv_regl (10 downto 0);

N_clk_dutyCycle <= slv_reg2 (10 downto 0);

CloseLoop_ENA <=slv_reg3 (0);

Nr (12 downto 0);

samp_step (12 downto 0);

scale_bits (31 downto 0); = 6. The interconnection
Vref_cutr (11 downto 0); between the registers and
a0 = (31 downto 0); . .

A <eslv regs (31 downto 0); the output signals defined
22 <=slv_regl0 (31 downto 0); in the interface is written.
upper_limt (31 downto 0);

lower_limt <=slv_regl2 (31 downto 0);

CTRL_SEL <=slv_regl3 (1 downto 0);

Figure 98: AXI peripheral creation VII.
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Open the other code tab (the tab whose name ends in “_V1_0.vhd”) and update the
codes, see the figures (99, 100 and 101) below:

9. A new window a

Package IP - Param_Buck_Demo x| Param_Buck_Demo_v1_0_S00_AXLvhd » Param_Buck_Demo_v1_Owvhd*  x

> IP-XACT (1

Constraints ) e
Simulation Sources (1 8. Double-click 1

Utility Sources 5

std_logic: —
std_logic vector(10 downto 0);
std_logic_vector(10 downto 0);
std_logic;

std_logic_vector(12 downto 0);
std_logic_vector (12 downto 0);
std_logic_vector(31 downto 0);
std_logic_vector(ll downto 0);

Hierarchy  Libraries  Compile Order

Source File Properties ?2 .00 X N
2 std_logic_vector(3l downto 0); .
@ Param_Buck_Demo_v1_0vhd - o 29 :out std_logic_vector (31 downto 0); >— 10. From line 18 of the
—_— zout std_ I m
~ sout atd ogic_vector (31 dcvm\:f document that has
@) Enabled 1 :out std_logic_vector(3l downto b d
2 :out std_logic_vector(31 downto een opened, repeat
Location: c/DEMO_Buck_ConverterIP_DEMO/Param_Buck_Demo_1.0/hdl :out std_logic_vector(l downto 0); what has been
Type VHDL E] : in std _logic_vector(3l downto 0); added in step (3-4)
Library: «il_defaultlib E 7 J
Size: 6.4KB B e
Modified: Tuesday 16.01.24 10:49:32 AM “
“ 4
General  Properties < = 500 Ax1

Figure 99: AXI peripheral creation VIIL.

- X B B X N E 9
S5_AXI_ARPROT : in std logic vector(2 downto 0);
5_RXT _ARVALID : in std logic;
5_AXI_ARRERDY : out std logic;
5_AXI RDATA : out std logic_vector{C_S_AXI DATA WIDIH-1 downto 0)F
S_AKI_RRESP : out std logic vector{l downto 0}
S5 _RXI RVALID : out std_logics
5_AXI_RREADY : in std_logic;
OpenLoop ENA zout std logicy

N_clk_p :out std logic wector(l0 downto 0);

N _clk du " iout std legic_wecter (10 downto 0);

CloseLoop_ENA :out std logicy

Nr rout std logic_wector(l2 downto 0);

samp_step :out std logic wector({l2 downto 0);

scale_bits rout std legic_wecter (3l downto 0):
cntr zout std logic wector(ll downto 0);

oo

:out std logic wector(3l downto 0):
std logic wector(3l downto 0);
2 :out std legic wector(3l downto 0);
iout std legic_wecter (31 downto 0);
:out std logic wector(3l downto 0);
rout std legic_wector(l downto 0);

m
i
u
g
i

£ ow

: in std legic wecter(3l downto 0)r
: in std_logic_wvector(3l downto 0)

end component Param Buck_Demo_vl_0_SO0_RXI;

Figure 100: AXI peripheral creation IX.
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Project Summar

y x| Package IP - Param_Buck_Demo x| Param_Buck_Demo_v1_0_S00_AXLvhd

C/DEMO_Buck_Converter/lP_DEMO/Param_Buck_Demo_1.0/hdl/Param_Buck_Demo_v1_0.vhd

Q -

B B X / B 9

S_AXI_ARREADY => s00_axi_arready,
S_AXI_RDATA => s00_axi_rdata,

7 13. Click S_AXI_RRESP => s00_axi_rresp,

S_AXI_RVALID
S_AXI_RRERDY

=> s00_axi_rvalid,
=> s00_axi_rready,

OpenLoop_ENA => OpenLoop_ENA,
N_clk_period => N_clk_peried ,
N_clk_dutyCycle => N_clk_dutyCycle,
CloseLoop_ENA  => CloseLoop_ENA ,
Nr => Nr ’
samp_step => samp_step ,
scale_bits => scale_bits ,
Vref_cntr => Vref_cntr
20 => A0 ,

Al => Al ,

A2 => A2 ,
upper_limt => upper_limt ,
lower_limt => lower_limt ,
CIRL_SEL => CIRL_SEL '
AVG_Vsense => AVG_Vsense ,
AVG_iLsense => AVG_iLsense

Figure 101: AXI peripheral creation X.

