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What are FPGAs

The field-programmable gate array (FPGA) is a
semiconductor device that can be programmed
after manufacturing. Instead of being
restricted to any predetermined hardware
function, an FPGA allows you to program
product features and functions [...] . You can
use an FPGA to implement any logical

function ...

Altera Corporation - FPGAs , http://www.altera.com/products/fpga.html, 17.1.15, 19:21
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What are FPGAs .

Structure:
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National Instruments Corporation - Wie funktionieren FPGAs?
http://www.ni.com/white-paper/6983/de/, 17.1.15, 19:33

30/01/15 Advanced FPGA Design Methodologies with Xilinx Vivado 4



What are FPGAs

Structure of a logic block:
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Xilinx Inc. - Spartan-3E FPGA Family Data Sheet, 19.7.2013 ,P.23
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What are FPGAs

Structure of a SLICE:

FiMUuX D
Carr
LUT4 (G) Y Register
F5MUX D
Carry Register
LUT4 (F)
)
Arithmetic Logic

SLICEL DSI12-2_13_D20905

Xilinx Inc. - Spartan-3E FPGA Family Data Sheet, 19.7.2013 ,P.23
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Fields of applications

- Digital systems with small to medium
guantities

- Prototyping of digital systems for evaluation
and verification
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Fields of applications

Reasons:

e All possible digital functions can be
implemented

e User programmable
e Easy changes of the Implementation

* No mask costs
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Fields of applications

Disadvantages:
* No (flexible) analogue elements

* FPGA is slower and needs more power than
an ASIC with same function

* Price per chip in High Volume Production
relatively high
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Basic FPGA Design Flow

FPGA Basic Design Flow
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Basic FPGA Design Flow

Functional Specification Minimal Example:

* Implement a Fibonacci number generator
* Inputs: Reset (positive), Enable, Clock

e Outputs: 16-Bit — Fibonacci Number

* Target Frequency: 300 Mhz

* Frequency of sampling device: 200 Mhz
* |O-Standard: LVCMOS25
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Basic FPGA Design Flow

clk P rst =1 - resets to the beginning of the Fibonacci sequence
FibG enb = 1 — FibGen outputs Fibonacci sequence on every clk cycle
st 104s€l - out enb = 0 — FibGen stops and outputs the Fibonacci number last outputted

enb +

st=—1
st—1

rst=0&&enb=10 rst=0&&enb=10 rst=0&&enb=1

rst=0&&enb =1 rst=0&&enb=1

st=0&&enb=—1 st =0 &&enb =1
st =0 &&
enb=10
rst =0 &&
enb =1
regl <= I; out <= regl; out <=regl; out <=regl +regl; out == fib;
regl ==1; fib <= 1eg0; fib <=regl; fib <= regl + regl;
fib == regl; regl <=reg( + regl;
regl) <=regl;
14
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Basic FPGA Design Flow

28 Y m e -
29 27 Copyright (cl 20086 susan [ysecky, University of Arizona

30 . Permission to copy 75 granted provided that this header remains

31 /7 intact. This software 75 provided with no warranities.

32 S m e -
33

34 module { , , , 3

35

36 input , , :

37 output [16:0] :

38 reg [16:0] :

39

40 A4 states

41 parameter = 3 ;

42 parameter = 3 ;

43 parameter = 3 ;

44 parameter = 3 ;

45 parameter = 3 ;

46

47 A used to Tnitialize registers

48 parameter 16 = 16 ;
49 parameter 16 = 16 ;
50

51 reg [16:0] reg 0 = 16;

52 reg [16:0] reg 1 = 16:

53 reg [16:0] = 16;

54

55 reg [2:0] ;

56

57 always @ (posedge or posedge )
58 begin

59 if( == 1)

a0 begin

61 reg 0 = 16;

62 reg 1 = 16;

63 = 16;

o4

65 <= :

66 <= 16;

67 end
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Basic FPGA Design Flow

73 else
74 begin
75 case( )

77 begin

78 A4 determine next state
79 if( == 1

80 o= ,

81 else

82 < = ,

84 A assign output value
85 <= reg 0;

86 <= reg_0;

87 end

a0 begin

91 A4 determine next state
92 it == 1

93 < = ,

94 else

95 < = ,

a7 A assign output value
98 <= reg_1;
99 <= reg_1;

Lo1 end

LO4 begin

LO5 S determine next stare
LOG 1 == 1

LO7 <= :

