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ABSTRACT

This project co-operative with Silicon Craft Technology to study about Elliptic Curve
Cryptography that design and implement in hardware in this project use arithmetic in finite
field P192 and focus on point multiplication in elliptic curve that is basic in elliptic curve
and can use to do many thing in cryptography. Point multiplication in this project started
form input scalar value and sent enable signal to start process then output is multiplication

between scalar value and base point in elliptic curve that shown in vector.
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1ng Private key Uag Public key agimnuigitesiuilasnnlunisasnnguagay

19N T2UIUNINNANAAEANSES 19U 1Y the Integer-Factorization Problem (IFP),

the Discrete Logarithm Problem (DLP) %30 Elliptic Curve Discrete Logarithm Problem
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msiheanaamiistangldiduprivate Key (d) angasiu 9aisuduuunsawEliptic Curve(P) ag
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Q = Public key
d = Private key

P- Starting point
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2.2.1 AuNA1Ne (Finite Field)
S : a ° aAao W 9 = o e 5
Finite field A9 WAUDIIIUIUNTINTR wnumie F Fednuiunielu Finite filed
9zgni3undn order & Finite field ( F) ddwauann@in (order ) whiu p™ 1le p Juduau

a 1 S v 1 [ I3 1 = [ a J = X
WNITISENIT characteristic V99F WagnIm LWUUIURNLINAIINUTBLINY 1 15811 dimension

[

Tneidla field gnudewin Fpm wie GF(p™) sgmnenuitsil
01 m = 1 92nuede Prime field
- =2 s .
Wo m > 1 eunueny Extension field

WAAT p = 2 Wag m > 1 9wsuned Binary field

Finite Fields |

B Pt

Extension Fields l P=2 | Binary Fields |

E'-'Qm i

A 2.5 TaseadnsvesFinite field

2.2.1.1 Prime field
Prime field Aa Finite field Aiflordendusiuiuante GF(p)

NSLUIUNTNNATINAENTVDIPTIMe ﬁeldﬁﬁaﬁ

Addition : (@ + b) mod p

Subtraction : (@ - by mod p

Multiplication : (@*b) mod p

Division : a&vzb mod p = @xb*) mod p

Inversion : @' mod p , (@xat)y mod p =1

P N o a - [ o
e p Ao IuNENIInUUfield iWuIULNE



2.2.2 Elliptic Curve Operation
fonsnsgvihwesgasenflaguuns elliptic curve flag 3 wuu fle n1suan
9a(Point Addition), N1sAuees(Point Doublinguazni13gaga(Point Multiplication)
2.2.2.1 nM5uInynUUPrime field (Point Addition)

mMsuaniuvesgauunNdulAunGaunsavihlalasnsanidun

'
S

aapsaiidinsnsUINiu Fearlufnndngnuudunsnantduagyiougaiumuinux Fuduga

Wunadns

Y

R=P+Q

A 4

AW 2.6 Point Addition

(%

A o aa Yy v o’ < 1 &
Lll@u’]')ﬁﬂ’ﬁ‘U'JﬂsUWQWUNWVHLUUﬂMﬂWT‘QS\L@ AU

Yo —Yp
) HALIP
XQ—xp
XRZAZ—XP—.X'Q

yr = A(xp — xg) — Yp

R A9 NAaANsNISUIN

P, Q Ao YAl NFBINITUIN



2.2.2.2 nM3paauUPrime field (Point Doubling)

N13AMABIVBIAUUAUNTINITNNT aansavilalagnisannidunsain

fugafidesnsaa Jsagludngndnauudunsvanntuagisuatuniuunux Fadugaiidu
NAANS
a
-
P
R=2P
v
A9 2.7 Point Doubling
A [ I
WeaWewluaunisagledn
3x5 +a
Vi = =
2yp
XRp = AZ = ZXP
yr = A(xp — Xg) — yp
HE

R f® HadWsN1IRnaed

P fie 90la7 NABINTTAMERY



2.2.2.3 n3auaa(Point Multiplication)
v ’0’ A ﬂl ¥ % 6 A
Humsuszgnalinisuinuasmsnaees F1luises itelvldnadndivieunisgulag

fivanei8msluniseautiu shift-add waz Montgomery Ladder fusiu

2.3 faudsiifeatasuuFinite field P192

Tumsesnuuuszuudsfaasdavesiudsmineades lagnimualilduinasgu

[

Welsianudnlafiaseiu FSlUECC AfinnsivuasiLuswiuiuy Ingazined

Domain Parameter Descriptions
Coefficients describing the elliptic curve.
The z coordinate of the base point P.
The y coordinate of the base point P.
The order of the base point P.
Prime field order.