— 12. The following
coding lines are
added

» Param_Buck_Demo_v1_0.vhd *

4. Package the IP and close it. Steps are included in the following images (102, 103

and 104):

Project Summary

Packaging Steps

+/ Identification

'  Compatibility

2 File Groups

2#  Customization Parameters
# Pors and Interfaces

+/  Addressing and Memory

2 Customization GUI

# Review and Package

»  Package IP - Param_Buck_Demo X

File Groups

o Merge changes from File Groups Wizard

a = & = + C
Library
Name Riame Type
Standard
~ Advanced

> VHOL Synthesis (2
> VHDL Simulation (2)
> Software Driver (5)
> Ul Layout (1)

> Block Diagram (1)

Figure 102: AXI peripheral creation XI.

Is File Group

Include  Mame Model Name

Param_Buck_Demo_v1_0

Param_Buck_Demo_v1_0
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Project Summary

Packaging Steps

+/  Identification
'  Compatibility
+/  File Groups

2 Customization Parameters

2 Pors and Interfaces

Addressing and Memary

#  Customization GUI

Z Review and Package

oject Summary

Packaging Steps

<

Identfication

<

Compativity

<

File Groups

<

Customization Parameters

<

Ports and Inerfaces

<

Addressing and Memory

<

Customization GUI

” Review and Package

»  Package IP - Param_Buck_Demo  x

Customization Parameters

Q =z $ = +

Name

Werge changes from Customization Parameters Wizard

v Customization Parameters

C_S00_AXI_DATA_WIDTH
C_S00_AXI_ADDR_WIDTH
C_S00_AXI_BASEADDR
C_S00_AXI_HIGHADDR

oo
c

Value Bit String  Value Value Ve
Description Display Name Value Length E ot souree | Ei
Width of S_AXI data bus C 500 AXI DATAWIDTH 32 0 long default 3z

Width of S_AXl address bus  C S00 AXIADDRWIDTH 6 0 long default

C 500 AX| BASEADDR 0xFFFFFFFF 32 bitString  default

C 800 AXI HIGHADDR 000000000 32 bitString  default

Figure 103: AXI peripheral creation XII.

| Package IP - Param_Buck_Demo

Review and Package

Summary
Display name: Param_Buck_Demo_vi.0
Description: My new AXI P

Root directory. ¢/DEMO_Buck_ConverteriP_DEWO/Param_Buck_Demo_1.0

19. Click

Finished packaging Param_Buck_Demo_v1.0’ successfully.
Package IP Location: c/DEMO_Buck_ConverterlP_DEMO/Param_Buck_Demo_1.0

18. Select
/ Do you wantto close the project?
After Packaging

An archive wil tink below to change you p

Project will be removed afer completion A.

Editpackaging P 7 P

L 21. Click e
- -
- -
- -
. - -
20. Click - g
e -
- ——
7 -

[eraamr

Figure 104: AXI peripheral creation XIII.

Important note: Due to a Xilinx Vivado known issue, AXI IPs will not automat-
ically include all source files. To overcome the issue, AXI IP makefile has to be
manually modified. To do so:

a) Note the IP real path:

1 SEmEnaty

Packaging Steps

+  Igentication

+  Compatibilty

< Filg Groups

+  Custemization Paramates

Ports and Interfaces

«  Addressing and Memory

< Custernization GLY

«  Review and Package

Package 1P - ARM_bridge =«

Idenlifcation

Venaor

Lizsary.

Mame

Wierason:

Drisplay name:
Descriggon

Vensod display name

Company un

00

xilaroe COM

user

ARU_bricge

e
ARL_bricge_v1 0

My P A 1P

Root direchary:

| s o Pscanace_2023 2004 RCPTEST Ha, VERSONIE_mpoisRil_bnage 10 |

i fise name

Categories
+

Ad_Peripheral

enline_vivide_PSCAvace_2023_2004_RCPTEST_HIL_VERSIONIp_repoiiRU_biage_1_0componentaml

Figure 105: AXI IP real path
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b) Go to the path \drivers\YOUR_IP_NAME\src and locate make file

> ARM_bridge_1_0 » drivers > ARM_ bridge v1 0 » src v O Buscar en src

~

Nombre Fecha de modifica... Tipo Tamario
L{' ARM _bridge.c
[& ARM _bridge.h

[ ARM bridge sclftestic

| Makefile

Figure 106: Makefile path

c) Identify issue lines

INCLUDEFILES=%*.h
LIBSOURCES=x*.c
0UTS = *x.o0

d) Substitute by these ones

INCLUDEFILES=$(wildcard *.h)
LIBSOURCES=$(wildcard *.c)
0UTS=$(wildcard *.o0)

e) Click on Re-package IP (step 20), otherwise the change in makefile will
not be taken into account and the issue will persist.

5. The IP that has just been generated (AXI4 PERIPHERAL) is available in the IP
catalog so that it can be added to the block diagram. See the next figure: Finally,
connect the data inputs and outputs.

Diagram x Address Editor x | Address Mar X | PV
@ a X B O Q s +
—— 1.Click
Search: O param @adi. 2. Write the IP
Param_Buck_Demo_v1.0 AXI name
3. Double-click

Figure 107: AXI peripheral creation XIV. Including IP in Vivado.
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[ P, =
Q% xoa s + E »C
R
Run Ce Automation x :
. on Comecton
4. Click 1
p—
Berigit ’
5. Select
Q = Deseription
[ T A Automabon (T oul of 1 selecied) | \_BUCK_Damo_ VS00_AN) 10 3 5+16<160 MASI OONESS S09¢H.
W Farom oo w1
) S00_A Optons.

