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A% quadrature E27)E UX" B4 Ala"lolA] Axd AFe] P o4 HxE f8 & €asi) 7)Ee
wle o 2= DDFS (Direct Digital Frequency Synthsizer)E o] 83t sialo]& A7) o] A& o] B8l
H2g 48stgrl. a2, DDFSoly #Z ROM (Read Only Memory)& Al e, 52 £59 AT E o
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ABSTRACT

Digital quadrature demodulator is needed for the coherent demodulation in the digital communication systems
such as Binary Phase-Shift-Keying, Quadrature Phase-Shift-Keying, and Quadrature Anmplitude Modulation. Convent-
ionally, the DDFS (Direct Digital Frequency Synthsizer) is used for generating the carrier signal and seperate multi-
pliers are used for mixing. And the DDFS is implemented using the ROM (Read Only Memory), which can be a
bottle-neck when the fast-speed and small-area implementation is required. A new architecture is developed, which
employs the circular rotation mode of the CORDIC algorithm for signal mixing as well as carrier generation. To
optimize the hardware design parameters, the finite word-length effects of the proposed implementation architecture
are analyzed in comparison with a conventional ROM-based architecture. The hardware costs are also estimated,
which showed that the proposed architecture occupies only a third of the area of the conventional ROM-based
architecture for the same performance. A full-custom VLSI is developed using the proposed architecture.
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CMOS FA3 g rlee] Wz FA8 Alxgle] 7
ol 9lol B obdEa FEr} txg 2= o
Agn ok A" FAR2 PG FHo| 7t
oEn A B2 know-how7F HAF oldga W
o] ©yg FE o+ qivh a8ln, A AE
Lol Wz w He 54& dx&F /98 7=
2 9d g 5 dch

Quadrature %27+ BPSK (Binary Phase Shift Key-
ing)?} QPSK (Quadrature Phase Shift Keying), QAM
(Quadrature Amplitude Modulation)®} 2 ¥ ¥
S Mgk A" B Aladgle] oA sl
74 Vel xEe FEolci1)2]. g B
Aoz Bard AFE BPSK T+ QPSKE H
Z3td $AStnE, 474 quadrature H-3Z7)
Abgsl Z1AUY ATz ARG Fo e 5
gatA Fch3][4). Quadrature EB-Z7|E FA3}7] 4
@ ode] YL obd R WS mixerd AHEdte
Aol e, 9 dFE txNg FHe A f il
HooE old2a Fag £ Fu (Intermediate
Frequency) e g Fi4g ¥F T, a]g quadr-
ature Hz2718 Abgdted JAdY AnE FEE
WA g AMS-sh= Ade] Ak 2y 19 YA" quadr-
awre 22718 Hgled, B4 AddMe dukze
2 23t 14 (Intermediate Frequency) theolA] 7]
Aoz, 44 AddMe S 7IANHS
ozol Hzd AlEHTh Quadrature EZE  9s)
sinefcosinestE WHA7)&= TiAlg 2z Hagh
], 71&ol+ E% DDFS (Direct Digital Frequency
Synthesizer) & AM&-8FTH3][4][5].
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13 1. JdAE quadrature H-27)

#g PLL (Phase Locked Loop)2 »& ofd®

w3 Bing of DDFSy W& d& 94dae] whg
(fast continuous-phase switching response)3¥ ¥ F
v A% (fine frequency resolution), W& WY Z,
%& spectral purity $9 5% A5 & 2Avk 1%
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71 % A7 Agse] g, 2 gF-Ee ROM
(Read Only Memory)& ©]-83 MQIE (table)oll sine/
cosine &g A3k Wh2o/ATHS][6)(7]. ¥, F
el FUEE 20|71 AsiAde 27]7F & ROMo|
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dx Mg FA "ok E & HS PHoE 43
H danzeg AHEdle Aol ded, S FARAR
¥HE &8 Fuw #HFEFAz HEFgo2H sine/cosine
S5 AAAIZICH6)(8]. o] WL FAZES gidTte
2 PAHBR golZeRl T4 MHer &8 A
23 ®¥4 4 Ik

