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Some Calculations

S
o A Processor with one million switching devices

o Use Vacuum tubes (Triodes) ,not MOS Transistors
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Technical issues
Area

Assume the triode occupies an area of 5cm X 5cm
including some space between adjacent tubes

0 Total area of 50 X 50 =2500 m?

0 With multilayer area = 22m X 22 m
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Technical issues
Power consumption

Assume

QTaking SW per triode

QHalf of the triodes are conducting at any time

QThe total power consumed = 0.5 X 10 X 5
= 2.5 MW
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Technical issues
Heat dissipation

The electric Power

consumed
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Technical issues
Heat dissipation
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Technical issues
Reliability

Let ‘T’ — Life of a transistor in hours

> Replace

on an average one triode every T/10°¢ hr

Grant T = 10°
Then we need to replace a triode every
“one hour”

24 X7 maintenance
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Power electronic®

Below 1 MHz due to parasitic wiring capacitance
and Inductance

Longer development time
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Summary

Area/Size

Power Consumption
Reliability

Speed

Time to market
Cost
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FPGAs

1980s

1/

\g The Gap _-

5%

»configurable support large or complex

»Fast design and modification time functions

»Could not support large or complex Expensive and Time consuming
functions »Frozen in Silicon
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FPGAs

1984s

»Highly configurable »support large or complex

»Fast design and modification time functions

»Could not support large or complex »Expensive and Time consuming
functions »Frozen in Silicon

Xilinx Introduced FPGAS in Market
CMOS - SRAM Based
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FPGAs

Programmable logic Blocks

» A 3 input Lookup table (LUT)
» Flip-Flop or Latch

> A Multiplexer

Modern FPGAs Contains complex versions of
“Programmable logic Blocks”

Using SRAM every logic block in the device can
be programmed



PLB

Flip-Flop

clk
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Configuring LUT
=

Required Function

a Programmed LUT
y=(@ANDDb)ORIC

b SRAM CELLS

C

=

Truth Table
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o
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—_—

C-DAC ©AIl Rights Reserved



SISED

GCOMNC

FPGA Structure

Programmable
Interconnect

- 10 Block

Complex architecture today
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FPGA Design Flow

Functional Spec:

VHDL,Verilog,Bluespec

Synthesis

Place and Route Timing

Download and verify ckt
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PE Control System Design

a0 Analog — Using OP-AMPS, Resistors, Capacitors etc.

dDigital — Using Processors and software programming

Logics and numerical methods — DSPs
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“What if have a Processor so that user
defines Instructions, Internal Modules,
Speed, Memory, pins etc. 2?2?2”
Obsolescence free design!!!



SOPC

o “Building embedded system into a single
programmable integrated circuit like FPGASs”

a Generally involves utilization of a large FPGA

» Processor cores (Soft / Hard)
» Memory(RAM and ROM)
» Intellectual property (IP) ,Custom hardware blocks/IPs

“have all (or majority) of the components on a
single programmable chip”



waMPE,

\

Need for Development

- SOPC PE Controller

Long term support for Hardware and software

Industrial PE systems, Power system controls etc. (5 -10Y)
Railways, Defense Application (10-30Y)

» Processor Obsolescence in 4 - 6 years

= Next generation Processor : Software porting overhead according to Processor
Hardware changes

soft processor IP core in general purpose FPGA

Single chip Solution:

Difficult to find a processor with all interfaces/reconfigurable for the application
Custom made IPs with the CPU core
Single core to multi core : with increased cost, may require hardware redesign

same FPGA Hardware for single to multi core application
27



Need for Development B

DSP Revenue

Computer
9.2%

Consumer
1.3%

Wireline
6.9%

Wireless
62.4%

Automotive
3.1%

Other
11.1%

Nobody is going to use a mobile more than 20 Years
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Need for Development

Faster Controller : Sampling of 5-10 microsec or less

Use Parallel processing — multi-core processor integration

Use Hardware accelerators - Control blocks in dedicated hardware to perform
functions faster than a CPU (PI, Filters, PLL, PWM)

C2H Compilers: Inspect the application ‘C’ code and try to convert time
consuming software algorithms into equivalent hardware implementation

