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Inverter for control induction motor
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ABSTRACT

This project presents an inverter, control induction motor. It can control induction motor
3 phases by changing the frequency of sinusoidal signal on output port of inverter by fixed ratio
between voltage and frequency. The switching signal, which is generated by PWM techniques
will be added third harmonics. The desired signal is indicated by Micro Controller
P89v51RD2BN and transfer data to FPGA, Sparton XC38200 for generate desired PWM. In

practically of this project use this inverter to control an induetion motor 3 phases (1 HP)
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S XILINX”

Spartan-3 FPGA Family:
Complete Data Sheet

D5089 December 24, 2003

Advance Product Specification

This document includes all four modules of the Spartan™-3 FPGA data sheet.

Module 1:

Module 3:

Introduction and Ordering Informatlon  DC and Switching Characteristics

DS099-1 (v1.2) December 24, 2003
§ pages

+ Intreduction

»  Fealures

¢ Architectusal Overview

+  Preduct Availabitity

*  User G Chart

+  Ordaring Information

Module 2:
Functional Description
DS0088-2 (v1.2) July 11, 2003
40 pages
« 10B8s
- OB Qverview
SelectlO™ Signal $iandards
* CLB Overview
*  Block RAM
*  Dedicated Multipliars
* Digitat Clock Manager (DCM)
- Clock Network
+  Conhiguration

DS099-3 (v1.1) July 11, 2003
14 pages
+ DC Electrical Characteristics
Absolute Maximum Ratings
- Recommended Operating Conditions
* Configuration
- Power-On Timing
- Timing for the Configuration Mades
- Timing for JTAG Port
+  Switching Characteristics
- DLL Timing

Module 4:
Pinout Descriptions
DS099-4 (v1,3) December 17, 2003
104 pages
»  Pin Descriptions
»  Pin Behavior During Configuration
*+  Package Overview
+ Pinout Tables
- Foctprints

IMPORTANT NOTE: The Spartan-3 FPGA data sheet is created and published # separate modules. This complete
wmsion is provided for easy dowrleading and searching of the complete document. Page, figure, and table numbers begin
at 1 for each module, and each module has its cwn Revision History al the end. Usa the PDF "Bookmarks" for Bsasy

navigation in this volume.

© 2003 Xitinx, tne. Al rights rasarved, All Xilinx trademarks, regictared fragamarks. patents. and disclamers are as Istad at 2
Al D rademarks and ragistered tadamaiks are 1he property of thelt respective owners. All specibcations are subject to change without natice

DS09% December 24. 2003
Advonce Product Specificalion

wwwxilind.com
1-800-255-7778
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& XILINX®

Spartan-3 FPGA Family:
Introduction and Ordering
Information

DS099-1 (v1.2) December 24, 2003

Advance Product Specification

Introduction

The Spartan™-3 family of Field-Programmable Gata Anays
I5 specifically designed to meel the needs of high voiume,
casl-sensilive consumer electronic  applications. The
aight-member family offers densities ranging from 50,000 1o
five millioh system gates, as shown In Table 1,

The Spartan-3 lamily builds on the success of the earlier
Spartan-tlE family by increasing the amount of jogic
resources, the capacity of internal RAM, the total number ol
IFOs, and the overall tevel of perdormance as weli as by
improving clock  managament  functions.  Numerous
enhancamenis derive from stata-of-the-art Virtex™-|l fech-
nolegy. These Spartan-3 enhancaments, combined with
advanced process fechnology, deliver mare junctionality
and bandwidth per dollar than was previously possible, set-
ting new standards in the programmable logic industry,

Because of Iheir exceptionally low cast, Spartan-3 FFGAs
are ideally suited 10 a wide range of consumer electronics
applications, including broadband access, home network-
ing, display/projection and digital television equipment.

The Spartan-3 family Is a superfor alternative 10 mask pro-
grammed ASICs. FPGAs avoid the high initial cost. the
lengthy development cycles, end the inherent inflexibility of
canventional ASICs. Also. FPGA programmability permits
design upgrades in the fleld with no hardware replacement
necassary, an impossibility with ASICs.