Master niedtace IonQ_ulra_ps_e_OM_AXHPMO_LPD v

Brdge P Zyna_utra_ps_e_OM_A0_HPWO_FPD
Gloex source

6. Select

In this case the AXI BUS has been selected

because the project includes the oscilloscope

and the FPD is recommended to be reserved for

that IP. In case it is not used in the project,any  7- Click
of the available buses can be selected.

Figure 108: Configuration of the AXI IP in Vivado.

Finally, connect the data inputs and outputs.

Synthesis, implementation and export of the Vivado project:

Up to this point, SmartRCP_Template project has been customized to control a buck
converter. To optimize the organization of the design subset has been created, those subsets
include a ‘+’ mark that expands the block to reveal all functionality inside when pressed.

Follow the next steps:

1. Validate the design and create the wrapper. See the next figures (107, 108 and 109).

Figure 109: Validate the Vivado design.

B i
]

Wera Car oBhes 334 Gr dogy Tip WIL weagped e & B pead La togs
cpon F e acasd e o madl e le '

|

oy e e wraet b diim e b

[ L e |.._ 4, Select

5. Click =] [EEN |

.
"

Figure 110: Create the wrapper L.
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Figure 111: Create the wrapper IL.

2. Click on Generate Bitstream and ensure the option “Launch runs in local host” is
enabled and click OK. This process will take some time.

3. Export the results files so they can be used in Vitis SDK.
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Figure 112: Export Vivado project 1.
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Figure 113: Export Vivado project IL

8.2.4 Conﬁguring processors with Vitis IDE

This section provides a detailed description of the procedure for programming the pro-
cessors available and to use debug mode. The generation of the files needed to load the
design directly from microSD card is also covered. The next figure provides a view of the
resources available on the K26. Note there are 2 real time-oriented microprocessors (ARM
- R5) and four application-oriented microprocessors (ARM - A53); ARM-R5-0 is used by
PSCoscilloscope and it is not accessible to the user, that is the only limitation in Ps side to
the user.

PROCESSING SYSTEM

QUAD-CORE ARM CORTEX -A53
As3 0 wsay | Tmsaz ] [msaa
N \ : \
[ENTRERET PP ) M, r b . LY .
Wep wiai st el ol T R0 N DT D WOT LD
Btk Cowrmrat

rd " I LY *,

. , Vi \

'mmﬂimmxw
R5_0 [

ANE P e

Figure 114: Microprocessor resources available in KRIA K26

User interface (cortex A53_0):

Launch Vitis IDE and follow the steps covered in the next figures (113, 114, 115, 116,
and 117):
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Figure 115: Conﬁguring Vitis project L.
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Figure 116: Configuring Vitis project IL
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Figure 117: Configuring Vitis project IIL.
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16. click
--

Figure 118: Conﬁguring Vitis project I'V.
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Figure 119: Conﬁguring Vitis project V.

After clicking on finish, a new window will appear, that window is comprised of three
main parts:

* Explorer: locates all the files and source files that need to be modified to adapt the
template to the current project.

* Quick options panel: you will find the necessary options to compile the code and
download, and program the K26 card, among others.

* Main panel: the area where the project files are opened and edited.

SC

Power Smart Control SL

107



SmartRCP User Manual Power Smart Control S.L.

T T GrEL 1 | = g Ounick options panel

Explorer

Main Panel

Figure 120: Vitis IDE main sections.

Before starting to generate the code to be executed in the A53_0 processor, the project is
built to update the drivers that Vivado generates to facilitate the use of the AXI4 peripheral.
This process may take a few minutes depending on the computer on which it is executed.

Click

Figure 121: Building in VITIS IDE.

The next step consists of including the required code in the project. The code will be
in charge of two main tasks:

* Assign the drive control start values and enable the PWM output. The processor
will send to the FPGA the parameters by writing to the AXI4 IP registers.

* The processor will listen to the serial port waiting for any user command, data
request, or control mode change.

To write to the AXI4 peripheral registers, a library has been generated that provides the
necessary functions to write to the IP outputs and to read the existing values in the IP inputs.
To access the functions this sentence must be included: #include “Param_Buck Demo.h.
This library includes a list of the available registers, and write and read functions to those
registers. For writing and reading any register, it is required to know the base address of
the IP. That address is written down in the Vivado Adress editor, see the figure below 120:

«| Address Eator y#uselect.,
Q = @ 1 W aasianedid B Unagaigead 00 = Exuidad 13 Hide A
Mame B insariace Siz Segmenl  Washi Bade Asaens Rangs L3ater g ASSreEs
]
e i s _pi_w_0

myna_ulra_gs_s_0Dats

W 80 PECosalisoog_O5_ki_PSCops S_AN_PSCops  negl OESa_RAOT_BEd 4K = E0_ADIL_OTTT
W Param_Beck_Dwme_VE00_&x =00_ka S00_Ki_reg (eBd_RA0E_N0a0 B v CEOU_ALSI_FITE
IP AXI4 PERIPHERAL BASE ADDRESS

Figure 122: Checking IP base address in Vivado Adress Editor.
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When the provided code is placed instead of the Hello-World code, the project will get
the appearance of next figure. To do so, follow the steps in the figure 121.