Hardware performs faster than software

Hardware Parallel Processing than Software pipelining

8201 NIOS Il cycles equivalent to 24603 TigerSHARC cycles
(200 MHz vs 600 MHz)

Better Time to Market criteria

Same FPGA Board

Proven CPU and IP core Set

handles a wide range of applications
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Need for Development

Higher reliability

Higher level of integration and resources utilization of a single FPGA

Board Design

On chip interconnections : Industry standard (AVALON, AMBA AXI)
Internal PLLs : Remove the need to distribute high speed clocks round a PCB
Reduced EMI
“PCB can be smaller, consume less power, be easier to get through EMC tests”

Board Testing

“Dedicated test designs can be loaded into the FPGA to automate Board testing”
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AC Drive Control Board

Off-chip
Interconnection
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- Conventional Controller Design

AC Drive Control Board

Off-chip
Interconnection

Off-board
Interconnectlon

Communication Board

Industrial

Ethernet
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AC Drive Control Board

Off-chip

Interconnection

W Sh

Off-board
Interconnection

Communication Board

oge o COMC
Resource Utilization
> Power
Industrial
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SOPC PE Controller

AC Drive Control Board

PWM
Generator
ADC
Interface
CPU Digital
Encoder

HDL
Motor
Control
Logic,
Space
Vector
Mod,
IGBT
Control
etc.

(soft/Hard)

Industrial

Ethernet
PHY

FPGA as a Drive Controller Chip



W Sh
COAC

SOPC PE Controller Board V_1.1

Specifications
UFPGA : Cyclone Il EP3C25E144C8N
(24,624 LESs)
UOn chip Memory  : 64 kBytes (Inside FPGA)

SOPC CONTROLLER CARD

UFlash memory .2 MB

UDigital 1/0s : 56 No.s 3.3-V LVTTL - configurable
for ADC/DAC, PWM ,I12C interfaces

UHost interface - JTAG

USupply VOIt[ SOPCPE CONTROLLER VLT |

-~ Ipo
10MHz 33to —
Crystal . 33V

: |

A O > -0

CYCLONEIII
EP3C25144C8N Digital /O

STEOT
Digital I/O EPGA

Scm

.
SST 39VF800A " EPCS16
Flash Serial Flash

JTAG
Connector

(&
(0]
N
N
=
C
T
(0]
R

04 0mMmZ2Z00

o 5cm ‘

O This Generic Board can handle Most of the PE applications
0 The Hardware inside the FPGA is Configurable depending on PE Application
0 The I/Os are Configurable



Targeted Application

* DC-DC converter control
*AC drive applications
*Front end converter etc.

USpecifications

»Analog Input : +10V (ADC 13 bit 8 Channel, SPI interface)
»Analog Output : +3.3V (DAC 12 bit 8 Channel, SPI interface)
»Digital input : +5V
» Digital Output . +5V

»Supply voltage : 24V
» Stack Connector for SOPC_CONTROLLER Card
“CUSTOM DESIGN FOR SPECIFIC APPLICATION IS POSSIBLE”
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SOPC Configuration

High Performance Drive

El E
cE

Controller
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Inverter Contirol

PARMETER
ESITMATION

VOLTAGE +
—>
—>
—>
MOTOR INVERTER  |—> DRIVE

DYNAMIC MODEL CONTROLLER [—>  s|GNALS
—>
—>
CURRENT ’?
W
SPEED SPEED
ESTIMATION CONTROLLER

)

SET SPEED

U0 Motor Model Estimates The speed from Voltage and currents

U DSP/Micro controller implementation, the motor model and other control blocks will
be implemented as a software program.

O In SOPC architecture, control blocks are realized in Hardware using HDL called IPs
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SOPC Configuration For Inverter Control

U Control blocks now part of the CPU — Hardware Modules
L Other similar PE applications with out redesign -“Reuse”
UCan be accessed Using Custom Instructions/Functions



IPs Required for The application

SOPC Configuration for DC-DC | SOPC Configuration for

Control

Inverter Control

IP cores for Basic control

Soft Processor core

Soft Processor core

Pl Controller

Pl Controller

PWM(2 Channel)

Motor Dynamic Model

Subtraction

PWM(6 Channel)

Limiter

Phase Transformers

DC-DC Inverter

Control Control

Multi processor core Implementation in one
FPGA Possible



. CDAC
Processors in FPGAs

Soft or Hard CPU cores

Soft Processor

Processor implemented in VHDL, Verilog, etc., and
downloaded onto FPGA hardware
Example: NIOS II, MicroBlaze, ARM Cortex-M1 etc
Highly Reconfigurable ,a schematic (or code like software).