29 19] quadrature E-371E T dsire
grollA] 135t DDFSEZHE] sine/cosine-& Y4217
i, dxe FAVIE B AMelo] BExE Fdsof
FO3I4)5). & FFolA e Am FEAQ circular
rotationg sine/cosine o] Al Wnlk olijgl Fab4s
mixingol| = AREER= ARE 3o wisled AFEck
A 273 7182 Helol] sl Ak, circular
rotation< 9§+ CORDIC (COordinate Rotation DIgital
Computer) ganelEel ois] Ad=HcHo)10]. A 3%
o #HH9 smde] FHE st 7]ES ROM
& ALgE P29 AjokE CORDICE AME§ F39
Fabet A3E BTt Al 4FelAde sl=slof
e 23 £x& 34 Al Az vlasich
A SHA e AerE FFE AR3ElA quadrature B
z71% AAS tix]g Costas loop?] VLSI 73 ej
S83% g Heln, o ahE st=do] MA o
& et A 6ol AEE Pt

O

II. CORDIC @12lS® ALE#t Quadrature
X

Quadrature B2 F418 AFol|A} in-phase ¥
3} quadrature H¥-& FEde AP oA, 7ol
2o Foret 84g Ze sine/cosinedE YUY A
o} geoEs T 4 ok tA"” quadrature
Bz 3 13} o] A/D (Analog to Digital) #$
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71 B8 CAEsR 47 A3 dalA o] HFE
+3&e Holth 19 1A in-phase J¥7} quadr-
ature ¥, r (D ro(B)e T3 o] AMbEch

ri(k) = Kr(k) cos[ wyk+6(R)] n
ro(B) = Kr(k)sin[ wok+8(AH)] (2)

A7) M wkt (ke Aol Adxe f4deln, K
£ mixing °]5e|th o] AhE 3] A3, wpk+ (k)
9] $4¢ ZHe sine/cosinetE WAYAIAC B, ¢
g A5 Akee] FAS Fdsol vk o] AL
Wy Aoz Y, o Zol [#(A) 01'Y
circular rotation® 2 ZF3E 4= QlchD

7,(k)

[K?( k) cos A( k)l
ro(k)

Kr(k) sin A(k)
cos A(k) — sin A(k)l [r(k)

=K

y 3
sin A(k)  cos A(R)

0
A7 A(Re= HHZ wk+6(k)E JERITE 1
¥ 2-(7Dell circular rotator& AH8-3F TiA|" quadrature
gx7)e Agdd P2E Bk

4¥41%7t RF deflA] oln] in-phasest quadr-
ature 02 FE|EHoM EoJew Afdw, v
3} Zo] BAg FAE wysliok FrHs][11)

(B +irg(B) = [7,00(R) + j7ime (£)]
@
- K[ cos A(k) + jsin A(B)]

o] Bad A= W el FAPE, ot o]

[ #reat(B) ¥imae (B1'9] circular rotation® & & <= gjck

rreal( k)

¥ imag ()

ri(k)
[ (5)

[cos A(k) — sin A(k)
fo(k)

sin A(k)  cos A(k)

19 2-(Whel circular rotatorE ARRFF A4 ¥
< 9% YAE quadrawre Hz27]9] AtE FZE

1) [+ I & vector transpose®& U}ERACE
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Circular rotation& CORDIC ¥i2]5-& o] &3}
EgHog Y 4 UArd CORDIC LnEe o
g7kx} 718 PeEs BtEAS R Adse %
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Shv=d] Bo] 2851 UArH9[10]. Circular rotation-g
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Atk Afk)
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713 2. Circular rotatorg AR&-§ C]A| @ quadrature &-327]
() A g (b BAg 9 A

x(0) = —yin sign(z) ©6)
y(0) = +uxin sign(zin) @)
2(0) = zin—sign(zin) + 2 arctan(l) 8)

i=0,1,2, ..., n— 1o} oial I3 2 AE
gHg g}

wWi+1) = x(D—-u(D)ADH2 ™’ )]
Wi+ 1) = WD) +u(DHD27’ (10)
2(i+1) = 2()—u() W Dal2) (11

o7l w(de z2(del F3Fola a(i) = arctan(27')
= g A& 7B zSoe)|c) o] circular rotation ¥}
e g3t gel Wiy guiz veld £ ok

v(i+1) = P(i)v(7) (12)
719 p(i) = [x()¥())'E /A HENA 9] rot-

ation WEl°)3l, P(i)e A3kt @& rotation 3§
dz24 g 2ot
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1 —u(2™"
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L w(n) 277 1
13)
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(1) sina(?) cosa(1)