1. Replace the “Helle Werd™ ¢ code

~ 3. Click with the one developed for
; i’/ the user application
- 1 DM e-0- = ¥ ¥ H o Dmage Ty Emimay
= =
W =

1. Double
click

EAEEEEREERRESRRER RN EEEEE

Fpdpdaddddad ddd "2
CEEIEEEREEE ERER ®

Figure 123: Update the code in Vitis IDE.

Procedure to include AXI_PSCoscilloscope in a new design: The PSCoscilloscope has
tWO parts:

1. An IP that is included in Vivado project, called AXI_PSCoscilloscope.

2. The executable file APP_PSC_OSCILLOSCOPE_V1.elf contains the program to
be run by the cortex R5_0 processor.

The way the .elf file is loaded depends on how the board is booted (debugging or by cre-
ating an SD binary file). In the following subsections, the necessary procedure is detailed.
Design debugging procedure (microUSB boot):

While in the development phase, it is usually necessary to validate design changes and
correct any bugs that are identified. For this purpose, debugging mode is required.

To debug the system, the C code has been included in the Vitis project and compiled
and a USB-microUSB cable has been connected between the computer and SmartRCP
(connector J6). Open the console functionality in Vitis and type the following commands,
see the figure 122:
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= 1. Click and
E console
appears §

e e, e ey T

Figure 124: Open console at Vitis IDE.

* connect
* targets -set -nocase -filter name = "*PSU*"
* mwr 0xff5e0200 0x0100

* rst -system
Note: if the board shuts down or resets, it is required to retype the commands again.

Configure and launch the debugger as shown in the following figure (123):

s e Pl Winiew
-4 - SO0 yD =
I.Url:""’* e —
n bt . _‘__;____..---""2 Click
...... L e [
s T .._L:-"': - T
e H.h_l.'- . 0 geTELsiesw T e e eSS e ma e e
e -~ B T =
v e e i
T ¥ — : 3
e : I
e
Ll

4. Click

Figure 125: Launching debugger in Vitis IDE L.

Once SmartRCP is programmed it is possible to use the ILA to capture the signals that
were selected during the Vivado design flow to check the correct operation of the probed
IPs.

The steps required to use the ILA query are shown in the figure below, it must be

accessed through Vivado:
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v PROGRAMANDDEBUG 1. Click| TcicConsole  Message
i Generate Bitstream { a

= =
- =

~ Open Hardware Manager | 2. childva

Open Targel !4" W gynith_1 (acty

impi_1

Fof-Conbext o

Open New Target Base_pmoject

3. Click

Figure 126: Accessing ILA when debugging.

A Cortex R5_0 processor is used to implement PSCoscilloscope. Some considerations
must be made prior to the steps explained above:

1. Limit the memory addresses to which the cortex A53_0 processor has access to
avoid data collisions between processors. See the figure 125:

I B

e P p—— —— E
! "
P "
i i
% Click 6 Click f | = — !
~ o i E = 2, Write 0xDDOZFFFD |
-5 i) : E— T 3, Wirite 004000 i
{ : H
. : g T :
| feract - JR ) |- = 4. Write OxFFFCA000 i
T i ) S f e :
e T H
LA 1= i
pare—. 4w [ - H
1. Double . .. - = i
click ‘\\;_ - ... E = E
[|=
i
i

Figure 127: Change linker file in ARM A53 when PSCoscilloscope is included.

2. Include the PSCoscilloscope elf file when programming. See details in the figure
126:
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Figure 128: Include PSCoscilloscope .elf file when programming or debugging.

Generation of files required for power-on via microSD:

The following procedure is used to generate a boot file that allows SmartRCP to self-
program at start-up:

1. Locate the files shown in the next figure inside the project folder tree and note its
path and configure Vitis as shown:

T new folder
& e
“"«. T e - ——

T---------------------------------------------------------------------1'&7-_-7-1-“1“--—'

[ 1

i 7] aPP_PSC_0SCILLOSCOPE V108 SO V1T &rchive ELF 1,167 KB E

¥ 1

’ i

i | Bue_project vrapperbit 5012028 1k Archive BIT !

[} 1

i

i | AP UPSER: ITERFACE ol M0, 2004 11:04 Archive ELF i

i 1

]

i L] fabsleit 2401/ 17:02 Erchres ELF !

[ RO |

Figure 129: Files required for creating booting files.
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Figure 130:

Vitis configuration for creating boot files I.
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Figure 131:

Vitis configuration for creating boot files II.
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Figure 132: Vitis configuration for creating boot files III.
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Figure 133: Vitis configuration for creating boot files IV.
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Figure 134: Vitis configuration for creating boot files V.

2. After clicking OK, a file called BOOT.ini has been created. Copy that file into
the microSD card and install it into SmartRCP system connector. As soon as
SmartRCP is reset or powered, the system will be automatically programmed with

that file.

