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module libraries and the cell libraries. In
this framework, designers specify the
system parameters and use the module
generators to generate the C++ function
C++ Smulating code and gate-level Verilog
code used for physical design. The
design flow achieves high-level
abstraction and high reusability, short
design time, and less prone to human
_ errors. In the first year we focused on the
Verilog design and verification of the cell
libraries using TSMC 0.6/0.35mm
technologies. Moreover, we proposed a
C++ parametric module class, and use
the class to design several simple
TSMC 0.6 0.35mm modules. In the second year we try to
design more modules, provide module
with a variety of architectures, refine the
hardware data classes to increase the
efficiency of function simulation, and
dightly modify the design framework.
C++ On the other hand, we integrate the
module libraries into conventional
C/C++ window-based programming
environments to provide a friendly user

interface and better class encapsulation.

C++

C++

C++
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The main objective of the project is
to developing a parametric module
design framework that is suitable for
designing the  baseband  signa
processing/datapath units. The
framework is composed of C++
hardware related data classes, parametric
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Baugh-Wooley/Booth (radix-4) Tree
Multiplier

Serial-Paralel Multiplier
Constant/Variable Coefficient Filter
(Direct/Transposed Form)
Synchronous  Programmable  Up-
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Specification

-------- -C++ parametric module
design framework
: Algorithm design H

Hardware/Software partitioning
Architecture design

8>

Parametric| | Dump Function | :
module netlist simulation| :
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Floor I:>Place & Timing
planning Route verification
Custom design Layout
Analog design verification
Hard IP

--------------------- Back-end Design

() ASIC C++

m generic hardware-oriented
data class

m used for bit addressing
and wire concatenation
m generic net type class

storage class used
as internal nets

constarnt vector

pointer class used
as I/70 port variable

handle the not-
connected case

()

Regs Ar(7,0), Ai(7,0), Br(7,0), Bi(7,0), / inputs
Cr(16,0), Ci(16,0), // outputs
x1(8,0), x2(8,0), x3(8,0), / internal nets
y1(16,0), y2(16,0), y3(16,0);

CSelAdder add1 (NC,x1,Ar Ai,Logic0);
CSelSubtractor sub1 (NC,x2,Ar Ai,Logic0),
sub2 (NC,x3,Br,Bi,Logic0);
BaughWooleyMUL mul1 (y1,x1,Bi),
mul2 (y2,x2,Br),
mul3 (y3,x3,Ai);
CSelAdder add2 (NC,Ci,y1,y3,Logic0),
add3 (NC,Cr,y2,y3,Logic0); (Cr+jCp=
(Ap+jA)x(Br+jB)

—I Structural description of the complex multiplier l—

() (C++)

struct <Module_ClassName> <Module_ClassName> TestModule;
{
<Net_Type> <Net_Name>; {
<Module_Type> <Submodule_Name>; || TastModule.Clear O;

void main ()

. Il Assign values of the constant nets
<Module_ClassName> (); // Constructor
for (;;) // Simulation loop
void Evaluate (); {

i1 Ap
i1 Ap

void Update_<1st CLK>(); inputs

st vectors to the module

void Update_<Nth_CLK> (); TestModule Evaluate ();
. TestModule.Update ();
void Clear_<1st_RESET> (); 7 t
void Clear_<Nth_RESET> (); }
b }
Class definition Main simulation routine
() C++

Apply input vectors Sam;n)i;é ’ Timing fi
ing frequency
to baseband Tx. frequency fg discrepancy 800ppm
Module #1 Module #2
Evaluate(.) Evaluate(.) Evaluate(.)

Baseband Ch.

Evaluate(.)
Baseband Rx.
Module #1 Module #2
B“S;Zﬁ;?j(_}x- Update() | | Update() Evaluate(.)
Baseband Ch. Baseband Rx.
Update(.)

Update(.)
System simulation loop s

()
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a
—e—= Submodule
b Submodule | f
#1

Submodule #1 : f=max {e,c} +1
Submodule #2 : d =e = max {a,b} +1

() (levelization process)

FarrowPPInterpolator8_7_8 Hash00000073000000b30 TestModule;
long i,WaveIN[1024],WaveOUT[1024] ,FreqIN[1024],FreqOUT[1024];

id main() 1R
void main
| / \ / w
for (i=0; i<1024; i++) J
WaveIN[i] = (long) floor( sin(i*0.5) * 32); L

TestModule.Inl = 100; // Fractional interval

TestModule.ClearIn3

i\ / \J
fot (i=0; i<1024; i++) Simulation loop 5 m 15 30

TestModule.In0 = WaveIN[i];
TestModule.Evaluate() ;

WaveOUT[i] = TestModule.Out0;
TestModule.UpdateIn2(); // Apply CLOCK signal]
1

Perform frequency-doma
FFT (FreqIN,WaveIN,1024);
FFT (FreqOUT,WaveOUT,1024) ;

