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module main (clk, led);
input wire clk;
output wire led;

reg [26:0] cnt=0;
always @(posedge clk) cnt <= cnt + 1;

assign led = cnt[26];
endmodule
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ASIC (Application Specific Integrated Circuit)
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Intel Skylake microprocessor August 2015

ﬁ, Xilinx Artix-7 FPGA on Arty A7-35T
CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH



Reconfigurable Systems
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« FPGA (Field Programmable Gate Array)
« AMD (Xilinx)
« Intel (Altera)

 Lattice b—}e c
* NanoBridge E:D S

This circuit can change the role of AND or OR gate by the value stored ins.
Is this reconfigurable? No!
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W97 TT—TIL (Lookup Table, LUT)
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W97 TT—TIL (Lookup Table, LUT)

« Reconfigurable Logic

3-input LUT structure
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This circuit can change the role

of AND or OR gate by the value stored ins.
Is this reconfigurable?
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W7y TT—T )L (Lookup Table, LUT)
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« Reconfigurable Logic

« 3-input LUT has 8 configuration registers

« 6-input LUT for Artix-7 FPGA
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ﬁ” 3-input LUT structure
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FPGA (Field Programmable Gate Array)

« Artix-7 FPGA (xc7a35tcsg324-1L)
« Vivado, open implemented design, and select Layout Menu, then I/O planning
« 16 x 16 = 324 pins, max user pins of 250

FPGA chip photo

mainll.xdcDExFJD 21T | set_property -dict { PACKAGE_PIN E3 IOSTANDARD LVCMOS33} [get_ports { w_clk }];
create_clock -add -name sys clk -period 10.00 [get_ ports {w_clk}];
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Slice and SLICEL

« There are two types of slices. multiplexer e M e .
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CLB (Configurable Logic Block) and Slice

\
« Each CLB has two slices X

There are two types of slices. They are SLICEL and SLICEM.

Approximately two-thirds of the slices are SLICEL logic slices and the rest
are SLICEM, which can also use their LUTs as distributed 64-bit RAM or as
32-bit shift registers (SRL32) or as fwo SRL16s.
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FPGA (Field Programmable Gate Array)

+ Artix-7 FPGA (xc7a35tcsg324-1L)  _Slice
- 2,600 CLB =5,200 slices

LUT (Lookup Tap

xc7a35tcsg324-1L FPGA die CLB (Configurable Logic Block)
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Xilinx 7 Series Configuration Logic Block (CLB)

7 Series FPGAs

Configurable Logic Block Slices = SLICEL + SLICEM
Distributed RAM (bit) = SLICEM x 256

Flip-Flops = LUTs x 2

User Guide
Tabie 1-2: Artix-7 FPGA CLB Resources
’ G-input  Distributed RAM Shift
Device Slices!" SLICEL SLICEM Register Flip-Flops
LUTs (Kb) (Kb)
UGA474 (v1.8) September 27, 2016 -
I —— 7A12T 2,0001%) 1,316 684 8,000 171 86 16,000
7AIST | 26009 | 1800 | 800 10,400 | 200 100 | 20,800
7A25T 3,650 2,400 1,250 14,600 313 156 29,200
7A35T 5,2001%) 3,600 1,600 20,800 400 200 41,600
7A50T 8,150 5,750 2,400 32,600 600 300 65,200
7A7ST | 11,8002 | 8232 | 3568 47200 | 892 46 | 94400
7A100T | 15850 | 1L100 | 4750 63400 | 1,188 504 | 126,800
7A200T 33,650 22,100 11,550 134,600 2,888 1,444 269,200
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Artix-7 Architecture Overview

« CLB (Configurable Logic Block)

« BRAM (Block RAM, embedded memory)
« DSP (Digital Signal Processing)

« CMT (Clock Management Tile)

« Routing fabric
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FPGA Design Flow

« IP Integrator
 Simulation

* RTL Analysis
« Synthesis

* Logic Synthesis GRIEEERL), RyFJR
DA R
« Implementation
* Place and Route (ECi&-BCfR)
* Program and Debug
 Bitstream generation
* Program
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Add Sources
Language Templates
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Create Block Design
Open Block Design