Features

* Revolutionary 90-nanamater proecess technology

+  Very low cost, high-performance logic solution for
high-volume, consumer-otiented applicatians

Densities as high as 74.880 logic cells
326 MHz systar clock rate
Three power ralls: for core (1.2V), V05 {12V 1o
3.3V}, and auxiliary purposes (2.5V)
*  SelectiO™ signaling
Up to 784 1O pins
- 622 Mb/s data transfer rate per O
- Sevenleen single-ended signal standards
- Seven differential signal standards including LVDS
- Termination by Digitally Conirolled Impedance
- Signal swing ranging from 1,14V ta 3.45V
- Double Data Rate {DDR) support
* Logic rasources
- Abundant logic calls with shilt register capability
- Wide multiplexers
- Fast look-ahead carry logic
- Dedicated 18 x 18 multipliers
- JTAG logic compatible with {EEE 1149.1/1532
specifications
+  SelectRAM™ hiararchical memory
- Upto 1,872 Kbits of 1otal bleck RAM
Up to 520 Kbits of tetal distributed RAM
» Digital Clock Manager (up to four DCMs)
Clock skew efimination
Frequency synthesis
High resolution phase shitting
»  Eight global clock lines and abundant routing
*  Fully supported by Xilinx ISE davelopment system
- Synthesis, mapping, ptacemeni and routing
+ MicroBlaze proceasor, PCl, and other cotas

Table 1: Summary of Spartan-3 FPGA Attributes
CLB Array _ Maximum
System | Logic | (One€LO-FourSlices) | piayibuted |BlackRAM [ Dodicated Maximum | Diferential
Device Gates Cells | Rows |Columna | Total CLBs | AAM (bits?) {bila'} Mullipfiers | DCMs | User VO Y0 Pairs

RCoeEn SRk | 1728 | 1% T2 92 2R 72K ] 2 24 55
XCAS200 200K 4,320 24 20 4830 0K 216K 12 4 173 7%
XC38400 ACOK 8 064 R 24 H9& 56K 2ABK 16 4 264 18
XC3S1000 M 172680 | 48 40 1.920 120K 432K 24 4 301 178
XG251500 | 15M | 25052 | 64 52 330 208K 576K a2 4 197 221
%C352000 M 46080 | A9 6 5,120 320K 720K 40 4 565 279
XCISAL00 4M g2200 | 26 72 6,012 132K 1.728K 96 4 Te 2
XCAS5000 SM 74680 | 104 0 8,320 520K 1.872K 104 4 T84 M4
Notes:

1. By cenwention. one Kb is equivalent to 1.024 hils.

& 2003 Xilinx. Inc. Al rights reserved. Al Xikinx trademarks, reglstered Irademarks, patenis. and disclaime s are as listed at
Al cther trademarks and ragistered trad=marks are the property of their respective awners. All specifications are subjsct 10 chanae wihout nolce,
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Architectural Cverview

The Spartan-3 family architecture consists of five funda-
mental programmable lunctional elements;

Configurable Logic Blocks (CLBs} contain RAM-based
Leok-Up Tables {LUTs; to implement legic and storage
elements thal can be used as flip-fops or faiches,
CLBs can be programmed tao perform a wide variety of
logical functicns as well as to store data.

inpurOutput Biocks {(IOBs) control the fiow of data
batween the I'C pins and the internal logic of tha
device. Each 10B supporns bidirectional data flow plus
3-state  operation.  Twenty-fowr diffsrent  signal
standards, including  seven high-performance
differential standards, are available as shown in
Table 2. Double Data-Hale (DDR) registers are
Included. The Digitally Controlled Impedance (DCH
feature provides automatic on-chip terminations,
simplifying boaid gesigns.

Block RAM provides data stosage in the form of 18-Kbit
tual-port blocks.

L0
DI

Muliplier blocks accep! bwo 18-hit binary numbers as
inputs and calculate the product,

Digital Clock Manager (DCM) blocks provide
salf-calibrating, fully digital solutions for distributing,
deiaying, muitiplying, dividing, and phasa shifling clock
signals.,

These elements ara organized as shown in Figure 1. A ring
of IOBs surrounds a regular array of CLBs. The XC3550
has a single column of biock AAM embedded in tha array,
Those devices ranging from the XC35200 to 1he XC352000
have wo columns of block BAM. The XC3S4000 and
AC 355000 devicas have four RAM columns, Each column
is made up of sevaral 18K-bit BAM blocks: each bfack is
associated wilh a dedicaled multiplier. The DCMs are posi-
tioned at the ends of the cuter block RAM columns.