“More than 20 soft core processors are available”
LEON 3, S1 core (64 Bit), ARM Cortex —-M1,DSPUVA-16 etc
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Hard processors on FPGA

Single- or Dual-Core Processor

HPSIO
Hard Processor System (HPS)
ARM Cortex-A%9
FPGA NEOM/FPU US{E:{;TG Et?:;;‘“
L1 Cache
P, I2C
JTAG B4-KB Timears SPI CAN
DebugTraca RAM {x11) (x2) (x2)
MAND QsPI SEvsDICy OMA UART
Hard Memory Flash rfhz) Flash Ctd MMC (%2}
Controller*

Shared Multiport DDR HPS o FPGA 1o FPGA
3.125-Gbps and 5-Gbps SORAM Controlleriz: FRGA HPS Configuration
Transcaivers® T T T T l .T l
Hard PCle”

*Optional Configuration

QSoC FPGA

UFPGA + Hard Processor System (HPS)

LCan’t alter Placement , Routing, and Area
UCyclone V SoC from Altera

L Optimized for Higher speed of operation 925 MHz
UCostly



ALTERA NIOS Il CPU CDAC

Full 32-bit instruction set, data path, and
address space

32 external interrupt sources

Single-instruction 32 x32 multiply and divide
producing a 32-bit result.

Access to a variety of on-chip peripherals, and
Interfaces to off-chip memories and
peripherals

Speed : 20 MHz to 430 MHz
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Power Electronics Processor system

= JTAG
UART
< Processor Bus Interconnect
ADC/DAC
PWM Pl TIMER Controller

‘_.‘_I

UThe top level entity of the IPs should meet AVALON Specification for NIOS
UFor ARM, AMBA Bus specification
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Development Of IPs- SOPC IP Developer

The Control blocks should be designed in HDL

Functionality and timing are properly monitored using
test bench or IP Verification methods.

Time consuming process but one time process
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Technology Developed

PE IP Library
»PE Specific IPs

Design procedure for the IP Developer
Drivers for PE IP library

Design procedure for SOPC user
SOPC Controller Card

SOPC Interface Card

PE Application Evaluation Report



Application Development in ALTERA FPGAs
“Faster Concept to System’’

Tools

Altera QUARTUS Il V9.1 or higher with SOPC
Builder/Qsys

NIOS Il Eclipse IDE for software development
Model sim for Simulation

Hardware

SOPC_PE CONTROLLER_V1 card
SOPC Peripheral Board
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PE system design using Camc

PESystem

SO P C D ES I G N F L OW Control algorithm | < Real time/ off-line simulation
requirements

QUARTUS II

__ Hardware Project

SOPC Builder

Off-the-shelf
IP Cores

POWER ELECTRONICS
LIBRARY
(PE Specific IPs)

| | | | | | | |
| | | | | | | | | |
Hardware information file

Eclipse IDE (.sopcinfo)
_— HAL i
Application Software PijeCt
~__software |

A

BSP Project

!
/|
___JI_____

FPGA config File

‘ Download to target \
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OWer electronic®

U Drag and drop approach

" Altera SOPC Builder - chip_boost.sopc™ (E:\SOPC_APPADC_DC_TIMER\chip,_boost.sopc)
File Edt Module System View Tools Niosll Help