WM o

w3

Domain Parameter Values

= —3

= 0Ox 64210519 ES59C80E7 OFA7EO9AB 72243049 FEBSDEEC C146B9B1
= Ox 188DASOE B0O3090F6 7CBF20EB 43A18800 FAFFOAFD 82FF1012
Ox 07192B95 FFC8DA78 631011ED 6B24CDDS5 73F977A1 1E794811
= Ox FFFFFFFF FFFFFFFF FFFFFFFF 99DEF836 146BC9B1 B4D22831
=  Ox FFFFFFFF FFFFFFFF F¥FFFFFF FFFEFFFE FFFFFFFE FFFFFEFF

U HW Mo
I

AWA 2.8 uansfLUsNiNeTaely P192
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k(scalar) 192 Bit
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Point Multiplication

Point
Doubling

Point
Addition

AT 3.1 NINTIUNITENUVDITLUY

3.1 N159DNUUVERU Finite field Arithmetic

al@sudyanaufinanszuuaziSuAMUIA M8IINAILIMEST

f10d DONE 9zuLdu High iteuaniteminnawin 192 Ia wieldauued

k*P 192 Bit

DONE

Tunseanuuudlui nisulanavuazmod aglddursasanSannaeluldswnsuilly

Ehumsqmﬂuaﬂ%’tﬂmwsshift — add 555U @unsinvertaglgion1se

v

D!

Algorithm A.3 Inversion in F, using the binary GCD algorithm.

Input: Prime p, ae [1p—1].

Output: a

! mod p.

1: w=@, v=7p.
20z =il = 0.
3: while u # 1 and v # 1 do

15:
16:
17
18:
19:

while u is even do
w2
if x, is even then
Zr—iry/ 2
else
1 = (1 +p)/2.
end if
end while
while v is even do
v=1v/2.
if z, is even then
Iy = .1‘2/2.
else
2 = (2 +p)/2.
end if
end while

A 3.2 N3 invert Tagld binary GCD
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uand v
=9
N - Y v N )
even even Yo
Y Y Y
V=v-u
=u/2 = i
Ly e x1 =x1-x2
&>
Y Y
x1= - 2= |
| (x1+p)/2 e e (x2+p)/2

| l

mwﬁ 3.3 Flow Chart n1% Invert

3.2 N1599NKUVEUPoINt Addition wag Point Doubling

1NEUNITNITUIN LLasmigmaaﬂuwﬁmum ﬁ’llﬁLS’Wﬁ’]@J’liﬂ@@ﬂLLUULﬂﬂ’)\‘ﬁ]'ﬂﬁ

Togludniazsuamnanns invert iinngludiuilagiifienasuin Moduagan 39gld993

AULIEIYALAINEAATUINYDIINATAY AT 995U

Q.x—l
P.x (*) %p ()
Q.y—l l
- > MUL_DONE ™~ y_square
; ———s |
; \} |: SQUARE_STATE
Y | | it
A I MUL_DONE _ 1 l
state SHF_ADD i) s —{(- > Ry
1—"\_, | =t
IV—— N MUL2_STATE %
y ]
} MUL1_STATE
W —
[—
ke MUL_DONE et
,,,,,, y
£
Px —{. =

X3

mwﬁ 3.4 1995Point Addition
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state Jj
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3.3 N1998NLLUY Point Multiplication
Tumseenuuudiunispagn dudenlfduisnisMontgomery Laddeniloannidu
FBnsnluynsevagyiuvileuiufe Doubling Way Addition vinlvidiaudasndereudigs lag

