Hybrid CORDIC 2.A
Sine/Cosine Generator

20170706

Copyright (c) 2015 - 2017 Young W. Lim.

Permission is granted to copy, distribute and/or modify this document under the terms of the
GNU Free Documentation License, Version 1.2 or any later version published by the Free Software
Foundation; with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts. A copy of
the license is included in the section entitled "GNU Free Documentation License".




[Wilsen RoM bosed Sinel (osine Generakion

[24] Fu & Wil Sine / Cosine G :

Ry W —based

For %:Jh resolution, Ro M 5\7e grows e,)g!;oy\entio\ﬂ(‘}

Juaken —wove Symmetry

5np = cos(5 —6)

{D Lo, M) — [o)-'{‘;J

Cov\d'-howaug '(V\tercbom&iha Input s Xo & Y,

Comlih‘zsmﬂ‘ﬂu an:CVchmg'm% amd ’M.jﬂ‘\f‘“g owtputs X LY

A= Xo(S§ —VYoSing

Y= Y080 t Xo5mep

Mad; seri VLET aveh




Madisetti & Willson, DDS Freq synthesizer

N~

AN
"
e
-
"

-

t

—
{/ [N
\

\

S~

-fw waeyp cy  Synhhesig

a,rguvmwl'.‘ S;a_v\ed hormalited by T angle L4, 1]

binary rePyesental:iov\ of o yadian 2wngle re il ed

CA, 13 — [o, T/4] —> Sine/cosine  Jenerstor

P

0

Mep <

() o phate Gemmulator ¢ £, 13

(9 A Yadian CohVten @ -2 6

® o Sine/ (aSine 3ene/m+or S\ WO, (cS6
@ an output §tage Sn® , (@
4
Cwn = yRETIw. |
om ﬂw Lol "w




Madisetti & Willson, DDS Freq synthesizer




Madisetti & Willson, DDS Freq synthesizer

Owt pul” Staqe Sh@ — smTg C-n,+7)
(S — Cco§T P

" € gation [ interchange

),,X'IW%(' the pegabion of (o5 © = Xpux
CMSTJL g%mvm Gn 0= Y pel
MSBa /\ :
S—" TS ayguap  (nkrchange

Negate befre Swo.p

Linvent
___;('\
tes e ?IM)_\;? fux —> (oS TP
=
A
im0 L e
J




Madisetti & Willson, DDS Freq synthesizer

(oo Ne;

o] 11

I sin(x
cos(x

ol 9/ o
N
. .

WS ow

Kinv Yy Suop (of T 6 Gn Tl d
0oo o) O © (f@  Sn0
v ool O o) l Sing (5@
VI 0) Y | | ~5h @ o0
O T | O 0 “lSG SnG
| 00 l ( o) ~(oS @ -Sin(d
| 0| ( | | —ng %
t [0 ( o | LY O

| O | 0 WG Shy




Madisetti & Willson, DDS Freq synthesizer

(ofo

@ @ Sing
ShG (oSG
1 T T T T T 1 T T T T T
sin(x sin(x
=7 w7
0.5 - 1 05 |
0 4 ol N
0.5
0 1 2 3 4 5 6 5 6
X
~$hG
(2 (eof @
1 T T T T T T
sin(x; sin(x|
cos(x# cos(x|
05 -
0 —
0.5
L NI .
0 1 2 3 4 5 6 5 6
X
—(oS @
@ —Sn(9 —_— —
1 T T T T T 1q T T T T
sin(x sin(x;
cos(x| cos(x#
05 1 05+
ol N e o
05 F 05 - I
0 1 2 3 4 5 6 0 1 2 3 4 5 6
* . X —
Sh© G
(&9 £iny o
Isin()(# { ' ' Isin(x
cos(x] cos(x]
05 | o5k I
0 1 2 3 4 5 6 0 1 2 3 4 5 6




g C0$¢ Madisetti & Willson, DDS Freq synthesizer

Sn &

S | @ 9 S @ Sih

D (CINA @ Sing
Sh@ 43462
1 T T 1 T T T T T
sin(x# sin(x%
cos(x cos(x|
0.5 - 1 0.5 -
oy N
-0.5
0 1 2 3 4 5 6 5 6
) x
“$hG
(o ©
\ |sin(x Isin(x ﬁ
cos(x cos(x]
-0.5 -0.5
1 4 / L
0 1 2 3 4 5 6 o 1 2 3 4 5 6
x x
—(oS & =3n (9

1 T 1 T T T T
sin(x sin(x
cos(x# / cos(x|
05 F 1 05
o oo N ) e
0.5 - 1 05
. . \ . / .
0 1 2 3 4 5 6 0 1 2 3 4 5 6
x X e
Sin© g

1 T 1 T T T T T
sin(x] in(x
cos(x COs(x]
05+ 1 05
0 0
0.5 05 F 7
-1 L -1
0 1 2 3 4 5 6 0 1 2 3 4 5 6




Madisetti & Willson, DDS Freq synthesizer

Sin @

(o9

se YA (0, 0) 0) WEY) (0,0

W) = o, ® P AT

7 |
D R I
/ / \
V/ 7
) —r ) @ Ge T — (5,])