SOPC Hardware Project

System Cotents | System Generston

Component Library Target S
[Project Al | Device Fami}y:g(:yclone [ v | Name Source iz [:
1 New comparent.. clk 0 External 100
\Library PLL_100M pll0.c0 1000 4
| - Avalon Verification Suite PLCLK pl_0.c1 800
i [+ Bridges and Adapters
| ) Iterfece Protocols
| i Legacy Companents Use  Connections Module Name: Description Clock Base f
i [+-Memories and Memory Contro B cpu_d Nios Il Processor
| & Peripherals ——  instruction_master \Avalon Memory Mapped Master PLL_100M
| @R ——|  data_master \Avalon Memory Mapped Master R0 0
i POWER ELECTRONCS o _tebug_module \valon Memary Mapped Slave 0x00221000 |0:
@ dhe_dg_PEG_V1 B onchip_memory2_0 (On-Chip Memary (REM or ROM)
@ ADC_PEG_V1 Rl Ayalon Memory Mapped Slave PLL_100M 000210000 [0:
@ courter PEG_V1 [ jtag_uart 0 UTAG UART
@ DAC_PEG_V1 ——  avalon_ftag_shve \valon Memary Mapped Slave PLLAOOM |- 0x002220a0 [0:
@ d_she_PEG_V1 B sysid System D Peripheral
@ PIPEG_V! control_slave Ayalon Memary Mapped Slave PLL_100M 0x002220a8 |0:
o PAM_PEG_V1 g plo PLL
- @ SPIPEG V! P — sl \walon Memory Mapped Slave k0 000222000 |0:
o Stream_deta_PEG_V" B epes_flash_controller_0 EPCS Serial Flash Cortroler
@ Teminator src_PEG_ epes_control_port \valon Memory Mapped Slave PLL_100M 0x00221800 |0:
-0 TMER_PEG_V1 | B pio 0 PIO (Parallel10)
o UARTPEG VI V| — sl \walon Memory Mapped Slave PLL_100M 0200222060 |0:
2 B Terminator_src_PEG_Y1_0 Terminator_src_PEG_V1
¢

ALTERA SOPC Builder /Qsys

ﬁ boost.bdf

(@)
J= I

N g

GCOMNC

O T 1O O > =] &l

PCLK
PLL_100M

adc_out fo_the_ADC_PEG V1 0

aidc_in_from the_ADC_PEG V1 0
cs_adc_from_the_ADC_PEG V1 0
sck_from_the_ADC_PEG 1 0

| OTHIT ™ —"3den_fom the_ A PEG,
| BRI ——"0s ado_fm the A0C PEG
QBT —"sek from she_ADC,

dac_n_from_the_DAC_PEG_V1_0
fs_dac_from_the_DAC_PEG V1 0
sck_from_the_DAC_PEG V1 0

R s
| QTR "5 dao_from the_DAC

PAM _Inv_Out_from_the_PYiM_PEG V1 0
FIAM _Out _from_the_PYM_PEG_\1_0

tatal_fo_the_epcs_flash_contraller 0

dek_from_the_epcs:_flash_controler 0
sce_from_the_epcs_flash_controllr 0
stlo_from_the_epcs_flash_contraller 0

delk_from_the_epest flash,_controller,
i sce_fom the_epos fach,contlr_

ado_from the_epes:

in_port_to_the _pio_0

out_port_from the_pio_1[1.0]

address fo_the_cf_flash_0[18..0)
dlata_to_and_from _the_cfi_flash_0[15.0)
read_n_to_the_cfi_flash_0

select_n_to_the_cfi_flash_0
write_n_{o_the_cfi_flash 0

data to_and_from
I read |

Processor (Block view)

For Xilinx - Vivado



Application Software Design

NIOS Il Eclipse IDE — NIOS Il EDS
Supports Assembly, C/C++

HAL/MicroC/OS I
HAL

Confirming POSIX Standards

Vendor - Altera

BSP is generated from “.sopcinfo’ file and loads
the required drivers from library
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Custom instructions/Custom functions

Control blocks are accessed through custom
instructions /custom functions
Fixed Instruction

Simple and easily understandable by the user

For the Pl Controller
initialize PI module with Kp and Ki Registers
hw init pi(PI_PEG V1 0 BASE, Kp val ,Ki val);
enable/disable PI Module
hw_enable pi(PI_PEG V1 0 BASE,PI Cntrl Req);
input to the PI module
hw pi in(PI_PEG V1 0 BASE,error);
out from the PI module
pwm_input= hw pi read output(PI_PEG V1 0 BASE) ;