If using PSCoscilloscope, it is required to include an extra configuration file into microSD,

this file will be in charge to perform NET configuration. This file has the content shown
in the figure 133:

<3PSCopem=y

PSC_ETH_MAC="8x89, @x0a, Bx35, 0x00, 0x00, Bx0l%—— 1
PSC_ETH_AUTO_con="¥"+ vy 2
PSCope_IP="192.168.1.78"

PSCope_DEFAULT_IP MASK="255.255.255.0" - 3
PSCope DEFAULT GW_ADDRESS="192.168.1.1"
PSCope_cliente_status="N" +—Hi 4
PSCope_client_IP="7192.168.1.227, 5

Figure 135: RCP_conf.txt file content.
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1. Device MAC: this parameter is important if several oscilloscope boards are con-
nected to the same router as it may cause problems in IP address assignhment.

2. PSC_ETH_AUTO_con parameter: allows you to choose the option to set an IP
address "N" or let the router assign it automatically "Y".

3. IP address of the device: If the address is assigned manually, these parameters are
used to set the necessary variables.

4. PSC_client_status parameter: if "N" is selected the oscilloscope will communicate
with the first client that makes a data request, if "Y" is selected the oscilloscope will
only send data to the client with the duration set below.

5. PSC_client_IP parameter: If "Y" was selected in the PSC_client_status parameter,
this will be the IP address to which the oscilloscope sends the data.

8.2.5 Using the graphical interface

Graphical interface developed for this demo and all its field, and functions can be seen
in figure below (134):

2. PSC Oscilloscope software direct access
B

1. Available serial ports » coma1 — |8 osciLoscope]

p SC ‘ Synchronous Buck Converter Demonstrator
f |

VAL (V.
(V)Vin . V) Vout
3. Converter parameter 5 ™ iLsense '
update button uck Converter Control Menu 1 = e VY.
— =
4.Selectoropenloop
control mode | H{crEN LooP] —

— LA - < 'Vsense
swrmaiHa= [ 100 SV T DRIVER 33} S 2
- “s b
5. Configurable parametersin 1~ 4.70, )
Duty Cycle [%)] = 30 - 10. Indicator of currently
open loop
active mode

6. Selector output

r
| » |
[cLose Loor] 1
voltage control fcost oA I |
mode v 100 : !
— ' OPEN LOOP |
7. Configurable parameters in : PWM GENERATOR |
voltage control mode ”C’S_ 1 :
! .
0.0001 ' Carrier Board |
szes| | 0 TTTTTTTTTTTTmTSmssomssssmmsmomms
8. Measured voltage and current AVB(Y &) v
values (after moving average ) (A) =
filter)
L 7/

Figure 136: RCPBuckBoard graphical user interface.

* Converter parameter update button. This button must be pressed to update all
changes.

* Selector open loop control mode allows to change from open loop to closed loop.

* Confgurable parameters in voltage control mode. The next figure provides a view
of the parameters and their nature:
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proportianal[k] = A, - errar]k|
* integral|k| = A, - error(k] + integraljk - 1]

AB = Kp;
Al = Kp/(Ti*Fsamp_comp);
A2 = Ep*Td*Fsamp_comp;

derivative[k] = Az - errow|k| - A; - error{k - 1)
¥lk] = proportiomnal|k] + (mtegrallk] « derivative|k

Figure 137: Compensator parameters.

How to use:

1. Before powering SmartRCP, make sure that the microSD card (formatted in FAT32)
contains RCP_conf.txt and BOOT.bin files.

2. Indicate the COM port assigned to SmartRCP by the computer. The user can
check it by using the Windows Device Administrator tool.

3. Changes made to any of the parameters will be effective after clicking the UPDATE
button.
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9 Terms of Use, Limitations, and Warranty for SmartRCP

9.1 Scope of SmartRCP (use, applications, and regulations)

SmartRCP is not intended for general consumer use and is not considered a finished end
product. SmartRCP is intended solely for use by specialized technical personnel duly qual-
ified to safely handle electrical/mechanical components, systems and subsystems, and only
for R&D/prototyping tasks in appropriate laboratories/facilities (evaluation and testing pur-
poses for educational and industrial applications). SmartRCP is not intended to comply with
any normative or regulation regarding electrical safety, electromagnetic compatibility, re-
stricted substances (RoHS), recycling (WEEE), FCC, CE, UL, or any other standard, and
may not meet the technical requirements of these or other related directives.

The buyer agrees to purchase SmartRCP exclusively for the use described above, being
strictly prohibited any other use/application. The buyer is prohibited from reselling, redis-
tributing, reverse engineering and/or replicating SmartRCP, as well as using/incorporating
SmartRCP as a constituent part of its own products for distribution or sale to other entities
or end consumers. The buyer shall assume full liability for the final use or application of
SmartRCP in accordance with the mentioned restrictions, ensuring that SmartRCP will
be operated in an appropriate manner that complies with applicable safety requirements,
standards and regulations. Power Smart Control S.L. shall not be liable for any damage/loss
(of any nature, without limitation) arising from improper use of SmartRCP (including, but
not limited to, unauthorized use, modifications, or carelessness).