Madisetti & Willson, DDS Freq synthesizer

Kinv. 9my  swap (oJ7 ¢ CM(;zS
000 o) o © (of @ She
0 o | O o | Sing o5&
010 O | | ShG (o
D1 | I © o) (05O Sin
| 0 O | ( O —(os©@ S0
| 0 | ( | | “hg %5
L1190 | © I S WO
L O l 0 G  She
0] d
O o
O
| o
‘ (
( I
( o
O I
OO0 bOp
O | )




Madisetti & Willson, DDS Freq synthesizer

A
0= 7 b0
£
be Stgn + Nbit  — (M) bit Frachonad
b& S SO) |‘$
Ot = 2k

O is constramed to be posi tive b =0

oS
(9’:: f}% lok2 —wo + Py rkZ

e € (-, -!'\‘t Signed ok §itS

Cb o (ongfant




@ Subro tat’,oy\ J,\/ Z"k

7

2 6%*/\0-@ @ i’\adf rokabions b/-/ .‘2—&—’

— Yo Eation

L oppyGit vobellons |y 1277

Birw% Re{)fe,Sento« LT on

b =1 ' Yolabion by 27k

by = O Zero  votatjon

f-th rotation

Fixed rotsation by 2+

L od

%23 Yotabtion < bg= o0

L { %S votabtion ¢« ba= 1

Combining gl the ?txeo( rotaions

Lo

' . /) P L,
Nitia  tixed votation




bu

2" M

FiXed =

+ oM

iﬂs":\'aﬂ ﬁxeg(

rotabion




S'«gm:v{ Digit Recoding
d ' g

tl)(’. ro€n hOV\ O\‘FteY Ye codin 3_

— a Fixed inbiad Vo tutjon C’So

a sequente of ®/© wtations

be =| + 2-’!4 rota tion
be = - Q_H rota tion
Yo = (2baa -1)
2+ -\ = | bt =1 —> It = +|
2.0 -\ = - bty =0 —> 1= -|

The re (odin3 need mot ke exp&‘c.'l—l'g 'pwforfmfa(

Simply veplacing bt =0 with )

Thcs retoding Mmantans

& Constant saling fachr <
v




N
& 1 < )
3 = -k
(= ﬁ;Lka -—CPO + é)sz
D'\M\Tlfcy RepreSenkohon 3\0& t
Tt 2% it
b | b bie| bu

\

\

\ N\

| &%

| Y

Yy

TR VLY
W \

\

LF

Yie| Y

(

(

|

z-l.

2—5

2:”

¥

Lt

')-'l'l

S'\a nc& D 9.t
J ()

Recodim %

{1}




The Sca.lihe K

The inibial rotabion @o

Yotekion  Stankmg  point

(Xo, ¥o) = (K tos@, KSing)

— fixed

— N0 erfoy bMiIduP

— Totation direction

inediatedy  Ohtained binary  ve

— No Need for COMIDGLY{S:,\V)

the Subangles |O& = 2°% Used in Teioding

the Sabﬁ.nales 91=1'?am4'(2‘*) used in  CorDIC

Tam O ik piers  wed

am the frst few  (ubrnbabon Stages

Cannot be impemented
08 o Simple  Shift-amd-add  Operations

—2 Rom Implemen ta bron

Vedued  Chip arnea

l’)igbe/\/ olwval—ma S‘}oeed.




/—\ rchite cture

(O Pphose o cummlator ¢ € [,n]

(:) fodham  conventen CP—79€- ED)%]

@  Swe [coSine  Genenator  Sn(0)  (03(0)

@ owtpub Stase G (TP) oS (o)




0 UM(’\ON'\V\ 9 ').‘ s (om ?\arﬂcn‘k o ccumul 2oy

Noymalized by T omgle ¢

Need  radian amgle © < [0, %)

D < <L rod

N -pit binary representm tion of ©

Contrals the direckion o{‘ Su\,mtob\on

N-bit  precision of (950 & Sin®

Oub put stoge 6 — ne
Sn @ - Sin TP

(050 — (esT ¢




p hose OCCumulatoy

ACC. ¢, c (- Q
——{ Req > ’
M-bits g
ch H(Qeﬂ T
v (€set
Q;md
M-bit  addn

Yel‘aeated&?{ nerement s the phase anglo

by Few ob erth clock tyde

PP ANAS

’GYC?)A_LBY‘(;I conyrd  ord

it time m } O =N Fe[ QM

C & (;b = (oS (nFey lln)

sing = Sin (nkey ./l“)




Ro‘d‘.ow\ COV\Umi'Qﬂ:

Normoli zed angle )