Rotation HEj= n¥l WHE ¥ oS3 @2 g& 2%
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cos{z;,—2(n)} —sin{z;,—2(n)}] [ xin

v(n)=K(n)
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(14)
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Holz 252 WY 72E A4tk ¥y Faxe
CORDIC Z My 27 33} ol Z} 4% (Angle
Rotation Block)®} Zt= AH4HE (Angle Computation
Block)2 o] AT ¢ Urh 2 HHEE o} g
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AR slAuEE AojNEE SAATIT] Aste 2(d)
g At
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tAg Azl Ay dojHold] 2§ o
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3l o] A9 WRE e Ay FEE A Hax
3ol ulg, AutEo g AOE +£F LEIITE ol
Holg-& AAslol ¥l ¥ ol AFA A
CORDICE AME-@ tAg quadrature E-Z7]oA =)
g dojHolrl Aol vlxe dge EHsigith
7122 ROME A14% 72 dsid = vl By
£ 3l B RS HinE 5 UA=E sk

2% 40)] CORDICE A% Wi ROME Alg
she WYl stsdlol BdE BHeloh Ao dwsle
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5
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b ]

18 4. YA quadrare #2719 stEde] 29 : (7
ROME AR & (1)) CORDICE A& &

H8l EHiage gEHE /s, A PR 25 Y
g Azo tolelg Lolg} stk Fak AolE
sl ArgEhe 94 FAVE F B FRAAM 2o
o2 Y4 23 2YoRHE EME AFIAL §
A ¥3E7|el £#82 tJAE quadrature H37]oA] &
FHE 94 gdxe] we} Bes Bg bitZ WY €©
T} ROME AHg¢ F2oME A4 dHE Tl
o] BpE ¥zt W} sine/cosinevte]| & TolH
ol MpE ¥Asg o exjr7l AYFcl. CORDICE
AHEE xR ME A & £ no Ay A
Ak gojzlo]l B.ol A& o8] wAde F
ZAbeE eatel, 2 AR dojdo] Nco A

2) Subscript C= CORDICE ARt £2Z oJn|8la, subscript
R& ROME A48 72 & 2jv]gich
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o uhey oxrb HAFch YA" quadrature &

=719 AFE tholole] P&, IHATIE sinef

cosine® #ZHH|e] AW RO mixing® 239 FUs
£+ 270A s steiol gt

3.1 CORDICE A28t ¥

CORDIC ¢2]Ee] W¥Alsl Aol tislede Hul9]
9] A7 AFA7} e, ¥ d7ddEe dAE quade-
ature Bx7)9] PR YEE olE TA sl HA|
sdo] AA A% HA sl AYFEE EMFHU
o} Zt= AN 7 ARl wAste FAks
JIEE o] At

3.1.1 7+ 3]MX(Angle Rotation Block)?] %
Z}2} gk
CORDIC ¥melgolA 2+ 3xRel gzpst 4T
o2E AFE © Foll 9@ 7 2Aks Aok 74 5
A AL FAdel gkgd 9x7) itk CORDIC ¢l
BN Az Av 933 ol n e N
{a(D)}e) A3 z=gez Ak

A=sign (A) -2 arctan(D) + 31 w(ida()+3  (19)

Gi7lM & 2+ TARe] 2@ 2ajo|th CORDIC
FneEY 48 2HozRe sE OH 2L H
g e

|8} < a(n—1)= arctan (27"*1) (16)

=04 "ol o(n)9 )HA &L v (welet 3t
A, AMNE & v(me ted Zo] xdARY

cos'd siné

v(n)= v'(n) =Dv"(n) (18)

—siné cosd

a2z, 4 2AEe ¥ g eate el
Zo] ALdd.

vin)— v'(n) = (D—1I)v"(n) (18)

3 7t 2AE AR SiNE de BEY At sidT sH et
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oJm¥E 2 akstel ¥ LAVAE thET el
3¢ 4 AcHoLY

| o(n)— 0" ()< (D= DI
o'l 8ll v*(ml< aln— Dl v* () (19)

ol whojzo|st Lolehy, 48 #A¥E |x,,|<287),
ly; 1 <27 'g2 277 AgEe, 4 (199 eake
Av oha o] ¢ dojdo|2 m#EFAD

Lo(n)— " (< aln—D) *(D< a(n— DK VZ - 257!
(20)

Bed eakE #Asly] dsted, iR AAA uE
£9e a7 del @g p()et s, ohgd 2ol
Fapsk Ak QI - 18 Bostak

QL ()= v(i)+ e(i) @1

A7lN e(e Hee] &% oA WE [ei) e(i)]
oltk. A4S AaklM HheR 2aks e (i) <¢,
le(idl<em @77 AP, e s=do] 3
Wed os BHAG nHAFY BN a5 7
Bo| MAjelehd, e=2 Wtlo] @rh 7} thel wh
4 oxe oe e AsEEd, o) 9xbe] As
4g thewt gol 2 4 Urho).