M3vuYesisn1sMontgomery Ladderagifusail

Montgomery Ladder algorithm

Input:scalar k— (k; 1, ..., Ig)>
Output: 9=k X P

1:-0—0 R=P

2: fori=t-1downto Odo
3 if k; =1 then

4: Q=0+R
5: R—=2R

6: else

7 R=R+0Q
8: =20

9: end if
10: end for
11: return Q

AN 3.7 LAAINISYINIUTOIMontgomery Ladder

Wouismsilulgaglangasaad

~ Point multiplication

Dout «— result |[«— Q INV < R
A A
A
DOUBLING_POINT
AND <<
ADDITION_POINT
|
A\ 4
— CONTROL e
DONE < J A A
k
EN

A i 3.8 2995Point Multiplication
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2935Addition and Doubling

module AD FOINT #¢

0

b

2 =37

3 = 192

4 )

S =] ( input CLK,

& input RSTn,

9 input  ADD_EN,

8 input DOUB_EN,

5

10 output ADD_DONE,

i output DOUB_DONE,

1z 7/ R=D+Q

13 input [NUM_BIT-1 : 01Px,

1g input [NUM_BIT-1 : 0]Py,

15 input [NUM_BIT-1 : 01Qx,

16 input [NUM_BIT-1 : 01Qy,

17 input [NUM_BIT-1 : 0]INV,

18

L9 output [NUM _BIT-1 : C]Rx,

20 output [NUM_BIT-1 : O]Ry

Z1 o )i

22

23 localparam

24 localparam

25 localparam

26 localparam

27

28 localparam

z9 localparam

30 localparam

31 localparam

3z localparam

33

34 localparam RDONE_STATE

35 localparam DDONE_STATE

36 localparam AW_STATE

37 localparam DW_STATE

38 localparam STATE BIT

33

40 reg [STATE_BIT-1 : Olstate;

41 wire  MUL_DONE;

42 wire [NUM_BIT-1 : 0] DOUT_MUL;

43 f1ICAL + —

44 reg [NUX_BIT-1 sql;

45 reg [NUM_BIT-1 sq2;

46 reg [NUM_BIT-1 : 0] mull ;

47 reg [NUM_BIT-1 : 0] mul2 ;

48 reg [NUM_BIT-1 : 0] mul3 ;

49 reg [NU_BIT-1 : 0] resultx ;

50 reg [NUM_BIT-1 : 0] resulty ;

51

52

53 wire [NUM_BIT-1 : 0] tl = INV; /// inv(Xq - Xp)
54

55 wire [NUM_BIT : 0] px2 = i

56 wire [NU¥ _BIT-1 : 0] t2 = (px2 2 p); ///

57

58 wire [NUM_BIT 0] alm = Qx + Px;

55 wire [NU¥_BIT-1 0] Dal = mull + a;

&0 wire [NUX_BIT-1 : 0] al = alm % p;////Qx + Px

61

2 wire [NUM_BIT-1 : C] mll= (ADD_EN && DOUB_EN ? Qv: sq2;
€3 wire [NUM_BIT-1 : (] ml2= (ADD_EN && DOUB_EN == 0) ? Py: t2;
64 wire [NU_BIT-1 : 0] ml = (mll >= ml2) ? (mll - mi2): p - (ml2 - mll); /// Rx in DOUB
€5

& wire [NUM_BIT-1 0] m31= (ADD_EN && DOUB_EN == 0) ? sql: mul3;
&7 wire [NUM_BIT-1 0] m32= (ADD_EN && DOUB_EN == 0) ? al: Py;
68 wire [NUM_BIT-1 : 0] m3 = (m31 >= m32) ? (m31 - m32) : p - (m32 - m31);/// lampda~2 - (Qx + Px) in add
€3

79 wire [NUM_BIT-1 (ADD_EN && DOUB_EN ;
71 wire [NUDM_BIT-1 (ADD_EN && DOUB_EN == 0) ? m3: mi;
72 wire [NUM_BIT-1 (m21 >= m22) ? (m21 - m22): p - (m22 - m21); ////Px - Rx in RDD Px-Rx
73