Cb Msgy | MsBa | Mse3

y
N

\

Quodrent of  WUhaf

o L haf
¢

p4

Stored o ihterChanan./HEQAbe

@’ 0| o | mes

T+5=TP*7
NN /NN
[ I\ [\ AT
( \ \ ( \ \
\| J _ )
\ |/ I\ /
\\ (ti=w¢ '\'K\\_/\/

P + @ - TP +o03 0o
2\ ‘ﬁq&‘ <+ | -gﬁ O\

A‘\A ‘ ‘“C?‘ 4 5 3 [ ©

st Bload T+ 3-3 I




j-.ft &hadrﬂ\’\ot

@" [0 ] o [ wss
Uppen, Holf Gadrant >
N et P
/ P / N
(/ / \\ {/ |/ A\%—
\ / ] \ /W ]
\ / N /
L N
V7 % wypee uad (MSB3=1)
< jﬁ‘ .« | owen Hg\!g- (M§ﬁ3=0)
Y
| ~_ T
OSp=Sn(Z-y) /o X
AR Vv E
Swr = ws(&-r) ( T )
_ . \ /
(72 T-5<7% X pd
’ “ b ~—_1




@ [0 ] o [ wss

¢I{ — T _ OS/
0.0 [1 ] oo
D Q" [0 o [mss

% MsBsz =0 Q" = @'

' MsBy=1 P'= 0.5- @

G = e [ Band wired WAL ‘:\;U\,)

O0< 0 <L
\
¢_>¢1_>¢//

15t 8pad Lowor HAIQ




Gine [ (osine  Genensbor

Sub robabion

,Xkﬂ =

Yo = (1 tom 86) Y,

\'{M\ =

Yo + (ry tomBe) Xp

[ Kg |

—

(os O

~Sin© |

—

|

Sih @

©S O

l

~ton 6 [ ¥,

= (5@

L tam®

1

1LY,

®= 0-080+G\ O+ °

- 4 0y Gu

6\& = fﬂ\) 0, _H}.

[ = Tom 0Y 5

—

l

’TA/Y\GEB'Q-'

Yol

1
/\

Y 6.

1:0”\ (N G‘N I

-

ton 6, |

K = (05G18y - (585, B

vt (03 60 By







‘ K, 1 Xe —— X, —— X, .
\ / N /N / \ / \ /
VARAARAVARAY \/
N\ A AN AN A?
AN B VAN VANV [\

\(’ {2 (3 {4 T%Aﬁﬂ—

oy b, b iOr_; b
Cy = Cs.‘- Cy= C¢ =
tn(5)  tn(h)  ban(%) ()
Kesg — X, Koy = (05 &
Ksing, —, You = Sn @
8 - {b'a by, -, bN}




the inikiad (Xo, Yo)  Glways the Same

4

Merse  thw  Frck B/ butenfies

B/3
— 9_ Words RoM im!alementaho)’)

7 N0 1eed  tom @n  mulliphess

— §b|,, by, -, b vs} = address

i cterses

(s (ot 7 ba )

=\

BI3

Yo

s (¢t 2 be 27
k=\

Lwer Half of the |5t Guidront

— A poSitive Xp & Y

— Mo Need  Sign erlenSion
— vedunaw the  loods

— high gim,i




M erq;ng' Buttenklies
0

therae  m finad  pullediies

(Re) 5 (Feam) directl

\"“ ) ’ \\'( lz-m)

ey :
Kem = Xy -y L fitem2?

t=k
ftmo

Neam = Xy 4 x, § £, ton 2

Vakid merging &y (8

tom (2t)=20Y kY Pls

look ghead by m

the jnoivdual terms v the  Summalion

Can be  (omputed  jndependently

omd Sumped  4m pmauu(




fe4m-| .
Mm = X‘_ —,\(‘ zr_'z ntmg_-t
i=

feimo

feam = Xo 1 x4 Z‘L (; ton 2

L=

/ gL
18 »k — Sun
e
bod 31
CsA X &+m
T tm
> bod TUM
—_— CMI\A}
X
Xk i N y
/ >>k 7oUN
+rfu|\ i
o o) ,
CSA Y &+m
TR
\>HT|
L~ 4 ! o
‘ I
Ya

+ Yeduced ,Qa-!:en(};
+ whwn

+ n in -



O wt rvft .STO\gJL

Sy O | ST
(oS & (5 T
6cb,%) v e,

§ Negatim
(nben than HL

¥ N-gation befwe {nterchange




Normelized ongle ¢

CD MSB( | MsBa | Msp3
Quodrent of W haf
- 7 L hat
i

pa
N

Stored to interchanse / negate

MBdd | D | Xaw Yiv Swp [Co5TP  Sihmgg
000 [® | 0 0 0 | e cno
ool | () o o | GnG  (0S@
010 |® 0 l I -5in@ (058
0l 1 | @ | 0 0 -(s9  Sin@
o0 | @ L1 0| ~s9 -6
ol |© | | 1| -sme -tese
1o | © | 0 [ Sing  —cosQ
|1 @ 0 ( b oS  —5in®
JoN
®/ "\ 5

O

/—\
S
(e

— S
|— S

o
\__/

g

<

S

/

D

G \:<