LO8 else

LO9 <= :

111 A update values and assign output value
112 <= reg 0 + reg._1;

L13 <= reg 0 + reg_1;

L14 reg 0 <= reg_1;

L15 reg 1 <= reg 0 + reg _1;

L16 end
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Basic FPGA Design Flow

13 module :

15 reg . . :
16 wire [16:0] ;

20 always,
21 begin

23 e e

25 E25
26 end|

28 inmitial
29 begim

31 A4 reset
32 <= 1; <= 0;
33 2100,

35 Sl case O
36 <= 0; <= 0;
37 #2100 $Sdisplay("out_t = %b", )

39 ssScase 1T
40 <= 1;
41 #2500 $display("out_t = %b", )

43 Srcase 2
14 <= 0;
45 #2100 $display("out_t = %b", )

47 AAcase T
48 <= 1; <= 1;
49 #2100 $Sdisplay("out_t = %b", )

-

51 end
52 endmodule
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Basic FPGA Design Flow

1 create clock -period 3.333 -name clk -wavelorm {0.000 1.6&7} [get ports clk]

2create clock -period 5.000 -name clk virt -waveform {0.000 2.500]

Jset clock groups -name out_clk -asynchronous -group [get clocks clk virt]

-

2 sef Input delay -clock [get clocks clk] -min -add delay 1.000 [get ports enb]

oset Input delay -clock [get clocks clk] -max -add delay 1.500 [get ports emb]

Tset Input delay -clock [get clocks clk] -min -add delay 1.000 [get ports rat]

oset Input delay -clock [get clocks clk] -max -add delay 1.500 [get ports rat]

Jset output delay -clock [get clocks clk virt] -min -add delay 0.300 [get ports {out[*]}]
10 set output delay -clock [get clocks clk virt] -max -add delay 1.000 [get ports {out[*]}]
11
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Basic FPGA Design Flow
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Basic FPGA Design Flow

11l set property
12 set property
13 set property
14 set property
15 set property
16 set property
17 set property
18 set property
19 set property
20 set property
21 set property
22 et property
23 set property
24 set property
23 set property
26 set property
27 set property
28 set property
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PACKRAGE FIN
PACKRAGE FIN
PACKRAGE FIN
PACKRAGE FIN
PACKRAGE FIN
PACKRAGE FIN
PACKRAGE FIN
PACKRAGE FIN
PACKRAGE FIN
PACKRAGE FIN

Rls
T1l4
Wlsg
¥l4
W14
¥1l4
V135
W15
T15
Uls

[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports

{out[E]}]
{out[7]}]
{out[&]}]
{out[3]}]
{out[4]}]
{out[3]}]
{out[2]}]
{out[1]}]
{out[0]}]
rat]

IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
ICOSTANDARD

LVCMOS525
LVCMOS525
LVCMOS525
LVCMOS525
LVCMOS525
LVCMOS525
LVCMOS525
LVCMOS525

[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[get ports
[gel ports

fouc[1l6]}]
fouc[15]1}]
fouc[14]1}]
fouc[13]1}]
fouc[12]1}]
fouc[11]1}]
fouc[10]1}]
[out[3]}]
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Basic FPGA Design Flow
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Xilinx Inc. - Vivado Design SuiteUser Guide Design Flows Overview, 1.10.14, P.6
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Vivado Standard Design Flo

inx/Seminar/vc709_1hmc_8lane_pci_800mv/ve709_lhmec_Blane/c709_1hmec_8lanexpr] - Vivado 2014.3.1 | =R i:h]

Wi

 1hmec_8lane - [D:

Layout Wiew Help
& b |

Implemented Design - impl_29_entries96 | xc7vx690tffigl7s1-2 >

Flow Toals

@ ﬁ.’{‘; ‘S'g E = | £S5 Default Layout - \‘.\ ) Implementation Complete

Metist — O 2 = E Project Summary X | @ Dewvice X | @8 hmc_controller_top.v X O &= =