74 wire [NUM_BIT-1 : 0] m4l= mul2;

75 wire [NUM_BIT-1 : 0] m42= Py;

76 wire [NU¢_BIT-1 : 0] m4 = (mdl >= m42) ? (m4l - m42): p - (m42 - m4l); ////lampda*(Px - Rx) - Py in ADD
77

78 ///CONNECT SIGNAL TO MUL&ZINV

79

80 wire (state = AMUL1_STATE ) 2 1 : /// MULTIPLY
B1 (state ASQUARE_STATE) ? H

B2 (state AMUL2_STATE ) ? 1 :

B3 (state DMUL1_STATE ) /// ENABLE MULTIPLY
84 (state DMUL2_STATE ) :

85 (state = DSQUARE1_STATE ) 2 1 :

886 (state == DSQUAREZ STATE ) ? 1 :
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(state =— DMUL3_STATE ) 21 :0;
wire [NUM_BIT-1 0] DIN_MUL_RA = (state = AMUL1_STATE) 2 tl : //// DARTR R TO MUL
(state = ASQUARE_STATE) e i SBI S
(state = AMUL2_STATE) 2. mult s
(state = DSQUARE1l_ STATE) ? Px : //// DATA A TO MUL
(state = DMUL1_STATE) 2352
(state = DMUL2Z_STATE) 2sDatiss
(state = DSQUAREZ STATE) ? mul2 :
(state = DMUL3_STATE) ? mul2 :
0;
wire [NUM_BIT-1 : 0] DIN MUL B = (state = AMUL1_STATE) ? ml ://// DATR B TO MUL
(state = ASQUARE_STATE) 2 mull -
(state = AMULZ_STATE) ?2 m2 :
(state = DSQUARE1_ STATE) 2?2 Px :=//// DARTR B TO MUL
(state DMUL1_STRTE) ? sql : //// px _square*3
(state = DMULZ_STATE) 2l -
(state DSQUARE2_STRTE) 2. mal2 s
(state = DMUL3_STATE) 2 m2 :
0;
assign Rx = resultx;
assign Ry = resulty;
assign ADD DONE = (state = ADONE_STATE)? 1 : 0O;
assign DOUB_DONE = (state = DDONE_STATE)? 1 : 0O;
SHF_2DD mul ( .CLK (CLK) ,
.RSTn (RSTn) ,
_EN (MUL_EN) ,
A (DIN_MUL_2),
B (DIN_MUL_B),
C (DOUT_MUL) ,
_DONE  (MUL_DONE)
)i
always€ (p dge CLK or di RSTn)
begin
if (~RSTn)
state <= IDLE_STATE;
else begin
case(state)
IDLE_STATE s begin
if(ADD_EN = 1 && DOUB_EN = 0)
state <= AMUL1l_STRTE;
else if (DOUB_EN = 1 && RDD EN = 0)
state <= DSQUARE1l STRTE;
else
state <= state;
end
AMUL1_STATE b begin
if (MUL_DONE)
state <= ASQUARE STATE;
else
state <= state;
end
ASQUARE_STATE = begin
if (MUL_DONE)
state <= RMULZ_STRTE;
else
state <= state;
end
AMULZ_STATE < begin
if (MUL_DONE)
state <= AW_STATE;
else
state <= state;
end
AW_STATE = begin
state <= ADONE_STATE;
end
ADONE_STATE = begin
state <= IDLE_STATE;
end
DSQUARE1_ STATE 5 begin
if (MUL_DONE)
state <= DMUL1l_STATE;
else
state <= state;
end
DMUL1_STATE 5 begin
if (MUL_DONE)
state <= DMULZ_STATE;
else
state <= state;



PR ]

~

-1
R T R R

R e e o
0 Ommm DAl ]
WM RO WD

185
186
187

NORORR NN R
I
MO Wm0k W

LR

fESE VU S e BV SRR B B

MR R RN R NRNRMNRBMRMNNRNRMNRN

L3 W OO L3 (Y MR MMM MR N

MORM RN
Wl B b W LY W
B WM PO WD m i

Wb B
~] oy

MMM RN MR NN M
(OB R T (RS
WM RO WD

{1}
il

{1}

{i}

DSQUAREZ_STATE;

state;