Power Smart Control S.L. makes no representation or warranty with respect to the ad-
equacy or accuracy of SmartRCP and any related documentation. Power Smart Control
S.L. disclaims all representations and warranties, express or implied, as to SmartRCP and
documentation, including, without limitation, any warranty of merchantability, accuracy,
completeness, fitness for any particular purpose, non-infringement, or likelihood of success.
In no event will Power Smart Control S.L. or its direct or indirect suppliers be liable for any
damages whatsoever including, but not limited to, direct, indirect, incidental, consequential
or special damages/losses (of any nature, without limitation), loss of business profits, data,
business information, or any other commercial damages or losses. In no event shall Power
Smart Control S.L. aggregate cumulative liability for any claims arising out of or related to
SmartRCP exceed the list price paid for SmartRCP. In addition, the following aspects shall

apply:

* Changes and updates: Power Smart Control S.L. is committed to continuous im-
provement, and, therefore, reserves the right to modify both SmartRCP and soft-
ware components/functionalities without prior notification.

* Accuracy of information: Power Smart Control S.L. does not guarantee the ac-
curacy or completeness of the information regarding SmartRCP. The buyer shall
assume full liability for Verifying any critical information regarding SmartRCP.
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9.2 Acceptance of goods (by the buyer)

The buyer must inspect shipments within ten (10) days of receipt and report any defects,
shortages, or damages in writing. Failure to report issues within this period constitutes
acceptance of SmartRCP “as-is”.

* If no claims are raised within ten (10) days of receipt, the shipment will be deemed
accepted by the buyer (acceptance of SmartRCP “as-is”).

* If the buyer identifies any damage or defects within ten (10) days of receipt, the
buyer shall inform Power Smart Control S.L. in writing within ten (10) days of re-
ceipt, providing details (including, but not limited to, photographs and appropriate
reports) and requesting Power Smart Control S.L.’s acknowledgement and valida-
tion in advance. Unless otherwise specified, the buyer shall bear the risk and cost of
returning SmartRCP accordingly (please, contact Power Smart Control S.L. and
your local distributor).

By using the product, the user agrees to the terms and conditions outlined in this clause
of disclaimer and limitation of liability and acknowledges having read and understood the
contents of this document.

9.3 Limited warranty for SmartRCP

SmartRCP is provided “as-is”, with a limited warranty period of one (1) year. The war-
ranty period starts at the delivery date.

All deficiencies which cannot be proved to be attributable to defective original mate-
rial or workmanship are explicitly excluded from the warranty. Any costs related to the
demonstration of defects or faults shall be fully borne by the buyer.

If the buyer provides (in advance) a written notification and details (including, but not
limited to, photographs and appropriate reports) of a defect, Power Smart Control S.L., at
its sole discretion and only providing that SmartRCP was proven in advance to be defec-
tive during the warranty period and that the defect is attributable to original material or
workmanship, will:

a) Repair the defective product or replace defective components, or
b) Provide a replacement unit if repair is not feasible, or

c) Advise the customer on alternative solutions to achieve the intended functionality,
or

d) Issue a refund of the purchase price or a portion of it due to depreciation.

For any warranty claim, the buyer shall bear all return shipping costs for Power Smart
Control S.L. inspection and validation. SmartRCP shall be shipped to POWER SMART
CONTROL S.L. | AVDA. GREGORIO PECES BARBA, N° 1, LEGANES (MADRID,
SPAIN), in a package equal to or in the original packaging. SmartRCP will be returned
freight prepaid and repaired or replaced only if Power Smart Control S.L. determines that
the defects can be attributable to defective materials or workmanship. Otherwise, the cor-
responding fees and extra costs will be charged to the buyer. Any alterations made to the
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product, tampering with warranty seals, improper use, or suspicion of product modification
by the buyer will result in an immediate nullification of the warranty, immediately exempt-
ing Power Smart Control S.L. from any liability related to SmartRCP. The warranty will
be void specifically under, but not limited to, the scenarios where SmartRCP is:

* Operated exceeding the nominal operating conditions and specifications.
* Exposed to dust, moisture, corrosive substances, or excessive vibration.
* Stored, handled, transported, or installed improperly.

* Modified, repaired, or altered without explicit authorization of Power Smart Con-
trol S.L.

* Used with broken, tampered, or missing warranty seals.
* Overstressed for any reason (electrical, thermal, mechanical, etc...).
* Overheated due to inadequate ventilation or cooling.

* Damaged by external factors (short-circuits, electromagnetic interferences (EMI),
electrostatic discharges (ESD), carelessness, etc...).

* Excessive wear and tear or improper/abusive use.

9.4 Third parties

KRIA K26, Vivado, Vitis and Vitis HLS are products developed and under the ownership
of external third parties (not linked in any manner to Power Smart Control S.L.)

The information contained in this document relating to these products (KRIA K26,
Vivado, Vitis and Vitis HLS) is non-official, non-binding, and only for information purposes
for the user, based on the best possible understanding, knowledge, and good faith of Power
Smart Control S.L.
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10 Contact and Support

Power Smart Control S.L. is dedicated to assisting and supporting users in both hardware
(HW) and software (SW) matters. For inquiries or assistance, please reach out to Power
Smart Control S.L. via email at:

sales@powersmartcontrol.com
support@powersmartcontrol.com
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11 Annex A SensingBoard design

This section provides several guidelines and base circuitry that can be used as a template
when designing a custom SensingBoard.

SensingBoard may have the number of channels required by the user and can be con-
nected to any number of channels among the 24 possible CarrierBoard analog input chan-
nels available.