4 Project Manager

@.} Project Settings + NE_E
=% Add Sources + Leaf Cells =
+ ck_gen_1I
' Language Templates + dbg_hub
ik Catalog +] hmc_controller_instance
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4 IP Integrator + pattern_gen_top_instance -
+ res_rf_ I
HF Create Block Design =1 — ! -
45 Sources-_ ] Netlist
- Implementation Run Properties — O & =
o Bl &
9 STy ' impl_9_entries3s
% Simulation Settings =
'.4'.11[;_ Run Simulation Mame: impl_9_entries36 =
Part: @ xcTVxE90 g 176 1-2 (active ™
4 RTL Analysis = (; ) |_|
EIQ Open Elaborated Design Description: Vivado Implementation Defaults -
- I [
4 Synthesis General | Properties | Options | Log | Reports | Messages
= Synthesis Settings
@:" B s Design Runs — O = =
@- Run Synthesis .
% 5 O S .| Mame Constraints WNS THNS WHS THS TPWS Failed Routes LuT FF ERAM DSk Start
= Hpen Synihesized Lesian = + impl_8_entries255 constrs_1 0.06 0.00 0.01  0.00 0.00 0 531 3.07 17.14  0.00 1/5/15 5:4
5 ey | [ %l synth_8_entries256_ic constrs_1 4,28 2.02 1.09 0.00 1/5/15 4:5
L LLros el = « impl_8_entries256_ic constrs_1 0.10  0.00 0.05  0.00 0.00 0 531 3.07 17.14  0.00 1/5/15 8:0
1% Implementation Settings {» | &+ synth_9_entries9s constrs_1 4,15 1.79 1.09  0.00 1/6/15 11:3
[> Run Implementation |<] =
5 . —l-+" synth_9_entries96_ic constrs_1 4.15 1.79 1.09 0.00 1/6/15 12:31
Implemented Design b + impl_9_entries96_ic constrs_1 0.10 0.00 0.06 0.00 0.00 0 517 2.85 17.14 0.00 1/6/15 12:31
&= Cut-of-Context Module Runs
Program and Debug o= -+ dk_gen_200_to_i2c_synth_1 dk_gen_200_to_iZc 0.00 0.00 0.00  0.00 11414 4:1|=
##% Bitstream Settings . +- o ila_1_synth_1 ila_1 0.95 0.77 15.05  0.00 11/4/14 4:2|
. . +-+f hmc_transceiver_8x_synth_1 hmc_transceiver_8x 0.54 0.28 0.00 0.00 1117714 10:4 -
¥* | Generate Bitstream < o -
hd Open Hardware Mana = T = = N = = -
= =] Td Console Messages | [ Log 5| Reports 7> Design Runs Timing & utlization

N— '
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Incremental Compile

Reference
RTL

Synthesis

Reference Netlist
Netlist Change

Reference
Checkpoint
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Syvnthesis

Revised
Netlist

Revised
Checkpoint

Incremental
Run

Xilinx Inc. -

Vivado Design Suite
User Guide
Implementation
15.10.14

P.83
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Incremental Compile

Fdr. R ALSVADIULIIY LIOL-L |aluve) L_J
J. Create New Runs ﬁ Description: | Vivado Implementation Defaults R SSS Strg+E
1] M | X Entf

Create New Runs General | Properties | Options | Log | Reports | Messages
This wizard will guide you through the process of
creating and launching multiple synthesis or and Diesian Runs
implementation runs. You can then apply different =

Change Run Settings. .

Set Incremental Compile. .,

sets of command options, or strategies, to these ) .
i runs and launch them all at once. U\' Name Constraints Save As Strateqy ed Routes
| ol impl_8_entries256 constrs_1 -
e EI o synth_8_entries256_ic constrs_1 E* OpenFun
What type runs do you want to create? 2 .i impl_8_entries256 ic constrs_1 3} Launch Runs...
© Synthesis P EI \*' synth_3_entries3s constrs_1 Reset Rung
| _ . |- o impl_9_entriesds constrs_1 H
© Implementation B =] i ic (actve) constrs_1 B Launch Next Step: write_bitstream
‘ @ Both d i a constrs_1 Launch Step To b -
(=17 Qut-of-Context Module Runs
. Reset to Previous Step: route_design
| V|\ADO 4| Y dgen 20 o o 1 dhgen 20 0 2 « S
To continue, dick Mext .. v la_1_synth_1 la_1 % Generate Bitstream

BY| -+ hmc_transceiver Sx_synth_1  hmc_transceiver 3 B Display Runlog

| <Back | [ Enish il i
= |21 Display Run Reports
. : |5 Td Console | = Messages | G4 Log | ) Reports 3|
(0 Display Run Messages
# CopyRun...
[ Create Runs...