DMUL3_STATE;

state;

DW_STATE;

state;

state <= DDONE_STATE;

end
DMULZ_STATE begin
if (MUL_DONE)
state <=
else
state <=
end
DSQUAREZ_STATE begin
if (MUL_DONE)
state <=
else
state <=
end
DMUL3_STATE begin
if (MUL_DONE)
state <=
else
state <=
end
DW_STATE begin
end
DDONZ_STATE begin
state <= IDLE_STATE;
end
default: state <= IDLE_STATE;
endcase
end
end
alwaysé ( d CLK or di RSTn) begin
if (~RSTn)
mll <= 0; /// y in RADD px_square*3
else begin

if(state = BAMUL1_STATE && MUL_DONE)
mull <= DOUT_MUL;
else if(state = DMUL1_STATE && MUL_DONE)
mull <= DOUT_MUL;
else begin
mall <= mull;

end
end
end

alwaysi (posedge CLK or negedge RSTn) begin

if(~RSTn)

sq2 <= 0;

else begin
if(state = DSQUAREZ_STATE && MUL_DONE)

sg2 <=

else begin
sqZ <= sg2;

end
end
end

DOUT_MUL;

//f y_square in RDD

always@ (posedge CLK or negedge RSTn) begin

if (~RSTn)

sqgl <= 0;
else begin
if (state = ASQUARE STATE && MUL_DONE)
sql <= DOUT_MUL;

/// y_square in BDD px_square in D

else if(state =— DSQUARE1 STATE && MUL_DONE)

sql <= DOUT_MUL;
else begin
sql <= sql;

end
end
end

alwaysE (posedge CLK or negedge RSTn) begin

if (~RSTn)

ml2 <= 0;

else begin
if(state = BRMULZ_STATE && MUL_DONE)

mul2 <= DOUT_MUL;

//// €5 in ADD y

else if(state = DMULZ2_STATE && MUL_DONE)

mulz <= DOUT_MUL;

else begin
ml2 <= mul2;
end
end
end
alwaysE (posedge CLK or negedge RSTn) begin
if (~RSTn)
ml3 <= 0;

else begin
if (state = DMUL3_STATE && MUL_DONE)
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mul3 <= DOUT_MUL;

else begin
v ml3 <= mil3;
end
end
end
always (posedge CLK or negedge RSTn) begin
if (~RSTn)
resultx <= 0;
else begin
if(ADD_EN = 1 && DOUB_EN == 0)
if(Qx = Px)
resultx <= 0;
else if(Py — 0 && Px = Q)
resultx <= @Qx;
else if(Qy =— 0 && Qx = 0)
resultx <= Px;
else begin
resultx <= m3;
end
else if(DOUB_EN = 1 && ADD_EN = ()
if(Py = 0)
resultx <= 0;
else begin
resultx <= ml;
end
else begin
resultx <= resultx;
end
end
end
alwaysg (posedge CLK or negedge RSTn) begin
if (~RSTn)
resulty <= 0;
else begin
if(ADD EN = 1 && DOUB_EN = 0)
if(Qx = Px)
resulty <= 0;
else if(Py = 0 && Px = 0)
resulty <= Qy;
else if(Qy =— 0 && Qx = 0)
resulty <= Py;
else begin
resulty <= m4;
end
else if(DOUB_EN = 1 && ADD EN = 0)
if(Py = 0)
resulty <= 0;
else begin
resulty <= m3;
end
else begin
resulty <= resulty;
end
end
end

endmodule
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2439 Inversion

1 [Emodule MUL_INV #(

2 parameter NOM_BIT =

3 parameter [151:0] p =

4 = )

5 =] (

& input CLK,

7 input RSTn,

8 input EN,

3 input [NUM BIT - 1 : 0] DIN,

1a output [NUM BIT -1 : 0] INV,

11 output DONE

1z = )i

13

12 localparam IDLE_STATE = 0;

