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Outline

JConclusion
INext Step
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What we have learned N
: _— A | ey
JBasic Building Blocks e, EE7SE]
-Combinational logic g -
‘Registers e
SSRB DOPBIpg—1:0]
°Mem0ry ADDRB[;TS —> DOB[Wa—10]
DIB[wg—1:0] _
Construct VLSI Systems DIPB[30] o

Register
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clk F ]
What, How, When
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What we have learned

Memory

JAssign.1

*Sequence Detector
JAssign.2

*Keyboard controller
JAssign.3

*ALU
JAssign.4&5

*“Micro Processor”
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VLSI ‘Laws’

Working hardware that meets
the design requirement
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Suggestion 1 — Design Flow

| Specification dUnderstand the requirement

*Functionality & performance
*Time to deadline

M = mod(X,Y) returns X - n.*Y, where n

( = floor(X./Y)
R =rem(X,Y) returns X - n.*Y, wheren =
fix(X./Y)

BLACK i
FRIDAY e o

Rem(-100,3)=-1
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Suggestion 1 — Design Flow

Specification dUnderstand the requirement
*Functionality & performance
IDraw a block diagram

Block Diagram

clk 1 l rst

N\
kb clk kb_data_sync
— ] Sync_keyboard ,
—_— valid scan code
kb_dat P < |_, >
_data kb sync e Cermmas _| Keyboard Controller
L J L 4 -
| scan_code
Edge Detector -
edge found Y
Convert to
binary
A J
Seven Segement
driver
\_ /
o
Se:_E‘II" SC ¥ 4 nunmn
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Suggestion 1 — Design Flow

Specification dUnderstand the requirement

Block Diagram | *Functionality &_ performance
IDraw a block diagram
Timing Diagram ‘ dUnderstand the timing
ck | -
state S0 ) 1 I
y —
2 reg ( 2 )
r1_next 3 X 5
r1_reg 3 \E

(¢) Timing diagram
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Suggestion 1 — Design Flow

Specification
Block Diagram
Timing Diagram

VHDL Coding

Implementation

JUnderstand the requirement
*Functionality & performance

IDraw a block diagram

dUnderstand the timing

JVHDL is only a way to ask for
component

dImplement your design
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Suggestion 2 — Verification

1 Verification is strictly required at each design stage

- Verify as much as possible, especially at early stage
-Simulate before implementation
-Verify blocks before integration

of fixing a bug grows

The cost ially with the stage!!!

exponent
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Suggestion 3 — Debug

JdThere MUST be an error!
*Small & simple
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Suggestion 3 — Debug

JThere MUST be an error
*Small & simple
Locate the error
*Divide and conquer

circuit
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Suggestion 3 — Debug

JThere MUST be an error
*Small & simple
Locate the error
*Divide and conguer
*Error isolation
*Trace back
*Special stimuli
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Suggestion 4 — Synthesizable VHDL

JRTL simulation pass # implementation success
Typical un-controllable codes

Latches
‘Mixed reg. with comb. process (a,b)
: begin
~“wait” & “after” o<=c+a+b :
-Division... end process;

*Loop & variable

>

Clock
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Suggestion 5 — Hierarchical Design

JHierarchical design
‘Divided-and-conquer strategy
Divide a system into smaller parts
*Constructs each module independently
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Suggestion 6 — Optimize at early stage

I T

Speed 200MHz 80MHz 20MHz

Area (Slice) 75 190 310
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Suggestion 6 — Optimize at early stage

Algorithm
Architecture
Function Block

Implementation

x mod n = x - n ‘floor (x/n)

(x >> 6) + (x
(x >> 4) + (x
(x >> 2) + (x
(x >> 2) + (x

-

if (x == 3) x = 0;

& 0x3f) ;
& Oxf) ;
& 0x3);
& 0x3);

8-bit Multiplier 37
8-bit Adder 4

70
8
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Suggestion 7 — Designh Management