Generate Block Design

~  SIMULATION

Run Simulation

v RTL AMALYSIS
» Open Elaborated Design

v SYMNTHESIS
P Run Synthesis

» Open Synthesized Design

v IMPLEMEMNTATION

P Run Implementation

» Open Implemented Design
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Example Synthesis Result
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v SYNTHESIS

¢ P Run Synthesis ) COd eege .V

~ Open Synthesized Design r_DUt[U]_i_l r_DUt[l]_i_].
Constraints Wizard module m_main (w_clk, w_led);
Edit Timing Constraints input wire w_clk; 0 0=!0 1 10 O=I0& ! + !0 &1
A4 Set Up Debug output wire [3:0] w_led; 0
9 Report Timing Summary 1
Report Clock Metworks reg [3:0] r‘_out = 0; 1
Report Clock Interaction always@(posedge w_clk) r_out <= r_out + 1;
Report Methodology aSSign W_led = P_OUt; 0
Report DRC endmodule
Report Noise
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-~ Reiort Power
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Example Implementation Result

Device

v IMPLEMENTATION el= Q%% ol R 6 o

@un Implement@

~ Open Implemented Design

Constraints Wizard F out0] i 1
Edit Timing Constraints
™ Report Timing Summary
Report Clock Metworks
Report Clock Interaction
Report Methodology

Feport DRC

Feport Moise

Report Utilization

& Report Power

*4 Schematic
Cell Properties I'_OLJt [1 ]_i_].
r_out[0]_i 1 o
o Tocno 1 10 O=I0&Y1 + 10 &1
0|1 o 0 0
1 [4]
0 1 1
MNets  Cell Pins Truth Table 1 1 0




Example Implementation Result

v IMPLEMENTATION

P Run Implementation

~ Open Implemented Design

Constraints Wizard

Edit Timing Constraints

@epm‘t Timing Summ@

Report Clock Metwaorks

Report Clock Interaction

Report Methodology

Report DRC
Report Moise
Report Utilization

& Report Power

al

Schematic

(Q =4 o, m

MName Slack !
| Path1 | 6.674
Path 2 5,694
Path 3 8.156
Path 4 8172

Levels
1

1
1
1

41 Design Timing Summary
]

Setup

Worst Megative Slack I{WNS]I:

Total Negative Slack (TMS):

click here oid

Mumber of Failing Endpoints: 0O

Total Mumber of Endpoints: 4

0,000 ns

r_out_reg[1]
r——=pC
I = CE
o do @
- s
i FDRE
i r_out_reg[2] rout[2] i 1
1 - 10
e C 1 o
- CE ok - 1.
b LUT3
- R
FDRE
Waorst Hold Slack (WHS): 0.465 ns
Total Hold Slack (THS): 0.000 ns

Mumber of Failing Endpoints: 0

Total Mumber of Endpoints: 4

All user specified timing constraints are met.

Intra-Clock Paths - sys_clk - Setup

Routes
1

1
1
1

High Fanout
4

4
4
!

From

r_out_reg[l]/C
r_out_reg[l]/C
r_out_reg[l]/C
r_out_reg[O]/C

To

r_out_reg[2]/D
r_out_reg[31/D
r_out_reg[l]/D
r_out_reg[0]/D

Total Delay
3,290

3.316
l.884
l.822
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Logic Celay Met Delay Reguirement

0.718 2,572
0.744 2,572
0.748 1.138
0.580 1.242

10.0
10.0
10.0
10.0
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Example Implementation Result

IMPLEMENTED DESIGN - xc7a35ticsg324-1L

?