The Spartan-3 iamily features a rich network of traces and
switches that interconnect all five Ranctional slements,
transmitting skgnals among them. Each functional elemant
has an associated switch matrix that parmits muitiple con-
nections to the reuting,

G
@

=

L]
HERN

(TR I T (T [

L]

0 O =
I O

|

[0
7

Notes:

1. The two additional biock RAM calumn
devices ara shown with dashed lines.
column on the far Isfi.

Figure 1: Spartan-3

! B
Elock RAM  Muitipher

v 40102 70

5 of the XCI54000 and XCISE000
The XC3IS50 has only 1he block RAM

Family Architecture

www.xiling com
1-B0Y-255-7778
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Configuration

Spartan-3 FPGAs are programmed by [nading copfiguration
cale into robust static memaory cells that collectively contral
all functional elements and routing resources. Before pow-
eting on the FPGA, canfiquration data is stored externally in
a PROM or seme other nomvolatile mecium edhar on or off
the board. Afer epplying power, the conliguration data is
written to the FPGA using any of five different modes: Mas-
ter Parallel, Siave Parallel, Master Serial, Slave Serial and
Boundary Scan {JTAG). The Master and Stave Parallsi
medes use an B-bit wida SelectMAP™ part,

The racommended memory for storing the configuration
data is the low-cost Xiinx Plattorm Flash PROM family,

which includes the XCFO0S PROMs for serial configuration
and the highar dansity XCFOOP PROMs for parallet or serial
configuration.

/O Capabllities

The SelectiO leature of Spartan-3 devices supports 17 sin-
gle-ended standerds and seven differential standards as
listed in Takle 2. Many standayds support the DCI feature,
which uses integrated terminalions 10 eliminate unwanted
signal reflactions. Table 3 shows the number of user VOs as
wall as the numbear of differential IO pairs available for each
device/package combination.

Table 2: Signal Standards Supporied by the Spartan-3 Family

Standard Veco DCi
Category Description {v) Class Symbol Option

Slngle-Ended
GTL Gunning Transceiver Logic NiA Terminatec GTL Yes
Flus GTLP Yes
HSTL High-Speed Transcewer Logic 1.5 1 HSTL_} Yes
m HSTLIN Yes
1.8 I HETL_I_18 Yes
1] HSTL_ll_18 Yes
i HSTL_il_18 Yoy
LVCMOS Low-Voitage CMOS 1.2 N/A LVCMOS12 No
1.5 N/A LVCMOS315 Yes
1.8 N/A LvCKMOS18 Yes
2.5 N/A LVCMOS25 Yes
3.3 N/A LYCMOS533 Yes
LVTTL Low-Voltage Transistor-Transistor Logic 3.3 N/A LVTTL No
PCI Paripheral Companent Interconnect 3.0 33 MHz PCI33_3 No
SSTL Stub Series Terminated Logic 1.8 N/A SSTLA_| Yes
2.5 | S5TL2_) Yes
H SETL2_I Yas

Ditterentini
LbT !—,ﬁ?;‘:‘;iﬁ:;r{iﬂ?s""" 2% NiA LDT_25 No
DS Low-Voltage Differential Signaling Standard LVDS_25 Yes
Bus BLYDS_25 No
Extended Mods LVDSEXT_25 Yes
Ultra ULVDS_25 No
IVPECL Low-Voltage Posifive Emitter-Coupled 2.5 N/A, LVPECL 25 No
Logic
RSDS Reduced-Swing Differential Signaling 2.5 N/A RSDS_25 No
DS08Y-1 (v1.2) Dacambar 24, 2003 3
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Table 3: Sparian-3 /O Chart

