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FPGA 
architectures

Part 1 

Module: Electronics & Telecomunication, 5rd year

Programmable Logical Devices
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Agenda
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• ASIC vs ASSP vs FPGA

• FPGA devices
• Features

• Market data

• FPGA architecture

• Xilinx FPGA 
• Spartan 3

• Spartan 6 Virtex 6

• 7 Series 

• EasyPath
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References
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WWW FPGA manufactures
• Big labels ( in alphabetical order)

– www.actel.com (Microsemi)

– www.altera.com (Intel)

– www.atmel.com (Microchip)

– www.latticesemi.com

– www.quicklogic.com

– www.xilinx.com (this lecture) (alliance with IBM since Nov 16, 2015)

• FPGA startups

– http://www.achronix.com embedded FPGA (eFPGA)

– http://www.siliconbluetech.com – acquired by LatticeSemiconductor

– http://www.tabula.com � Feb 2015 closed

• extras

– http://www.easic.com

• general

– www.eetimes.com/design/programmable-logic-designline

ASIC? ASSP? or FPGA?
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ASIC? ASSP? or FPGA?
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ASIC ⇔ FPGA

J.Kasperek & P.J.Rajda © 2017 Katedra Elektroniki AGH

Non-recurring engineering (NRE) refers to the one-time cost to research, develop, design and test a new product.
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ASIC? ASSP? or FPGA?
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Xilinx: FPGA inventor story
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The new Xilinx FPGA is built using 6.8 billion transistors to 

give customers access to two million logic cells, equivalent 

to 20 million ASIC gates, for system integration, ASIC 

replacement, and ASIC prototyping and emulation. This 

capacity is made possible by Xilinx's stacked silicon 

interconnect technology, the first application of 2.5D IC 

stacking that gives customers twice the capacity of 

competing devices and leaping ahead of what Moore's Law 

could otherwise offer in a monolithic 28nm FPGA, the 

company said.

Our first FPGA, the XC2064, was shipped in 1985; it offered 800 gates, sold 
for $55, and was produced on a 2.0µ process. We have been shipping that 
device for 15 years and today it sells for just $5. 
by Wim Roelandts, CEO, Xilinx (1999 Xcell 32)
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FPGA features
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• Perfect technology for embedded systems market

Fast Time-to-Market

• Integration benefits

lower costs, lower power consumption, small size, System on Chip

• Lower costs and lower risks then ASIC,

no NRE (Non-Recurring Engineering)

minimum order size nor inventory risk, 

no long delay in design and testing

• Extreme high data processind speed

massively parallel operation much faster than DSP engines

• Programmable at every stage of development  and usage

in design, in manufacturing, after installation

allows unlimited product differentiation

Internet Recofigurable Logic

J.Kasperek & P.J.Rajda © 2017 Katedra Elektroniki AGH
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PLD companies
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FPGA market data
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https://www.eetimes.com/author.asp?doc_id=1331443

https://www.variantmarketresearch.com/report-categories/semiconductor-electronics/field-programmable-gate-array-market



10

General FPGA architecture
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•Input Output Block

•Configurable Logic Block

•Connections & routing resources

General FPGA architecture

J.Kasperek & P.J.Rajda © 2017 Katedra Elektroniki AGH
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FPGA XILINX story
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•XCS /XL (Spartan)
1997 5...40 tys. LGEs

• XCV – E/EM (Virtex)
1998 58... 4.074 tys. LGEs

• XCS-2 (Spartan-2)
2000 15...200 tys. LGEs

• XCV-2 (Virtex-2)
2001 40...10.000 tys. LGEs

• XCS-3 (Spartan-3)
2004

• XCV-4 (Virtex-4)
2004

• XCV-5 (Virtex-5)
2007

• XCS-6 (Spartan-6)
2009 3,8...147 tys. Logic Cells

• XCV-6 (Virtex-6)
2009 75...567 tys. Logic Cells

• XCV-7 (Virtex-7,Artix-7,Kintex-7)
2010-2011 8...1955 tys. Logic Cells

Now they are selling 28nm 

aiming at 16…20 nm devices with IBM 

• XC 2000
1985 0,8...1,5 tys. LGEs

• XC 3000 & 3100 /A/L
1987 1,5...7,5 tys. LGEs

• XC 4000 : 

A/H/D/E/L/EX/XL/XLT/XLA/XV
1990 2...250tys. LGEs 

• XC 5200
1994 3...23 tys. LGEs  

• XC 6200
1996 13...100 tys. LGEs

Xilinx Spartan3

J.Kasperek & P.J.Rajda © 2017 Katedra Elektroniki AGH

• technology  90nm

• coarse grain structure

• 50k – 5.000k system gates

• 725 MHz max toggle frequency

• clock – DCMs: 2...4

• 18-bits multipliers: 4...104

•memory Select RAM+

• distributed: do 520 Kb

• block (18Kb): do 1872 Kb

• external

• SRAM configuration memory

(4 modes + ReadBack)

• port JTAG

(test + configuration)

• supply:

• VCCINT : 1,2V

• VCCAUX : 2,5V

• VCCO : 1,2...3,3V
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Xilinx Spartan3
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� flip flop / latch

� Clock Enable �

� AP / AC / SS / SR

� LUT (Look-Up-Table)

� carry logic

� CLB = 2 x LS = 4 x LC

Spartan3 CLB – LUT

J.Kasperek & P.J.Rajda © 2017 Katedra Elektroniki AGH

LUT:

� 4-inputs function generator

� SinglePort / DualPort RAM

� 16-stages shift register
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Spartan3 CLB – multipleksery
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• no BUFT/BUFE

� bus function as mux

� other mux:

CYMUX, BUFGMUX

Spartan3 – Carry & Arithmetic logic

J.Kasperek & P.J.Rajda © 2017 Katedra Elektroniki AGH

• adder �

• multiplier �

• counter �
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Spartan3 – Carry & Arithmetic logic
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• Equality Comparator �

•Wide-AND �

•Magnitude Comparator �

Spartan3 - IOB

J.Kasperek & P.J.Rajda © 2017 Katedra Elektroniki AGH

DDR:

• flip flops pair

• DDR mux

• each core signal can be inverted

Programmable:

• pull-up 

• pull-down

• weak-keeper �

• DCI Digital Controlled Impedance

• delay
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Spartan3 - IOB
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5V interface possible with LVTTL buffers:

• input (IBUF) – IIK <100mA, <100 inputs

• output (OBUF, OBUFT) – optional driver

• I/O (IOBUF) –

• clock. (IBUFG) –divider required�

Spartan3 – LUT as Distributed RAM

J.Kasperek & P.J.Rajda © 2017 Katedra Elektroniki AGH

RAM32X1S

RAM16X1D



16

Spartan3 – LUT as Shift Register
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Applications:

• long digital delay lines

• big capacity counters

(also LFSR)

• synchronous FIFO

• pseudo random generators

Spartan3 – Block RAM

J.Kasperek & P.J.Rajda © 2017 Katedra Elektroniki AGH
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Spartan3 – Block RAM
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Applications :

• big memories (cascading)

• ROM memories

• FIFO registers

• code memory for soft µP cores

• round buffers

• delay lines

• advanced FSM

• big logic functions

• fast big capacity counters 

• CAM memories

• two port memories

• function tables (DDS)

Spartan3 – multipliers

J.Kasperek & P.J.Rajda © 2017 Katedra Elektroniki AGH

• 18-bits arguments

• 36-bits  products

• U2 code 

• optional registers

Applications:

• multiplications

• shifting

• modulus

• U2 code actions

• complex number actions

• floating point 
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Spartan3 – Clock Resources
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• 16 global clock 

inputs GCLK

• 8 inputs for local 

clock LH/RHCLK

• 2...8 DCM

(Digital Clock Manager)

• „fractal like”  

distribution 

Spartan3 – DCM

J.Kasperek & P.J.Rajda © 2017 Katedra Elektroniki AGH

DCM blocks: 

• DLL (Delay Locked Loop)

• DFS (Digital Frequency Synthesizer)

• PS (Phase Shifter)

• Status Logic

DCM functions :

• phase differencies elimination

• phase shifting

• clock multiplication  / division 

• duty ratio correction

• DLL: Fin × 2

• DLL: Fin / 1.5, 2, 2.5 ... 7.5, 8 ... 16

• DLL: Fin >> 0° / 90° / 180° / 270°

• DFS: Fin × M/D; M=2...32, D=1..32
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Spartan3 – interconnection resources
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Interconnect Tile:

Switch Matrix connection

(CLB, IOB, DCM, BRAM,MULT)

Connection resources:

• long lines

• hex lines

• double lines

• direct lines

Spartan3 – interconnection resources
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• 24 lines horizontal and vertical for 

every row and column spanned for the 

chip width

• every 6th Switch Matrix connection

• 8 hex lines in  4 directions

• input at the start only

• output at the end and/or  in the middle

• every 3rd Switch Matrix connection

• 8 double lines in  4 directions

• input at the beggining only

• output at the end and/or in the middle

• every 3rd Switch Matrix connection

• direct lines in  8 directions



20

Spartan3 – configuration
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Configuration modes :

• Slave Serial 

•Master Serial

• Slave Parallel

(SelectMAP)

• Boundary Scan

(JTAG)

ReadBack:

•After programming verification 

• debug read any flip flop 

Virtex6 Spartan6

J.Kasperek & P.J.Rajda © 2017 Katedra Elektroniki AGH
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Virtex6 Spartan6
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Virtex6 Spartan6
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Virtex6 Spartan6
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Virtex6
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Virtex6
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Virtex6
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Virtex6
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Virtex6
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Virtex6
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Virtex6
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Virtex6
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Virtex6
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Virtex6
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Spartan6
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Spartan6
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Spartan6
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Spartan6
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Spartan6
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7 Series
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7 Series
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7 Series
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7 Series

J.Kasperek & P.J.Rajda © 2017 Katedra Elektroniki AGH



32

EasyPath  FPGA
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EasyPath FPGA 30..70 % cost FPGA

Thank you!
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