* Project Summary Window |

» | Project Summary x« Device x code057.v  x Schematic
1]
. . . (=]
Y Th d f l 1‘ 5 Overview | Dashboard
is window is useful to ashboar
heck the synthesis and
yn n B Synthesis
impl ' | E
'mp emenTGT|0n r.esu T GT = Status: +/ Complete
I Messages: 142 warnings
a 9 Gnce. a Active run: synth_1
S Par xC7a35ticsg324-1L
o
nﬁj Strategy: Vivado Synthesis Defaults
£ Report Strategy: Vivado Synthesis Default Reports
& Incremental synthesis: MNone
DRC Violations
summary: 1 warning
Implemented DRC Report
Utilization Post-Synthesis | Post-Implementation
Graph | Table
Resource Utilization Available Utilization %
LUT 2 20800 0.01
FF 4 41600 0.01
10 5 210 2,38
BUFG 1 32 313
<

Implementation

Status:

Messages:

Active run:

Part:

Strategy:

Report Strategy:
Incremental implementation:

Timing

Worst Negative Slack (WNS):
Total Negative Slack (TMS):
Number of Failing Endpoints:
Total Number of Endpoints:
Implemented Timing Report

Power

Total On-Chip Power:
Junction Temperature:
Thermal Margin:

Effective 8JA:

Summary | Rout

+/ Complete
No errors or warnings
impl_1
®c7a35ticsg324-1L
Vivado Implementation Def
Vivado Implementation Def
MNone

Setup | Hold | Fuls

6.674 ns
0ns

0

4

Summary |

0.074 W
25.4°C

74,6 °C (15,5 W)
4.8 *C/W

Power supplied to off-chip devices: O0W

Confidence level:

Implemented Power Report

Medium
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Distributed RAM ELTHEIFATES LUT
I G T e ——— ——
« Reconfigurable Logic
« 3-input LUT has 8 configuration registers
« 6-input LUT for Artix-7 FPGA

?g

cin AB
~ A5 A5
0 Ad Ad
Truth table 3'/ A3 YIS 5| UT
. A2
ab cin s cin Al
000 0 [T}— f],
201 1 1
1
210 1 [e] . b 5
11 0 :1” TS
100 1 [1}—o y
101 %) [e] . °
110 0 tin .
111 1 . .
[e]—) 6-input LUT for Artix-7 FPGA
%
|

ﬁ” 3-input LUT structure cin b 3
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Slice, SLICEL and SLICEM

Approximately two-thirds of the slices are SLICEL logic slices and the rest are SLICEM, which can also use
their LUTs as distributed 64-bit RAM (LUTRAM) or as 32-bit shift registers (SRL32) or as two SRL16s.

SLICEM A —_— SLICEL . A ]
o ee SR 97 oo ee Y Pess e
7| o A
OFFLAT
1 \ I~ DX DMUX
e S —
T D L — 0w D6t C>—| AsAd T_}D | )
D& O—¢ AB:A1 {; =
[ T e ° & - =N 2L
g T 1~ O FFALAT D Anmo @ [F=ra
i = o Ghmp @200 asam | — o
ot b—
e s asAH —]ce S5R0 He asmo R
] __D- 0 oSALO ek —{CE oiNmo
=S e S o = o ~ |
LU T EP - e s 1\ I X ) rh_|1 : P
x> T J N > emux C8t CD—| Ag:At - ’—‘g‘F}D F,
o8t Co—H Aem m > o8 | oy Do
wew " 1 1 oFFALAT
[; oc os T oiNT1 g pcn
g : I 1 ™ O FFALAT S— — b
ek DIt o glﬁ:ﬁ:} a-oca —_D_D as )| T a8
L e o "o o SR
WEN MC31 [—— — —_D_ o Sssgfé. ek GZ:LO LUT . EE u|:;m Q
o= —{e= Gimiro OL | T I~
I o e WL i= =
B [ am L o BMuUx Bé&:1 D—m ™ s J
B86:1 [O—{ AB:A1 1 'l__)D _E -
1 o N
. N .
l : BX] emm |l -ea e 1st First output
. : oSt = 5. INPUT of 5-input 2-output LUT
pp— | i EE OSALO 0 T = 06 or
_<D— o osalo sA T LUT The only output
—]cE omrmo QL 2 é of the B-input 1-output LUT
¢ _sm
Ay T I~ =N} Lo =
:[ - £ AMUX s 14 —= Ind 4 Second output
| > — 15 L S.INPUT — > 05 of
E/ oA LUT 5-input 2-output LUT
) 1 1 \I o FFLAT -
AX o Sime O[T
b cE OSAMI
L J oK Uz:LG
SR - - . - .
o D D == Fig. 3. Choice between l-output 6-input LUT and 2-output S-input LUT in
) “*C Xilinx FPGA devices.
[ L CK n
WEN
WE . .
e voerec2 2 visso On Area-Efficient Implementation of Data Delays
Figure 2-3: Diagram of SLICEM in 7 Series Xilinx FPGAs
Marek Parfieniuk Sang Yoon Park
Department of Digital Media and Computer Graphics Department of Electronic