15 localparam INIT_STATE =1;

ie localparam UX1_STATE =2;

17 localparam VXZ_STATE = 3;

13 localparam COMP_STATE = 4;

13 localparam RESULT_STATE ;

20 localparam DONE_STATE ;

21 localparam STATE_BIT = 3;

22 % /77 P+Q

23 //variable to inv

24

25 reg [STATE BIT - 1 : 0] state;

26 reg [NUM_BIT-1 uz

27 reg [NUM BIT-1 vi

23 reg [NUM _BIT-1 x1;

29 reg [NUM _BIT-1 ;

30 reg [NUM_BIT - 0] inv:

31

32 wire [NUM BIT : 0] x1p;

33 wire [NUM BIT : 0] x2p;

34 wire [NUM BIT-1:0] uvl = (ud=v)?u:v;

35 wire [NUM BIT-1:0] uvZ = (ud=v)?v:iu;

36 wire [NUM_BIT-1:0] deluv = uvl - uvi;

37

38 wire [NUM_BIT-1 : 0] mil= (ud=v) ? x1: x2;

33 wire [NUM_BIT-1 : 0] mi2= (ud=v) ? x2: x1;

40 wire [NUM_BIT-1 0] delxlZ = (mll >= ml2) ? (mll - ml2): p - (mi2 - mll);
41

42 wire [NUM _BIT-1:0] div = (state = UX1l_STATE) ? u :

43 (state = VX2_STATE) 2 v :0;

44 wire [NUM BIT-1:0] divuv = (div[0] = 1) ? div : {1'b0,div[(NUM BIT-1) : 1]};
45

46 wire [NUM_BIT-1:0] div2 = (state =— UX1_STATE && x1[0] = 0) 2 xl :
47 (state = VX2_STATE && x2[C] 0) ?'x2 :0;
48 wire [NUM BIT-1:0] divx12 = (div[0] = 1) 2 div2 : {1'b0,div2[(NUM_BIT-1) : 1]},
43

50 wire [NUM_BIT:0] divxp2 =(state = UX1_STATE && x1[0] = 1) ? xlp :
51 (state == VKZ_STATE && x2[0] == 1) 2 x2p :0;
52 wire [NUM BIT-1:0] divxpl2 = (div[0] = 1) ? divxp2 : {1'b0,divxp2 [ (NUM_BIT) ]} ;
53

54 assign INV = inv;

55 assign xlp (xl+p);

58 assign x2p = (x2+p);

57 assign DONE = (state = DONE_STAIE)? 1: 0O;

53

52 JI2LIILELITRLPELETEEL 1D FFEL S FEINVERSE 1[I FSTFTEEIIIIIL I EELFIAFFERIILI 171777 ]
€0 always@ (posedge CLK or negedge RSTn)

€1 begin

62 if (~RSTn)

63 inv <=

&4 else begin

€5 if(state != RESULT_STATE)

66 inv <= iav;

&7 else begin

€3 if(u = 1)

&9 inv <= x1;

70 else begin

71 inv <= x2;

72 end

73 end

74 end

7s end

76 always@ (posedge CLK or negedge RSTn)

77 ©H begin

78 if(~RSTn)

79 state <= IDLE_STATE;

80 = else begin

81 = case (state)

82 = IDLE_STATE = begin

B3 if(EN)

B4 state <= INIT_STATE;

85 else




114

11e

=
o
~

118

I e e
MMM MMNMNMNRMNPS
IR L S A R

iy

-

137

142

144

end

end

22

state <= state;

end
INIT_STATE = begin
if(DIN = 0)
state <= RESULT_STATE;
else if(( u!'=l )&&(v '= 1))
state <= UX1_STATE;
else
state <= RESULT_STATE;
end
UX1_STATE = begin
if(u[0]l==1)
state <= VXZ_STATE;
else
state <= state;
end
VXZ_STRIE : begin
if(v[0]1=1)
state <= COMP_STATE;
else
state <= state;
end
COMP_STATE = begin
ifCGul=1 ) &&(v I= 1))
state <= UX1_STATE;
else
state <= RESULT_STATE;
end
RESULT_STATE S begin
state <= DONE_STATE;
end
DONE_STATE z begin
state <= IDLE STATE;
end

default: state <= IDLE_STATE;

endcase

always@ (posedge CLK or negedge RSTn)

begin

if (~RSTn)

u <= 0;

else begin
if(state =— IDLE_ STATE)

end
end

u <= 0;
else if(state =
u <= DIN;