Custom instructions/Custom functions

Good Readability
Number of lines are less

Faster execution



SOPC Simulation

Using ModelSim

Can verify SOPC Hardware and application software
together - Hardware Software — Co verification

& Transcript B

Fle Edt View Window

/pechipvl.ptf A
/pechipvl_generation_script

is the First Version of POWER ELECTRONICS PROCESSCR (FEP)
is the First Version of POWER ELECTRONICS PROCESSCR (PEP)
is the First Version of POWER ELECTRONICS PROCESSCR (PEP)
is i of POWER ELECTRCNICS PROCESSOR (EEF)
is POWER ELECTRONICS PROCESSCR (EEF)

POWFR FTECTRONTCS PROCESSOR (PEPY

0 av readdata
7 av_waitrequest
v wite n

av_yritedats
?  dataavaiabie
? readyfordata

TR T LT

(I .. ] .
B i 7z

(1) Cursor 1 wors >[ee [ma [Hu @2 [Ge [Ex [wr [Fn &5 [Mw (&8s

Hardware Signal Flow JTAG terminal



Technology Deliverables

SOPC PE Controller

= Soft processor Integrated controller design procedure and user
manual

= HDL control library elements for hardware accelerators - (PI
controller, Filters, PLL,PWM, Phase Transformations etc)

> 19 PE Specific IPs

= Application evaluation report using SOPC standard (v1.0)
controller

= Voltage Mode control of DC-DC Boost converter

= AC drive —=VVVF AC Induction Motor — Single core and Multi
core

= FOC of Induction Motor (As HiL in FSS miniature)

www.nampet.in 54
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>

int main()

Mo compoles 50 Sepiay At S S

peaoad
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Flash Controller

Processor

I ADC-DAC Controller I

SOPC_conV1.0

56

Interface board

Flash
memory

DC-DC

Converter

JTAG Debug
module

Boost
"l converter

> Output

P

4

relet clack
v

Referene
voltage

Nios Il
Processor core

i

D

System ID

Inst.

—

On-chip RAM —>

> Serial Flash Interface €=

FPGA

voltage

PWM

¢ 1

!

Serial ADC
Controller

E SCLK
CS
TXD

Avalon Interface

{

Serial DAC
Controller

RXD

E SCLK
CS

XD



)/ CaAC

OPC Configured for Dc-Dc Contro

s

P8 boost.bdf |

chip_boost

ck_0 PILCLK |—
reset_n PLL_100M | —

adc_out_to_the_ADC_PEG_V1_0 adc_in_from_the_aDC_PEG_V1_0 T adcin_from the_AfIC_PEG

¢s_ade_from_the_ADC_PEG_¥1_0 — GUTRUT " "05 ado_from _the Al

sclk_from_the_ADC_PEG_%¥1_0 — QU “sclk_from_the_ADC.F

dac_in_from_the_DAC_PEG_V1_0 — IR dac_in_from_the_D
fs_dac_from_the_DAC_PEG_¥1_0 —— QU [, fs_dao.from.the [}
sclk_from_the_DAC_PEG_¥1_0 TR, schc_from, the_DACLE

PAM_Iny_Out_from_the_PWM_PEG_V1_0
P _Out_from_the_PVim_PEG_v1_0

datal_to_the_epcs_flash_controller _0 dclk_from_the_epcs_flash_controller_0
sce_from_the_epcs_flash_controller_0 (—=U AT Wmm
sdo_from_the_epcs_flash_controller 0 |—RUIEUL__—— sdo_from_the_epes

in_port_to_the_pio_0

out_port_from_the_pio_1[1..0]

address_to_the_cfi_flash_0[15..0]
data_to_and_from_the_cfi_flash_0[15..0] 3
read_n_to_the_cfi_flash_0 |-—RUTEUIT_{—— read_n_to_the_cfi_fl £
select_n_to_the_cfi_flash_0 |—QUTPUT _— select_n_to_the cfi flash.0. . . . .
write_n_to_the_cfi_flash_0 —HUIEUT__— ‘write_n to _the_cfi_f'zs:h;_ﬂ e

data_to_and_from _tl

**PIl controller is a Hardware module to the CPU
ssAccessed by custom functions
eg:- pi_in(PI_PEG_V1 0 BASE,error);
pwm_input = pi_read_output(PI_PEG_V1 0 BASE);