CarrierBoard provides 24 channels, the connector is a 4-wire connector which includes
2 pins for a differential signal and also 2 pins for an analog 5V power and its ground refer-
ence. Users can use this power but care must be taken with the consumption.

Maximum current consumption (counting everything connected to CarrierBoard ana-

log input channels) must be below 0.1A.

The maximum output analog spam of any SensingBoard must be between 0 and 5V.
Negative or higher voltages may result in a CarrierBoard HW damage.

Four basic examples are given in this document. They are intended as a starting point
and PSC has no liability in the use of those designs; they are presented as-is and without
any warranty or responsibility by PSC side:

1. Designing a DC isolated voltage sensor analog chain
2. Designing an AC isolated voltage sensor analog chain
3. Designing an isolated current sensor analog chain

4. Designing a temperature sensor analog chain

Designing a temperature sensor analog chain

NTC temperature sensors are quite useful and can be found in a high variety of for-
mats including ones which a screwable metallic termination (lug) that is electrically isolated.
However, their response is non-linear and it is usually advisable to linearize it before taking
the measurement.

The next figure presents a simplified schematic of an NTC sensor, linearized and with
the total gain controlled by an Operational Amplifier (OpAmp):
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Figure 138: NTC temperature sensing analog chain

The NTC reference shall be selected from a catalog to fit the measuring range required.
Rlineal is used to ensure the relationship between temperature and voltage drop in the NTC
is linear. It should be selected so that its value equals the NTC value in the middle of the
desired temperature range.

R1 is selected to modify the voltage range generated by the NTC-Rlineal system and
increase it as much as possible to fill the OpAmp input spam (typically 0-5V).

Ra and Rb shall be selected to adapt the output value of the chain to the input spam
of CarrierBoard analog input channel (0-5V). OpAmp shall be selected to be rail-to-rail,
with enough slew-rate to fulfill the application and with single-supply voltage for easiness.
Measuring temperature does not usually require a high-quality OpAmp.

An output TVS can be included to protect the next stage, which will be the Carrier-
Board analog input. It should be selected to clamp at a voltage higher than the span and
lower than the maximum rating of the next stage, a value of approximately 6V is suggested.

A common mode choke L1 can be included in case additional filtering is needed, since
it will create a more EMI-resistant connection. It is usually recommended in case of long
sensor wiring.

Application example:
* NTC model: NTCALUG01A103]A
* TVS model: SMAJ6.0A

* Operational amplifier model: OPA192

Choke model (L1): Wurth Elektronik 744235801
¢ Connector model: Molex 53375-0410

Rlineal=9100hm as R(NTC) at 90°C = 9100hm

R1 = 10kOhm
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Ra=5kOhm, Rb=55kOhm

Vout (0°C) = 4.92V

Vout (50°C) = 4.08V

Vout (100°C) = 2.28V

Ro =100R
* Power is generated by additional power supply, 5V_ana is left unconnected.
* Maximum output analog spam must be between 0V and 5V

Figure 137 provides a complete schematic for this sensor.
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Figure 139: NTC temperature sensing schematic.

Here it has been considered the use of NTCs but there are lots of different available sen-
sors, another highly relevant power electronic suitable sensor is the thermocouple which
can be adapted to suit by making slight modifications in the presented analog chain.

In case the user needs support, they can contact PSC for consultancy services.

Designing an isolated current sensor analog chain

To measure currents there are lots of possibilities: Shunt resistors, hall sensors, LEM
sensors, etc. Here it has been selected a LEM sensor to measure both AC and DC currents.

Figure 138 provides the simplified scheme for a LEM current sensing stage:
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Figure 140: LEM current sensing analog chain

Rload and Rin tend to be defined in value and tolerance by the LEM sensor provider,
C1 is set for removing extra unneeded bandwidth and avoiding external noise to be fed.

Ra and Rb shall be selected to adapt the output value of the chain to the input spam of
CarrierBoard analog input channel (0-5V). OpAmp shall be selected to be rail-to-rail, with
enough slew-rate to fulfill the application and with single-supply voltage for easiness.

An output TVS can be included to protect the next stage, which will be the Carrier-
Board analog input. It should be selected to clamp at a voltage higher than the span and
lower than the maximum rating of the next stage, a value of approximately 6V is suggested.

A common mode choke L1 can be included in case additional filtering is needed, since
it will create a more EMI-resistant connection. It is usually recommended in case of long
sensor Wiring.

Application example:

LEM model: Tamura L31s

TVS model: SMAJ6.0A

Operational amplifier model: OPA192
Choke model (L1): Wurth Elektronik 744235801
Connector model: Molex 53375-0410
Rload=10kOhm

Rin=22R

C1=10nF

Ra=10kOhm / Rb=30kOhm / Voffset=2.5V
Vout (-200Amp) = 0V

Vout (0Amp) = 2.5V
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Vout (200Amp) =

Ro = 1000hm
* Power is generated by additional power supply, 5V_analog is left unconnected.
* Maximum output analog spam must be between 0V and 5V

Figure 139 provides a detailed view of the schematic of a NTC sensor:
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Figure 141: LEM current sensing schematic.

Designing a DC isolated voltage sensor analog chain

Typically, in power electronics applications all voltage measurements (being of a DC or
AC nature) will be mandatory to be isolated from each other so no undesired ground/earth/neutral-
point currents flow through the measurement stages.