!_ Avallnbke User 'Os and Ditferential [DU6) V'O Pairs
vQ1oo TQ144 PQ208 FT256 FG320 FG456 FG676 FGago FG1156
Device |User | Diff | User | Diff | User | DI | User | Dilf | User | Diff | User | Diff | User | Difl | User | Dift | User § Diff
XC3s50 63 1 29 7 | 46 | 124 | B& - - - - - . - - - - -
XC35200 63 | 29 | 97 | 46 | 141 | B2 [ 173 | VB - - - . - -
XC38400 - - g7 | 46 | 141 | B2 | 173 | & | 221 [ 100 | 264 | 116 - - -
XCRA51000 - - - - - - 173 | 76 | 221 (100 | 333 | 140 | 391 | 175 - . - -
XC351500 | - - - - - - - - | 221 | 100 | 333 | 149 | 487 | 22% - -
XC3820600 - - - - - - - - - - - - 489 | 221 | 565 | 27C
XC354000 [ - - - - - - - - . - . - - - 633 | 300 | 712 [ 12
XC385000 | - - - - - . - - - - - - 633 300 | 784 | 344
Notes:

1. All dewica options listed in a given package column are pin-compatible.

Product Ordering and Availability

Takie 4 shows all valid device ordering combinations of range parameters for the Spartan-3 family as well as tha
clevice density, speed grade, package, and temperature  avallability status of those combinations.

Table 4: Spartan-3 Device Avallabllity

Package Type!t: | VOFP | TQFP PQFP | FTBGA FBGA
Code: | vG100 | Taf44 | PG208 | FT256 | FG320 | FG456 | FGG76 ] FGS00 ]Fcnse
- : TR S
XCISED ) CEE . - - . - -
XC35200 ©n L oen | ©n | - - - - -
XC3S400 - ey | ©en | @ | €y | @y . . -
XC351000 - - - (€. 1) ©n | o | - -
XC351500 - - - . ©.n | €y | @y - .
XC352000 - - - . - - <.h c.h -
XCIS4000 . . - - - - . e | ©.n
XC3SE000 - - . - - - . €y | e

Notes:

1. Packags typas are axplained in Qrdeiing Information. page b,

2. Commercial devices nia offered in the -4 and -6 speed gindes, industrial devices are only in the -4 spead grade.

3. C=Commercial, Ty=0" 10+85 C: {=1Industrial, T, = <40°Cto +100°C.

4. Parentheses indicate \hal o given device is not yet relaased to production. Comact your local sales offica for availability information.

4 www.xlling.com DS096-1 (v1.2} Decamber 24, 2003
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Ordering Information

Example: PQzos (T‘ )
Device Type Temperature Range
Spead Grade Package Type ! Number of Pins
Device Speed Grade Packnge Type / Humber of Pins Temperature Range (T,)
XC3850 -4 |Standard Performance| [ vQ100 [100-pin Very Thin Quad Flat Pack {VQFP) C [Gommercial {07C to B5*C)
XCB5200 1| -5 |High Pedormance “TO‘! 44 1144-pin Thin Quadl Flat Pack {TQFP) i |Industrial (-40°C to 100°C)
XGA5400 PQ208 [208-pin Plastic Quad Flat Pack {POFP)
XCAS1000 FT256 |256-bail Fine-Pitch Thin Ball Grid Array (FTBGAY
XC351500 FG320 |320-ball Fine-Pitch Ball Grid Array (FBGA)
XC35200¢ FG45G |456-ball Fine-Pitch Ball Grid Array [FBGA})
XCIGA000 FGE78 (676-ball Fine-Pich Ball Grid Array (FBGA}
XCISE000 | 5600 1000-bak Fine-Pitch Ball Grid Array {FBGA)
F(:1156|1156-ball Fine-Pitch Bal! Gnid Array (FBGA)

Package Marking
R EREEL BE

=y

Date Code
Lol Code
Speed Grade
Qperating Aange
-t 02 10
Revislon History
Dale Version No. Description
04/11/03 1.0 ! nitiat Xilinx release.
04;24/03 1.1 Updated biock RAM, DCM, and multiplier counts for the XC3550.
12/24/03 1.2 Added the FG320 package.

The Spartan-3 Family Data Sheet
DE099-1, Spartan-3 FPGA Family: Introduction and Ordering information (Module 1}

DS099-2, Spartan-3 FPGA Famtly: Functional Description (Module 2)
DS099-3, Spartan-3 FPGA Family: DC and Switching Characteristics Module 3)
DS099-4, Spartan-3 FPGA Family: Pinout Descriptions [Modula 4)
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