£ odo A

o) =0l 9(W)— v(m)= e(n)+ ”g B(i)e(i) (2

Pl BG)=11C) PGeld. adns, wed
eake thesh 2ol AR
A < le(l+ S 1B e(i)]
< lel+ 'S IBGI- T @3
< VZe (145 BN

4 |- |-1e 2 #¥93 ¥Ee [, nomg E@h
(D= Dl =V (cos §—1)%+ sin*8 = 2sin 18/2I.
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e e AL /7] WEel e(0) =00 A
A 3)A A= shift-downo] YleBR ¢1)=(0°|c}

Hol F= A Ay R AL dos 2R

& @ojzols zZtrlm A& A, olRE 8t
vie] QA& uEESIAM AlgERs Sl AT 24
Wiolth gXg Bl AaldAs, SmdolE Fol
7] R8st oldRa YY ABE sMEF & A o
ojFdelz gAtElEtm, d4dbe] o8 eyt FAHE
AL w7 skl UE 3 AN A3Ee ax
7 @oljzolE EE itk azrz 4adl ext
FME oladt h=dlo] Fxol| WA FAH 8o} gt

o] GojHolrt Lejgfa & o, Al £ scale
factor, K(n), Wg e @& £ & U=S
7t FARe R dojdols ZjEAH LR 1 bt ¥
B4-E AlAHok FrH6l. CORDIC dag]golr+
o] IFe shift-down QAHER hAERA7] wf 5ol
714 ole] AtElel guard bitE: So M &Y i}
& Y < Ut o] 9, guard bite] = M 7F AA
shift-down Aal¢ 2] vk & WeE 9o 2
23, Wi gGojdole AN @ FHOe FHolwt
shift-downs] x| w3l Aite] evizb A €t 21
Hu, i doldo] Nov o33 #2 §9g 7t
4 4 ok

oy foir Sk

n<Ne=L+Mc+1<sL+22=0li) o

Mc 78] guard bit7} H7bE0e w, A shift-down
AelF7t McE 94 v B ey expyt
AR gtk 2 mim—-1)/2<ME WFAFe
Ao mol tiEiME 2T ZE A& NEA

e( =10 i=0,1,2,,m (25)

Pl FFF2 o|FoiA Y, HrMHe M.

bite aFFE & 7 3ok wehd, HEd A

e @ o wet 53 o] A 5 ok
n<md W ¢ oyt BAEA gkech

[f(ml =0 (26)

n=m+1018, WEY Ox} ohAT ol
Sk

LFOn] < zﬁl @

n=m+24 W JdHe LAz ol Ik

| A < 7,“7—1— (1+ s ||B(z')||) @8)

i=m+]
A PR exE SN dsted,  w(n)
(=QLo(mDE & A3} eatel Hed oxE

s3eke A At A Y, o(n)e g
o] ¥¥E + Utk

v(n)= v(n)+ f(n) = Do’ (n) + F(n) 29)
adug, A %3 LA den g

| 9(n) = " (W< ID=1II - | 0" ()| +| £(m)] (30
o]A-& CORDIC @neEA] WA= 9xke) AMgt
olma, dmglo] u| L3 %ol trade-offE 123l
2ol 43 ME AAsol @} o] HY AAE
o] &3 Y 59 L=82 7Z-%2 CORDIC 23

TAE detlided, d7lM AgAdle K(n)e
2 BEsiich

[ Normalized Error Bound in CORDIC-Based Architecture

0.00 SUSEI I

% 5. CORDICE A3 1ol egA (E=8)
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3.1.2 7% AH¥¥FHAngle Computation Block)
9] FA3} A%

AA sledel FHAME, M A7l WA o
Ag = z,,22 FARE F 4 (199 NEGE
o MY zgoz AMEth 2%0) 278 EHAHES
AT E B bitd] 298 B2 FRIAIA £ 3AcH6]
289, 27] 4% A eake WEEE AR
Rog 7% o o5 o] AFgdrth
A=z, < 2—’,§ 3

st=dlo] FEE YsiMe HHYg A U oide
7187 {a(D}= FABE oL sl AA 4= At
2 o] ZEE ALE3l] FHE ofel] s MAdhe
ate A el e FolA e g F¥
A & % 2tk CORDIC UdnaFoA Z= A
AT 2w n U] RHE ANE B s @