¢ and MPEES-ARC
Bialystok University of Technology Myongis ty

Wicjska 45A, 15-351 Bialystok, Poland Yongin 449728, Korea
Email: m.parfieniuk(@pb.edu.pl Email: syparki@miu.ac kr
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Distributed RAM (43EXAEY))

RAMB4X1S
: | Table 2-3: Distributed RAM Configuration
[ (l) 0 SPRAM64 : o RAM Description Primitive Number of LUTs
D } = D1 06 1 ' OUTpUt .
I I L Redistored 32x1S Single port RAM32X1S 1
: egistere
Al5:0] } 6 (OI6:] ])6— Al6:1] : D Q— Outgput 32x1D Dual port RAM32X1D 2
WELK e gﬂ?” : b (Optional) 32x2Q Quad port RAM32M 4
WE || (WE/CE) | ve | 32 x 6SDP Simple dual port RAM32M 4
|
| : 64 x 1S Single port RAM64X1S 1
IL ! 64 x 1D Dual port RAM64X1D 2
_______________ UG474_c2 07_101210
64 x1Q Quad port RAM64M 4
Figure 2-8: 64 X 1 Single Port Distributed RAM (RAM64X1S) 64 x 3SDP Simple dual port RAM6AM 4
128 x 15 Single port RAM128X1S 2
module m_RAM64X1S (clk, a, d, we, dout); gep
input wir\e [5:@] a; // addr\ess 256 x 15 Single port RAM256X1S 4

input wire d, we;
output wire dout;

// data_in, write_enable
// data_out

reg [0:0] mem [0:63];

assign dout = mem[a];

always @(posedge clk) if(we) mem[a] <= d;
endmodule

LUTRAM = 1

Single port

Common address port for synchronous writes and asynchronous reads

- Read and write addresses share the same address bus

CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH




Distributed RAM (7 8IAE"))
Dy,

RAM32M
;' ____________________ T
| o) 0 DPRAM32 :
e ] R
DI51].5 I
ADDRD{[4:0] : o[ Ale:1] |
| WA[6:1] |
WCLK —4 “i::) CLK 05 4:-— DOD[1]
WED : WE) lwe |
|
i |
: 0 DPRAM32 I
1 DIt 06 —:—» DOC[0]
| I b |
ADDRCI[4:0] —! S A1) |
| el WA[B:1] |
| ~| CLK 05 —,——I DOC
I - WE | 1
: |
| |
| 0 DPRAM32 :
: DI 06 —:—- DOB[0]
| : DI2
ADDRBI[4:0] — B511.50) af6:1] :
I el ware:1) |
: CLK 05 ——+— DOoB[1]
| WE :
: |
| |
| 0 DPRAM32 :
: DH 06 [ DOA[0]
- DI2 I
ADDRA[4:0]— ABAL5,) ajge1) |
| 2| WA[B:1] |
| CLK 05— DOA[1]
! WE |
|
| |
b |
UG474_c2 06 070914
Figure 2-6: 32 X 2 Quad Port Distributed RAM (RAM32M)
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J— pan .
Table 2-3: Distributed RAM Configuration
RAM Description Primitive Number of LUTs
32x1S Single port RAM32X1S 1
32x1D Dual port RAM32X1D 2
32x20Q Quad port RAM32M 4
32 x 6SDP Simple dual port RAM32M 4
64 x 1S Single port RAM64X1S 1
64 x 1D Dual port RAMG64X1D 2
64 x10Q Quad port RAM64M 4
64 x 35DP Simple dual port RAM64M 4
128 x 1S Single port RAM128X1S 2
128 x 1D Dual port RAMI128X1D 4
256 x 1S Single port RAM256X1S 4