JFolder
*Project_name (A3_ALU)
Algorithm, RTL, Sim, Synthesis, P&R...
-Synthesis: Netlist, Script, Report, Readme.txt...
File Name
-“stage design”
*Design module or entity (“m_alu” or “ent_alu”)
*Test bench (“tb_alu”)
Signal Name
“direction_function_feature”
*Pos-edge clock (i_clk p)
Active low reset (i_rst_n)
JComments
*At least 30% of the codes
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Suggestion 8 — Practice makes perfect

acceleration

Slow beginning
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Suggestion 9 — Resource finding

o2

Rakesh Mojtaba
Gangarajaiah Mahdavi

http://www.eit.Ilth.se/course/eitf35

GO Sle fast modulo 3

Web Images Videos Maps MNews Mare = Search tools

About 4,090,000 results (0.37 seconds)

Fast modulo 3 or division algorithm? - Stack Overflow
stackoverflow.com/questions/.../fast-modulo-3-or-division-algorithm -

MNov 8, 2009 - is there a fast algorithm, similar to power of 2, which can be used with ... 4
% 3==1,sodk*a+b)%3I==(a+b)%3 Youcanusethis factto ...

Steffen Siyu
Jones on modulus without division - University of lowa Malkows ky Tan

homepage.cs.viowa.edu/~jones/bcd/mod. shtml -
Jump to Mersine Mumbers: Mod 3, Mod 7, Mod (2i — 1) - That is, a mod 3 can be
computed from the .. There is a well known trick for fast ...
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Suggestion 10 — Team work

21 Lund University / EITF35/ Liang Liu 2016



Course evaluation: ECQ
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Outline

4
INext Step
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This Course

TA assistant will be reduced at the suggested
deadline of project 4

INeed self problem-solving capability for project 5
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Digital Path

EITN35
IC-Project,
EITE35 Digital
Introduction
to Structured
VLSI Design
EITN45 Master
DSP Design Thesis
EITN20
Digital IC
Design
EITF20
Computer
Architecture
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The team — Digital Asic Group

Assoc. Prof. Assoc. Prof. Assoc. Prof.
Erik Joachim Liang
Larsson Rodrigues Liu

Y ,

Y /
Ph.D. Stud. Ph.D. Stud. Ph.D. Stud.

Ph.D. Stud.
Mojtaba Farrokh Rakesh Yangxurui Steffen
Mahdavi Ghani Zadegan Gangarajaiah Liu Malkowsky

Ph.D. Stud. Ph.D. Stud. Ph.D. Stud. Ph.D. Stud.
Babak Hemanth Dimitar Michal
Mohammadi Prabhu Nikolov Stala
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Digital Asic Group — Projects, massive MIMO
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Digital Asic Group — project

IDARE: Digital Assistant Radio Evolution

® Everything now is digitalized
® Analog interface is still needed
® We are trying to digitalize the interface as much as possible

16-bit ADC 185%
10-bit ADC 50%
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Digital Asic Group — Projects, beyond 5G
Coordination in Distributed Multi-User High-

Performance Dense Networks
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Target of proposed research
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Digital Asic Group - Projects
dinternet of Things: ultra-low power processor

iSmart Window

> Ultra-low
power
- »Energy
harvey
Lfint Swich
T
Doar magnet sa o e s 3.5" Master pane!

Home Sever
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Digital Asic Group - Projects
JAutonomous Systems, indoor localization

e,

http://www.automotive-fleet.com/video/detail/2016/09/volvo-
produces-first-drive-me-project-car.aspx?refresh=true
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Digital Asic Group - Projects
IDigitizing system for Physics

Division of Chemical Physics Atomic Phyvsics

LUND UNIWERSITY

EUROPEAN
SPALLATION
SOURCE

FACULTY OF ENGINEERING, LTH

Particle Physics Nuclear Physics
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Possible master thesis

AXIS a

COMMUNICATIONS

Stefan.Lundberg@axis.com

ERICSSON

charlotte.skold@ericsson.com

Start-Ups
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Good Luck |
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