INIT_STATE)

else if(state = UX1l_STRIE)

u <= divuv;

else if(state =— COMP_STATE && u >= v)

u <= deluv;
else begin

u <= u;
end

alwaya@ (posedge CLK or negedge RSTn)

begin

if (~RSTn)

v <= 0;

else begin
if(state = IDLE STATE)

end
end

v <= 0;
else if(state ==
v <= p;

INIT_STATE)

else if(state = VX2_STATE)

v <= divuv;
else if (state =

v <= deluv;
else begin

v <= v;
end

COMP_STRATE && u < v)

always@ (posedge CLK or negedge RSTn)

begin

if (~RSTn)

x1 <= 1;

else begin
if(state = IDLE_STATE)

xl <= 1;
//else if(state

== EXEC_STATE && x1[0] == 0 && u[0] == 0 && x1[NUM _BIT+2]

1)
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7’ x1 <= {1'bl,x1[(NUM _BIT+2} : 11};

elge if(state = UX1_STATE && x1[0] = 0 && u[0] = 0)
xl <= diwvxlZ;
else if(state = UX1_STATE && x1([C] = 1 && u[C] == 0)

x1 <= divxplZ;
else if(state = COMP_STATE && u >= v)
x1 <= delxlZ;

else begin
x1 <= x1;
end
end
end
always@ (posedge CLK or negedge RSTn)
begin
if (~RSTn)
x2 <= 0;
else begin
if(state = IDLE_STATE)
x2 <= 0;
//else if({state == EXEC STATE && x2[0] = 0 && v[0] == 0 && x2[NUM_BIT+2] == 1)
Ve x2 <= {1'bl,x2[(NUM BIT+2) : 11};
else if(state = VX2_STATE && x2[0] = 0 && v[0] == 0)
x2 <= diwvxlZ;
else if(state = VX2_STATE && x2[0] = 1 && v[0] == 0O)
x2 <= diwvxplZ;
else if(state = COMP STATE && u < v)
x2 <= delxl2;
else begin
x2 <= x2;
end
end
end

FEEEEFELLEELFETI L7 /77777 FEND INVERSE/ /S I/ FITEFFIEEFELELAAT TS ITTFIIFEiRESST
endmodule
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IC Design Fabrication Packaging/Test PCB Assembly Products
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z Ftl b : a
(Analog IC design) W3a7umisaanuulunanduiu (Mixed signal IC design) wn3difiszuu il
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ANUTUtaugInITeanuULIRlTINARe system-on-chip design Milutuasuniseanuuyled

Tasmlumansnugaslaaagy

Design
Specifications
Digital design Analog Vdosion

Viriuoso

MiXed-Signal design me—

o

ModelSim SpeclreS

Vistuaso Lavi at Editor
Layout

Synthesis

fyf (Design Rule Check) }i

Extraction

| LVS (Layout versus
77 | Schematic Check)

ModelSim

1. Design Entry
v a v v a v o o v
HﬂﬂnLLUUlTNﬂuﬂ1Un'ﬁrhﬂuﬂﬂﬂﬂ:laUﬂ“u’]ﬂn’Wﬁ’N’lu’ﬂQOQOQTTTUﬂﬂH@BJn']T
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(Hardware Description Language: HDL) 174N VHDL W8N Verilog us
Py o 5 \ < &
AONRAN BTN IFIATIE (synthesis) N30 niseanuuuluduitinauls
- - - , &
W EINOANTINTDITETULAL IR NULL AL