To do so, an isolated voltage sensor is selected, typically a resistor with a differential
isolated OpAmp, this is the case covered here. The next figure shows a simplified view of
the analog chain.
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Figure 142: DC voltage sensing analog chain

R1 and Rload shall be selected to drain the smallest amount of current (power) from the
converter while ensuring the voltage drop on Rload is admissible by the isolated OpAmp
input Spam. Due to dissipation or electrical security, R1 resistors may be more than one
single resistor and may need to be higher SMD packages and support higher voltage ratings
than usual.
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Isolated OpAmp has to be able to provide the required electrical isolation between Rload
voltage and the other power supplies connected to it. It will require as well its primary side
to be fed by an isolated power supply. R2 and C1 are selected to filter the output of the
isolated OpAmp and to remove any possible noise.

OpAmp is required to have a differential input and its output range will be selected by
setting the value of Rgain and Vref. Those values shall be selected to adapt the output value of
the chain to the input spam of CarrierBoard analog input channel (0-5V). Instrumentation
OpAmp shall be selected to be rail-to-rail, with enough slew-rate to fulfill the application
and with single-supply voltage for easiness.

An output TVS can be included to protect the next stage, which will be the Carrier-
Board analog input. It should be selected to clamp at a voltage higher than the span and
lower than the maximum rating of the next stage, a value of approximately 6V is suggested.

A common mode choke L1 can be included in case additional filtering is needed, since
it will create a more EMI-resistant connection. It is usually recommended in case of long
sensor Wiring.

Application example:
* Optically isolated amplifier model: ACPL-C87A

* Input side of optically isolated amplifier is powered with an isolated PCB power
supply like TBA_1-2421E

* TVS model: SMAJ6.0A

* Operational amplifier model: INA826

* Choke model (L1): Wurth Elektronik 744235801
* Connector model: Molex 53375-0410

* Measuring input range: 0-1300V

* R1=3.28MOhm (four 820KOhm resistor in serie)
* Rload=10kOhm

* R2=4.7kOhm

* C1=10nF

* Rgain=33kOhm

* Vref= 0V (ground connection)

* Ro=1000hm

* Instrumentation OpAmp: INA826

* Vo (Vin=0V) = 0V
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* Vo (Vin=800V) = 3.02V

« Vo (Vin=1314V) = 5V

* Power is generated by additional power supply, 5V_analog is left unconnected.
* Maximum output analog spam must be between 0V and 5V

Figure 141 provides a detailed view of the schematic for a DC isolated voltage sensor analog
chain.

Figure 143: DC voltage sensing schematic.

Designing an AC isolated voltage sensor analog chain

Same precautions as in DC voltage sensing case shall be followed. Next figure provides
a simplified schematic.
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Figure 144: AC voltage sensing analog chain

R1 and Rload shall be selected to draw the smallest amount of current (power) from the
converter while ensuring the voltage drop on Rload is admissible by the isolated OpAmp
input Spam. Due to dissipation or electrical security, R1 resistors may be more than one
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single resistor and may need to be higher SMD packages and supports higher voltage rat-
ings than usual.

Isolated OpAmp has to be able to provide the required electrical isolation between Rload
voltage and the other power supplies connected to it. It will require as well its primary side
to be feeded by an isolated power supply. R2 and C1 are selected to filter the output of the
isolated OpAmp and to remove any possible noise.

Instrumentation OpAmp is required to have a differential input and its output range will
be selected by setting the value of Rgain and Vref. Those values shall be selected to adapt the
output value of the chain to the input spam of CarrierBoard analog input channel (0-5V).
Instrumentation OpAmp shall be selected to be rail-to-rail, with enough slew-rate to fulfil
the application and with single-supply voltage for easiness.

An output TVS can be included to protect next stage, which will be the CarrierBoard
analog input. It should be selected to clamp at a voltage higher than the span and lower than
the maximum rating of the next stage, a value of approximately 6V is suggested.

A common mode choke L1 can be included in case additional filtering is needed, since
it will create a more EMI resistant connection. It is usually recommended in case of long
sensor wiring.

Application example:
* Optically isolated amplifier model: ACPL-C79A

* Input side of optically isolated amplifier is powered with an isolated PCB power
supply like TBA_1-2421E

* TVS model: SMAJ6.0A

* Operational amplifier model: INA826

* Choke model (L1): Wurth Elektronik 744235801
* Connector model: Molex 53375-0410

* Measuring input range: -400Vrms to 400Vrms
+ R1=224kOhm (four 56KOhm resistor in serie)
* Rload=2700hm

* R2=4.7kOhm

¢ C1=10nF

* Rgain=Not Mounted

* Vref= 2.5V (generated with LM4040)

* Ro=1000hm
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* Instrumentation OpAmp: INA826

* Vo (Vin=-498V) = 0V
* Vo (Vin=0V) = 2.52V

Vo (Vin=498V) = 5V
* Power is generated by additional power supply, 5V_analog is left unconnected.
* Maximum output analog spam must be between 0V and 5V

Figure 143 provides a detailed schematic of an AC isolated voltage sensor analog chain.
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Figure 145: AC voltage sensing schematic.
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