Electronic Load

Boost Converter

Test setup of DC-DC Converter

Bench Marking

Tek .. L ] Stop;

CH3 0.0

Application [TMS320F2812 |SOPC
Boost 6 us(CPU clock- |800 ns(CPU
Converter 150 MHz) clock-100 MHz)

1 Pos: d0,00rms CH3

Enuping

B Lirnit
W 100kHz

Walts/Div

Probe
108
‘oltage

Inwert
0ff
td 250ms CH2 ™ 160

CHY 1004 30-3ep—14 16:42 =10Hz

Tek Sl @ Stop M Pas: 59.39ms
.‘.

AN

CH2 200y
CHA 5004

M 25008
30-3ep-14 16:43

W Sh
COAC

Output voltage(pink) and load current(green) during softstart

CH2
Coupling

B Lirnit
100r4Hz
Walts/Div

Probe
14
Vaoltage

Inwert

CH2 160
333732kHz

Inductor current (green) and PWM Pulse (blue) in steady state



Vbatt
i Dc-Dc

Boost

Wset

AC Drive control

Vdc
VSI
Va Vb Vc
o-B to abc
Vpha Vph B
9 Sine — Cos

Look up table
=

Vph

Vp
h
fr f

AC Drive assembled in CDAC

W Sh
COAC

pwms top switches of the 3phase inverter
Tek T i Stop M Pos: —19,00,us CH2
+

e
i
F

" ! Coupling
IRAEN] 5
1
I B Lirnit
e == s
200rHz
[l [Frii R, T
4+m1 Lt L' | L \~
00
= R R R 2y e =2 '|,|'|:||tage
Irevert
T

e =
Walts/Div
Coarse]
i bt s i
CH2 200 I S00,us

Probe
CH3 2,00 CHa 2,00 30-Jan-15 16:18

@ AC Drive
@ SOPC Card
® Induction Motor



AC Drive control

£0000
50000
NN\ /
30000 /A
20000 \
10000 \

I VAVAVA

—5eriesl

—Series?

Serigs3d

112
149
186
223
260
297
334
Ern
A08
445
482
519
556
593
530
1=
Fo4a
Fa1
Fi¥a
215
852
289
926
963
1000

Telk T @ Stop
Py i S P A Hk e Coupling

'
| B Lirnit

|
200kHz

M Pas: 13,00 us CH2
+*

T

, Wolts/Div
bR
Prabe

10
\foltage

rrrrrr

Inwert
Off
M 100,08
30-Jan-15 16:11

CH3 1.00%  CHA 1.00%

pwm showing dead time of 4us(‘a’ phase PWMs)

Plot of Va, Vb and Vc values from Niosl|

through alpha_beta abc IP
a- to abc, Integrator are in Hardware

The C code implementation of a-f to abc, took - 600ns
alpha_beta to_abc IP took only 300ns to perform the conversion

Main loop execution time = 2 us



| AC Drive application in Multi-core
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OnChip

«—>
Memory
PWM for Processor|
boost ‘
converter Boost <+—» Mutex w«—»
converter
control
D e «—>

sysid

JTAG_UART |

FPGA

Processor confiquration in
Tek T [ ] . M P

—>
Processor i

Inverter
control

JTAG_UART |

Multi core

Stop o5t —48.00.us CH2
Caupling
PWM for Boost
Converter from ., ... B Limit
Dff
Processor 1 S00KHz
- Wolts/Div
o o e Probe
10
gl el - o ‘oltage
PWM for Inverter from o
Processor 2 (a phase and b '”t
. 3
phase - Top switches) sy M 000
CH3 200¥  CHY 200  30-Jan—15 17:54