* Quad port

Three ports for asynchronous reads

One port for synchronous writes and asynchronous reads




Distributed RAM (3 EXATEY)

DID[1]
DID[0]
ADDRD[4:0]

WCLK
WED

ADDRCI4:0]

ADDRB[4:0]

ADDRA[4:0]

RAM32M
I'_____________________I
: o) o0 DPRAM32 I
I
i 06
| (AX/BX/CX/DX) g:; I DOD(0]
! DI5:1].5 '
| O A[6:1] I
. I
" WA[6:1
i {f;:] CLK 05 : DOD[1]
1 . WE) | we I
: I
| I
I
: 0 DPRAM32 |
I
: Bg 06 [———* DOC[0]
1].5 I
l Cls lg— Al6:1] |
| WA[B:1] I
I
I CLK o5 —= DOC[1]
I : - WE |
: I
| I
I
I 0 DPRAM32 I
: oI 06 }—= DOBI0]
I
I _ DI2
i Bﬁj]: Al6:1] :
| WA[6:1] |
: » ~| CLK 05 |——+—= DOB[1]
I WE :
: I
| I
I 0 DPRAM32 :
: = DI 06 —1—* DOA[0]
DI2 I
| A[5:1
" 5 ]: Al6:1] :
I 2| WA[6:1] |
I = CLK 05 — DOA[1]
: e {wE I
| I
. I
UG4T4 6

module m_RAM32M Q (clk, al, a2, a3, a4, d, we, doutl, dout2, dout3, dout4);
input wire clk;
input wire [4:0] al, a2, a3, a4;
input wire [1:0] d;
input wire we;
output wire [1:0] doutl, dout2, dout3, dout4;

reg [1:0] mem [0:31];

assign doutl = mem[al];
assign dout2 = mem[a2];
assign dout3 = mem[a3];
assign dout4 = mem[a4];

always @(posedge clk) if(we) mem[al] <= d;
endmodule

Faled Rostes LUT FF BRAM URAM DSP

4 0 00 o 0

o| 4/ o o0 0 0
LUTRAM = 4
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Register file design of RISC-V soft processors

32x32 (32regs-32bit) single port register file

module m RegFile S (clk, a, d, we, dout);
input wire clk;
input wire [4:0] a;
input wire [31:0] d;
input wire we;
output wire [31:0] dout;

reg [31:0] mem [0:31];

assign dout = mem[a];

always @(posedge clk) if(we) mem[a] <= d;
endmodule

32x32 (32regs-32bit) dual port register file

LUTRAM = 32

module m_RegFile D (clk, al, a2, d, we, doutl, dout2);

input wire clk;

input wire [4:0] al, a2;

input wire [31:0] d;

input wire we;

output wire [31:0] doutl, dout2;

reg [31:0] mem [0:31];

assign doutl = mem[al];

assign dout2 = mem[a2];

always @(posedge clk) if(we) mem[al] <= d;
endmodule

Resource Utihzation Available Utilization %
LUT 32 63400
LUTRAM 32 19000
10 108 210
BUFG 1 32
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BRAM (Block RAM
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https://www.acri.c.titech.ac.jp/wordpress/archives/10236
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Configuration bitstream

\
 Bit vector of all configuration registers. \
* Program FPGA using a configuration chain of shift register like hardware.
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Artix-7 Architecture Overview

« CLB (Configurable Logic Block)

« BRAM (Block RAM, embedded memory)
« DSP (Digital Signal Processing)

« CMT (Clock Management Tile)

« Routing fabric
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