Tibrary ieee;
use feee.std_logic_1164.a11;
entity ff_reset is
port (
d : in std_logic; -~ data inoutr
¢clk : in std_loglc; -- clock
rst  : In std_.loglic; -- reser, acrive hi

q : out std_logic); -- ourpur
end entity ff_reset; ™

architecture rtl of ff_reset is
begin -~ architecture rtl

FF_Proc : process (clk, rst) is
be?in - Process Fr. Proc
f (rst = '1') then
g <= H
elsif (clk'event and ¢k =« "1') then

<= d;
end 1f('3

end process FF_Proc;
end architecturertl;

qUaregwmssanuuulasldnim VHEDL usrdwevidusaining

clk_ibuf

ok [Oo—
BUFGP 1e0_q
rst_ibuf C q_obuf
1BUF o QOBUF
d_ibuf FOC

T
IBUF

. Simulation

v 2 2 5 & v
gaanuuui schematic ¥1M1N1391809013¥19 M (simulation) LABATIIFBUAINYNABY
- v ¢ o v v
2897997 BanULU M TaYa uINIABINAFBY (test vector) ifaanuuurimualy lay
& aiiice . a oA a
farsonnnlaszunIuNINAT (timing diagram) uazmIiiaasnnuAanmafiiadn
HA9N simulation 3xgnlFlunsUiulounleeesligndes dewnseanuuuianesiu
TUADUFATY
. Physical Layout
v } Gl | a v o - o
FeanuuiuHun A9 (schematic) W Uas il uA 32993 (layout) 32aL
A J i ' J A o - e
munm Mazlfiduuuufisrgnienaaaiuuuduiamed (WIuNENT2IT1INIAIIER

] - ' - o ' a o
naw) AlaIsudinszvamnademsiiifuuduisasnuiissgnaaud s dudun ey
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2. 37UV Ultra Deionized (UDI) Water L?]ws:uum':ﬁmawa:mmﬁndav, (Soft
water) IifwhAifaawuignige lasmardasoaudiag findasinms
vihanuazormindoadu SnatshyaunddAdziuuind Welwldhan
u%qn§gomomummgm’lumwﬁmmww Holavind quiy amrsondah

§£81@n38 Ultra Deionized (UDT) Water 18819 3.5 gnuaarfinasaadalaus uazde
anuemunwladings 18 wnzlovu-laudwes

Technology: 0.8xm
Die size: 2.2x2.6 mm?2.

RF interface unit
64-bit OTP memory

RF pad

Baseband unit

Thailand IC Design Incubator (TIDI)
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niInMIoaNLUUEINITIETIEN daanuuuarldnenRame fdawaiareuhidan 1997 (layout)
tugndiasaungnisaenuuy ngnia il uarfla i Rafsuannueunmiihg (schematic)

L) P a5 I ﬁ o ) o s e ] [ W fhot
viold windamAanaraniefailon aRawsniudaslaiunsudly deussuindoysds
el nuimiionan (mask) dwmTuldndadulylasdldely

o e P & '

walulsiinsnfildluniseanuuuuasndarnsnuiulaud malulad cMos Gaasflawiaidn
“ i & 4

aadang luganses TMEC iuumwalfiaaiinlunig low power/low voltage $9azlHammme

dvirira §

Tusanduoanaluladfliwawnsemutiumennnnisuialaslfinalulad cMOS ufa5s
awsanavatlasldina lulafioWdfie (Field Programmable Gate Array) lagminasoy
Fuuuuna e avameufiazeanuuyluszdudanldely iwuusda Xilinx Spartan-3
5895U72997 108y 1.6 A mina uazus TawauawiBie Virtex-5

&
1. wissflouazgunsal

A w ol o o 8 4w ¥
winsfananfsudulumsdniiuniitous s ldud

1. paufiaeesmmdigedmiunmIeenuuuuazdIngd9s Tavhauagunszuy
YJUHn17 Linux Uaz Solaris

2. o auITdmIUeanuuU993IN (Electronic Design Automation: EDA) sznay
§78 Cadence IC Design Software, Xilinx FPGA Design, Tanner Tools

3, wiselloTauscyasay

4. dinnalulafdmSumsaanuuy (Design kit) viwnalulad cMOs
0.8/0.5/0.35/0.25/0.18um
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