PWM
for
inverter

SOPC View in Multi core

Clock Settings

Target

Device Family:| Cyclone Il v Name
cik_0
PLL_100M
PI_CLK

Module Name

Connections

instruction_master
data_master
Jftag_debug_module

K

&

jtag_uart_0
sysid
pll_o
epcs_flash_controller_0
pio_0
Terminator_src_PEG_V1_0
Terminator_src_PEG_V1_1
pio_1

cfi_flash_0
tri_state_bridge_0
PI_PEG_V1_0
PWM_PEG_V1_0
DAC_PEG_V1_0
TIMER_PEG_V¥1_0
ADC_PEG_V1_0
PWM_3PH_PEG_V1_0
Terminator_src_PEG_V1_2
Terminator_src_PEG_V1_3
ALPHA_BETA_TO_ABC_PEG_¥1_0
mutex_0

jtag_uart_1

TIMER PEG V1 1

BEEE

B 8 9 KK 9 K K K K K K R K RS R K RS

N EEENEEREEREEREE

I

Source
External
|pl_o.co
lpl_0.c1

Boost Converter Procesor

Description
Nios Il Processor
Avalon Memory Mapped Master
‘Avalon Memory Mapped Master
Avalon Memory Mapped Slave
Nios Il Processor

Avalon Memory Mapped Master
Avalon Memory Mapped Master
Avalon Memory Mapped Slave
/On-Chip Memory (RAM or ROM)
JTAG UART

Inverter Processor

roo

EPCS Serial Flash Controller

PIO (Parallel 1/0)
Terminator_src_PEG_¥1
Terminator_src_PEG_V1

PIO (Parallel 110)

Flash Memory Interface (CFI)
!Avalon-MM Tristate Bridge
PI_PEG_%1

PAM_PEG_V1

DAC_PEG_1

TIMER_PEG_V1

ADC_PEG_¥1
PYWM_3PH_PEG_¥1
Terminator_src_PEG_V1
Terminator_src_PEG_V1
ALPHA_BETA_TO_ABC_PEG_W1
Mutex

JTAG UART

TIMER PEG V1

PLL_100M

PLL_100M

PLL_100M
PLL_100M
PLL_100M
clk_0
PLL_100M
PLL_100M
PLL_100M
PLL_100M
PLL_100M
PLL_100M
PLL_100M
PI_CLK
PLL_100M
PLL_100M
PLL_100M
PLL_100M
PLL_100M
PLL_100M
PLL_100M
PLL_100M
PLL_100M
PLL_100M

PLL 100M

Main loop execution time is 1.5us

IRQ O
0x%00211000

IRQ O
000000800
0x00208000
0:002120a0
03002120a8
0x%00212000
0x%00211800
000212060

0x%00212070
0x00100000

0300212020
0%00212040
0x%002120b0
0x00212080
0300212090
0300001000

0:00001020
0x002120b38
0300001060
0300001040

10
\1 0
|80

0x0



SISED

GCOMNC

FOC on SOPC

Red blocks — are hardware IPs

Main loop execution = 10 us in 100MHz
For TMS 320F2814 = 22 us in 150MHz
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Design flow CONC

Soft CPU

Off the Shelf CPU Cores -NIOS IlI, Mico Blaze,Leon3 etc.

C-DAC DAl Rights Ressrvad



SISED

Design flow CONC

Parallel 1/O

On chip
memory

Soft CPU

Micro

processor
peripherals

Comm:
Interfaces

Micro processor peripherals :- JTAG, Hardware Multiplier, memory interfaces, sys_id etc.
Communication Interfaces :- CAN,USB etc.

C-DAC DAl Pights Resgrvad



| WSsh
Design flow CONC

| Parallel 1/O

On chip
memory

Soft CPU

Micro

processor
peripherals

Comm:
Interfaces

PE IPs :PWM ,Pl,abc_to_dqg,dq_abc,
ADC/DAC controllers,Integrators etc.

C-DAC DAl Rights Ressrvad



| WSsh
Design flow CONC

| Parallel 1/O

On chip
memory
Soft CPU Micro
processor

peripherals

Comm:

Interfaces

For Multiplication - MUL A,B Similarly For PI Controller IP
hw_pi_in(Pl_ID,error);
out = hw_pi_read(Pl_ID);

Number of lines in the application code is less

C-DAC DAl Pights Resgrvad



Soft IP core: Design Advantages

SOPC PE Controller

= Higher level of design reuse
* Re-configurability
= Reduced obsolescence risk

» Simplified design update or change

Lesser over head in control software design

»= Parallel Processing
* Improved Time to market

» Single to multi-core flexibility
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