& & #ded, o)AL 028 FHIEE FHo] gt

z2n)=A—sign(A) -2+ a.rctan(l)—'g uw(i)a(s) (32)

AR, AA Age FAtE HEEZ FAS vk
% 22 AsE deth

0=z, —sign (2,) -2+ actan() = &, (1) a(0)
(32)

A7lelM { a(i)}e dABE 7848 u(i)e
{ a(i)}& Ar83te AatE A AW Fojas
ojtt. i=0,1,2, ..., n—291A &3 gL RE
€ WFH, z(me |Zwl<a(n-1E AP
oHIl

E(i)—j'zi1 aj)< a(n—1) (34)

RiRel, 7 e B 1B (a(i)}E AHEBS
99D YA HA44 Ak Oes 2o,
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A" =sign(z,,) 2 - arctan(D+ 33 B(Dald) (9)

aseg AA 72X 23 2w e 2ol
Aaz=d

S(m=A-sign(z,,) 2 actan()~ 33 #(Da(i) (36)

olAe g o] HA A= AN B z(wE
284 5 Sl

S= 3+ A=z,= 8 B(D)a() - (D] @)
289, A 2 A8 AR Thes o] AR
lol=le'(MI<atn—1)+ A=z, 1+ & lat) = aDl  (38)

3tEdle] TELE HsiME ©] 4= AR exE 1
glElojol @tk 29 6] 2ol AP AdA el

Yaw? in—Phase Error
6.0 U
400
000 eeeatn nmm”m o
600 e ’zwoﬁ e
(a)
var? Quadrature Error
8.00i -
Y — ST
| N
1 II B
2008 i II |
0.00] ......... mllllu “ I"“"“lhfu ......
) K 300.05

— b 16

3000 ISR R0 000 10660 40000

(b)

13 6. CORDICE ARt Fxe] Ry AufoM o
Bt 93} histogram : (7)) in-phase A& (WD)
quadrature A ¥

5) vlAg @) e Alate HdAR sl=dez FEYE gert
gleng 2(a—1D=aln-1)olatx & 4 gtk
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2.xke} histogram-& HYchk ofv|ejA] HsE oA
b 05 Hu FxE 37| {8l L=8, Bo=16,
n=10, Mc =5% A&3tded, <AL A4z AL
ety nEisty HFE stk

3.2 ROME A8t 3=

ROME Al43 DDFSe % Uxb3lel &9 %At
3ol F 7k e dAdo] ok 4x Ax g
o] <kxjEtet

A= Q[A] +¢6 (39)

S W 3t ex2AM Zx e welo]
7} B bitd ® [8|<a/2% 2 A@®d a9,
DDFS2] sinefcosines}t &3 thgil zt)

cos(A—8)+e, (40)
sin(A—98)+e, @41

A7) e 9 e, = EHO WY A2, DDFS
9 &9 dojholzt My bitd W e, i<e, le,l<e

& w3, e=1/2" - Delko
Quadrature 82719} £8& o33} 3}

7 cos(A—68)+e, —sin(A—48)—e,
lfo

i

[ ¥ real 1
¥ imag.

sin(A-8)+e, cos(A—8)+e,

cos(A—8) —sin(A—8)][7ea
sin(A—38) cos{A—08) || #imae
e, — ey 1 [ ?rear
+
e, e,  imog
[ cosd sind J[cosA —sinA]l[¥,em
—sind cosdllsinA cos Al imag
e, —e, ? veal
+ 42)
ey €y rimag

9 A2 9y g oI Zo] & 5 Stk

6) 1% —1& 27 ¥ Lo 1eh —2™ 1112 Jepjolol 9k

N cosd sind]jcosA —sinA
v= r
—-sind cosdllsinA cosA
e, —e,
+ r
e, e
=g+ Er (43)
o 7)o A ;=[7’l relela  r=[r,y Vim]tc’]‘:}‘-

9 Hold M He Azl YR 248 gl
s, B4 Yo wgd oig ¥ystn e, of
£ 7 ge Pelsld BNud.

5=02 W 0o oA AHE o' oAk 2
49, ve) AA A4 I e o] FRATY

cosd  sind

= I)' = DU. (44)

—sind cosd

2N B, ke g 93 eate vhea Z

v—ov =(D-1)v" (45)

LARAE o33 o] FPEn

fo — ot l<D-DIl - | v* <8l 0| < 2’5, [ o[ (46)