iarkierte Objekt. Zum Skalieren ziehen Sie die Ziehpunkte, Zum [} (3 Open Run Directory...
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Incremental Compile

= : L?r $‘ B> ﬂ"f_:. Set Incremental Compile P Imple
& Implems y ] " y i :
4| Enable/disable incremental compiling by choosing or dearing a checkpoint file.
Metlist ‘ c_controller_top.v X
= |l
jer 3 verog Use checkpoint: | _pd_800myv fvc709_1hmc_8lane firc709_1hmc_8lane.runsfimpl_2/vc709_top_routed.dcy
settings - Ned
. QK | Cancel
rees
12 Templates -5 dbg_hub (dbg_hub_CV) l_“! |-
. 4. Vivado Checkpoint Files
< Loak in: _ impl_2 , =i ¥ ‘_:!] =1 L ﬂ%"-h J X L:'L; ExE
ilodk Desif
o il Recent Directories
yck Desig I =
= ‘;E,? g wc709_top_opt ) D fwilinefSeminar fuc702_1hme_8lane_pc_800mvfvci03_1hme_8la... w
e Blodk [
Zuletzt verw... ‘:' ?GQ‘D p_placed File Preview
= wcl09_top_routed
-_ File: wc709_top routed dcp
n Settin
: 1 ! Directory: ]
sikice Desktop Dyxilinx/Seminar/ve709_1hme Slane pci 800mv/ve709_ lhme §
Created: Friday 19.12.14 12:03 PM
vl Accessed: Friday 19.12.14 12:03 PM -
< @ Modified: Friday 19.12.14 12:03 PM ]
EREEE R S Size: 12.1 MB
is Setting Type: Checlpoint design
e i L Owner: Bubu-PC'\Jisch
e5is i
| ] Computer DSP
nthesizel E 2 oc
< ] r
3 — oo oc
on
- Q.-! File name: w709 _top_routed.d oK 7,14 0.C
ntation S o i 1.09 0.
Metzwerk ) —_— : :
lementat Files of type: | checkpaint design {.dop) - Cancel 7.14 0.
1.09 0.0
nted Deshe: = e — s j_?..l‘

ftext Module Runs
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Incremental Compile

Short Summary:

* A minimum of 85% match between original
and new netlist required

 Design Checkpoint from previous
Implementation needed

* Checkpoint can be (partially) placed or
(partially) placed and (partially) routed
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Test Setup & Results

e Starting Point: Fully implemented design with
checkpoints

* List of small to big changes

e 2 runs for every list entry — One with Standard
Flow, One with Incremental Compile

* Compare: Runtime, Timing, Resource
Utilization

30/01/15 Advanced FPGA Design Methodologies with Xilinx Vivado 32



Test Setup & Results

Incremental Compile Runtime Reductions

_15_
B3 reduction = 5%
s B reduction < 0%
= = approx. reduction curve
E 3 reduction > 0% < 5%
E =10 —
‘:.:I
fa
[11]
E
E -5
=3
o
o
=
E
3
® 0
t
a
E
a
5

[ [ [ [ [ [
100 a5 a0 85 aa 75
Reused Cells in %
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Test Setup & Results

Calculated Theoretical Runtime Reductions

[ Reduction = 10%
[ Reduction = 10%
— Approx. Reduction curve

Incremental Compile Runtime Difference in %

| | | | |
100 a5 a0 85 a0 75
Reused Cells in %
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Test Setup & Results

Runtime Facts:

* Best measured runtime reduction: 21.22 %
e Best theoretical reduction: 26.81 %

e Average runtime reduction: 6.19 %

e Additional runtime inducted trough
Incremental Compile: 1:45 min
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Test Setup & Results

Timing results:

* No influence, all required timings met
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Test Setup & Results

Resource utilization:

* No influence on used Block Ram and Slice
Registers

e Utilization of Slice LUTs, LUT FF-Pairs and used
Slices stayed same or dropped a bit
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Conclusion

Incremental Compile:
 Easy to use
e Overall small runtime reductions

e Sometimes small resource utilization
reductions

=> Only minor improvements, still
recommended for usage

30/01/15 Advanced FPGA Design Methodologies with Xilinx Vivado
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Discussion

Any Questions?

Xilinx IC: http://en.wikipedia.org/wiki/Xilinx#fmediaviewer/File:Xilinx_Spartan-3E_%28XC3S500E%29.jpg
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