\l Other functions written in C/C++ |

analysis

00200 300 400 S0 600 700 600 400 1000

Simulation result
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BCB component
palette

Fie Edit Seach ¥iew Project Run Component Datsboss Tools Help
B ¥=1 ‘ || @ | || Standard | Additional | Win32| Sustem | Intemet | Data Access

Drag and drop
Properties IEwml the hardware
B components to
- ime  |2.48630040939842E-8 - -
—que_CellAlga 2.163456E-7 design window
—GatelCs ik 2094 o
[ Name MICInterpolator_PP1
| PoitCLKName |CLK Object Luspecton ]
PortRSTName |AST CLK: TMICRegs
| PomUName U oo nies]
—PortUiwidth = Events |
| Porechlame __IX Name  [CLK
T Swid 4 Tag 1]
PotfName | ¥ [widn 10
F—Potrwidh 6
Tag o
—"wireLength 0.000486826504584102

BCB object inspector I

Module parameters I

() BCB

[y Parameter estimation | Alter Design
‘Module sub-siructire Stuctulenties | Damdependency | | CUrrent module
- B, Curent module information information
ot2 [Instance name : interpolator]
g{cj [Class name : FarrowPPInterpolator_7_8_Hash00000073000000530
d Module type : compound module
©fd5 u [Port count : 4 input(s), 1 output(s)
= @& csal3(%1) |Gate count : 6265
Dfaddl4 Ilo port K
e L specification 4
| Sfddi6 T/0 port specifications
1 & fadd19 I i TWidth [Connection =]
- 0 Oy
Display module Tk 4 0 5 %
hierarchy T T A A Submodule
structure s type information
+ & Wk (%13)
= & mull0 (%13) Synchronizer 3 2
Snand2157 Synchronizer 3 2 DFFx8
Siand2164 Synchronizer 2 DFFx8
Sand2163 Compound 3 2 CSAB_Hash000000B1000000c20
= dmg 162 Compound 2 W TAGIn20ut Hash00000253000003
B Compound 2 W TAGIn20utHash000002C600000ez
e Compound 2 W TA12In20utHash00000b5500000«
e Compound 2 BaughWooleyMULIS 8 18
I h;?ta‘luf(ﬂﬁ) Compound 7 BaughWooleyMUL18_6_18_]
e il /%1“; Compound 2 D BaughWooleyMULL
" & mul? (%20) Compound 2 2 BaughWooleyMUL
# @& mulg (%20)
Sampled Fradtiona = mmme [T
EY Parameter estimation | Alter Design | Netlist check
'Module sub-structure Structural entries | Data dependency ~ Static Timing Analysis

Display options -
© Result of all nodes « Arrival time; decending
 Grouped by sub-modules © Nyrival time; accending
« Grouped by vector wires

Sorting options

© SNk time; decending

]

Timing

= Show critical ath only. s
19 schdule list items found. i
Ot delay :( 24.2015 , 2763 ) Show signal
arrival time in
descending
ysis result order

wial2

Submodules on

Resamp/ed Yy critical path

C )

Sub-module name _{Max. arrival timi s

cumulative path
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th
¢ to each submodule

void main ()
(

A (53,0), B (53,0), Z (107,0);
BaughWooIeyMUL TestCkt (Z,A,B);

FILE “Fptr=NULL;
if ((Fptr = fopen("mul54x54.v”,"w”))!=NULL)
¢
TestCkt.DeclareAllVerilogl Fptr);
fclose(Fptr);

}
}

BaughWooleyMUL54_54_108_Hash000016
[107:0] out0;
[53:0] 1In0,Inl; |

module
output
input

[ mmmmmmommmmemmoooe 7% | =

larger|
[
1 28366 {
: 2644.57 um f
: 6.99378 mm*2 —

// Total gate count
// Average wire length

Layout design

——>Core size:

Process:  TSMC 0.6n 1P3M
6.5 mm?

// Estimated layout size

// corecell size 1 2.91629 mm"2

—ﬂ. it— Clock cycle

// Routing area percentage : 58.30 p o e 20ns
// Max. delay : 22.986 ns —— me:’x.lpath 1
endmodule  I'Estimated parameters el
Traditional Synopsis C-to-RTL design Proposed
design flow  |Module Compiler| framework [2][3] |design framework
Abstraction low high high high
Design C/C++ and HDL MCL CiC++ C++
behavior . .
Modeling data-flow behavior behavior structural
structural data-flow data-flow
Required tools for . C#++ compiler
ior simulation) C/C++ Mggt':ig%'l‘;ggrer C-RTL translator C++ compiler
and netlisting logic
: beh. simulation
Functions . behavior behavior netlisting
encapsulated in simulation N/A i i m. estimati
C/C++ modules (more...)
model le-based and t-diri cycle-based cycle-based
event driven
Design reusability low high high high
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