94F doldelzt LY o, JHL |rml<2t 78
lrimagiszl-ali "“@QEE&; é‘l (46)9] 9_7’(]’?]_"7—'":—:-
ch3k Zo] 94y doldelz RHE 4

lo— o'l < gﬁ, [0 <V2r.- 2" 7! “7

wey eate e Pol ARWE 4A A
% gtk

|BrI<IIBl - |rls i - gt %)

7 A% G oAE HAE W Ned exd nsA) gect
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5 7kA 2AHE ¥E3dke A FAE exde
o33 P

| % =o' < ID=DIl-|2°]+]EA

< ﬁ'ﬂ-2L78'71+‘55-.‘/—2_——1 -2t 46)

=V .9L- 1( +_\/__2:__)

28 T 9By

Oy 79 L=8% A9 LARAE AL AAE
Bk o7leld eakAle 2 @M - 7
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E 3. CORDICE ARR{ FxolM g75& st=4lo

Hardware Unit Number of Unit Size
Adder/Subtractor 2xn N¢
Adder/Subtractor(Fixed) n—2 B -2

¥ 4. YA¥ quadrature E37]9] HA wo]Zo]

Input ROM-Based CORDIC-Based
WL Precision 0.5 Precision 0.5
E 1. =90} macrocellESe] WA 24 L | Be| Me| Ne| Be| m | Mc| Ne
3 6 5 8 9 5 3 7
col =3
row =25 col 4 7 6 10 10 6 4 9
30.5, N—col—2<2 5 8 7 12 11 7 4 10
x_dec ={324.0, 2= N—col—2=4
2%« M~ bit ROM 340.5, 4< N—col—2<6 6 o | 8 My 814 U
7 10| 9 16 | 13 9 5 13
Height =8.5 row +647 + 17
Width =67.5- M -2°'7° 8 1| 10! 18| 14 | 10 5 14
+ 16(N~col—2)
T x dec + 172.6 9 12 | 11 {2 |15 |11 5 15
10 13|12y 2!l17] 12 5 16
) . Height =324( | M/2] —2)+7%4
N> M multiplier Width = 167(N +1) +536.5
Bzole] stmglel u a4’
¥ bt adder Height = 8.5 ¥ 5 ¢AY quadrature B-37]9] sh=glol R (B¢ A0
Width = 170N . ROM-Based CORDIC-Based
N bit adder/subtractor H“e/iig:l; i 26005]\/ ROM | CmplxMult | Total |AngleRot| AngleComp | Total
31963020 | 5121556 | 6084576 | 1211000 415200 ! 1626200
4 (1088919 5710768 | 6799687 | 1868400 | 553600 |2422000
H 2. ROM& Al&3 7204 875E dhglo) 5 (1232668 8726740 | 9959408 | 2422000 | 865000 | 3287000
Hardware Unit | Number of Units Size 6 |1414956| 9532384 110947340] 3044800 | 1349400 |4394200
ROM 2 28 3 (Me—1) 7 |1680000] 13197652 |14877652| 4048200 | 1453200 | 5501400
8 [2156544] 14219728 [16376272| 4844000 1799200 | 6643200
Multiplier 4 LxMpg
9 [2984968| 18534292 |21519260 5709000 | 2335500 | 8044500
Adder 2 Nes L+ My 1014679592} 19772800 24452392 6643200 | 2941000 | 9584200
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E 6. Speed estimation of the hardware macrocells

28 x M - bit precharge time (£ 7)
ROM +access time (& 8)
propDelay for square multipliers (N= M)
NxM = (N'2x7.85)+2.9
multiplier | propDelay for non-square multipliers (N > M)
=(square propDelay) x (M/N)"*
addexsuzltractor Nins)
B 7. ROM precharge time
N M
4 8 16 32
6 11 12 13 18
7 12 13 14 19
8 13 14 17 20
9 14 15 18 21
10 18 19 20 23
B 8. ROM access time
N M
4 8 16 32
6 6 7 8 11
7 6 7 8 11
8 6 7 8 11
9 8 8 9 12
10 14 14 15 18
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E 9. Speed of the digital quadrature mixer (ns)

Input WL ROM-Based CORDIC-Based
L ROM| CmpixMult | Total { AngleRot { AngleComp | Total
6 19 25.5 445 35 39 43
7 20 27.0 47.0 44 49 56
8 23 28.5 51.5 54 60 69
9 26 295 55.5 65 72 85
10 34 31.0 65.0 77 85 109
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