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(VLSI Implementation of a CORDIC-based Derotator)
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Abstract

A derotator VLSI which compensates for the frequency and phase errors of a received signal in
digital communication systems was developed employing a CORDIC algorithm. The CORDIC circuit
directly rotates the input signal according to the phase error information, thus is much simpler than
the conventional derotator architecture which consists of a DDFS (Direct Digital Frequency
Synthesizer) and a complex multiplier. Since a derotator needs only small phase error accumulation,
a fast direction sequence generation method which exploits the linearity of the arctangent function
in small angles is utilized in order to enhance the operating speed. The chip was designed and

implemented using a 0.6 wm triple metal CMOS process by the full custom layout method. The
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whole chip size is 6.8 mm® and the maximum operating frequency is 25 MHz.

I.ME

35

A e TY B4 Asge w
e Tt e

st 57 59
71t (baseband)oll4] A

o 2= pspy] 93, 29 19 22 F2E 9ol
A&t Qleh o] FReXE FZ FuE (IF
Intermediate Frequency) %2 25 3] ukis}

* IEER, ASRBMg BRI

(School of Electrical Engineering, Seoul National
University)

B HT1998F8A10H, 4951999428 13H

of 57152 @& LAE ol gtz oiAlel] Z1AY)
o (baseband)ollA] ©IAE I ea BAY)
(derotator)& ©]-43l Falpe}t $4 L35 BARE
ot a3 19 oA" i oAb Baby] B2 o
Ae Faie P79 i A1 E ol 4sle] i
= A9ele o] $AlE flsid ROMT B
%-4711 AHg-sfol f&u}[“ '*1. %%, CORDIC %31
*&a}t HJH*_E“ : 01-‘5— % %i¢-4 31 *11—
HA7l= 7152 83 DPLL (Digital Phase
Locked Loop)elvt e £27]E w4 B840




36

Baseband

Square-Root
Nyquist Filter

coswn Data
Complex

Muttiplier

sinwn

Phase
Detector

Loop
Filter

Square-Root
Nyquist Filter

Quadrature
Oscillator

Derotator

3% 1. QAM FA1719 =

Fig. 1. QAM receiver architecture.
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Fig. 2. CORDIC-based derotator.
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Table 1. m values for linear approximation.
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m 1 2 3 4 5 6
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Table 2. Slope for linear approximation s.

n 6 7 8 9 10 i 12 13
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Fig. 8. Angle rotation block using CSA. (inphase
component)

3, CORDIC = 2AAe] A7

9o} 7o F2E zZH= CORDIC ZzAME 73
3l7] s CSA Aol "esiy, =3l o] CSA A
o] Wynto o A4S 7 ¥ $ glerE CSA
Aol 7ol FAE Fol ARy ¥ 7oA AR
H A3 A7Mble AB ¢ A BIES ¥HE
o} ohe3} L 2] g Ak

A-B+C;- (A+B)
A-B+ C,- (A+B)
A (1INl C, & A-BE olFoA= A&
A BRI G- (A+BE oFAe AEled At
FRog o)Ak A @NEYE C, = 1 APlE
A Ze AE gtk S+ e EE
B IFEE 94 1 APlE AQAzteR FER]EL
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Fig. 9. Lliyout of the CORDIC-based derotator.
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Fig. 10. Hardware model of the derotator :
(a) ROM-based and (b) CORDIC-based
architecture
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T B =79 F2EF ROM3} 24 $4b|E o
47 e} nlwsp] Hslrs ROMS 544 xR
A2} o] g7t obd WA vt dasich $-
A o] ZelE AR 913t el 2de 17
103 2?9 gam sl=gels BUR e
£ zZ= tAY Fug @471E ROMAF} B4 &
A1E AHERE S 7F Aol de] FHele L=10,
Mp=9, Np=9 I Bp=10°tk w}2pa] 29¥0x9
H|E9] sin/cos ROM# s1¥s} ROM®| &3¢ F3h
7] 913 10x9 47} 4 AN, Tela 4 A9E o
3b7] 91 9 HIE Wbl M7t Easich ROM
9 F7)= 94 sin/cos® HAAEE o8& 39 72}
2W0-Pxg w2l ROMe] Ha3skw ©]& fine/coarse
ROMS o|g3led &8ss 25x8 H]EQ| coarse
ROM$} 2°x3H]E9] fine ROMoE Y& & 9loH
fine ROM3} coarse ROM®| Z#-E tislr] 9% 7}
Alh Bast! Pl sede) aTeke Tap] U%
Ale- ¥ 3¢ A2l STDY/MDLI0 ASIC (App-
lication Specific IC) efo]Hezie} F=so] ma-
crocell®] BAAe ARgs)ge} 107

—_

23 3. stz macrocellE29] WA 34
Table 3. Area estimation of hardware macro-
cells.

Y-8
Width = 58+0g2( 2™ /Y) - 1307 + 16+ 2V »Y-85
Height = 140 + 15+ 2 /v

2¥x M u]E ROM

Width = 175+(N-3)

NX zZejal 4
M el S Height = 104+(111-3M+155+(05M-3)1+1235)

7

NAE 7M7) W@m = 175N
Height = 4

.

M| bl Width = 175N
Helght = 57

X 3¢l ROMS 7P wizle] 22 DROM
(Diffusion ROM)-& AM3I3, $AP1E radix-4
modified booth $4F71& AH8-8l9ict. CORDICS] 7
Sl 7zt Alge] dejdel= L=10, B.=10, N.=9
a8ja n=9olt} ZpE|H R CSAE 7] 2 AW
9] sl=dlo) skt FUEA slMElsden, At

4) n ¥]ES] ql¥a W vlEe ¥ uf 278 (w-1)9
coarse ROM# 2%x ¥ 2] fine ROMo] H83}c}.
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=

E:3 4. ROME AM§ 720 AME = 3l
Ao} 8.7
Table 4. Hardware cost of ROM-based dero-
tator.
Slede] Ag |94 ()| YARE (09)
Coarse ROM 258 H]E. 2 71014 28
Fire ROM 2°+3 ¥]E 2 523% not critical
77| (ROMel) AH4-:9 H]E) 2 4% 13
A (B A 10 HE <G u[E) | 4 U674 319
7Hb7] (B4 44k 110 BIE) 1 BB not critical
) (B A4 110 HIE) 1 8977 18
A 4055 940
YAHZE AHER, ROMF Bhg S4)E o)

| A dAHRE Trout Trat+ Tur + Tepa®lth
oluf, Trowe ROMo| YA ZeNA 2R3z A7ES
2 2°x8 ROMY YAHETE AMSII, Tue
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7]l AMgslez HE MSB7IX dAH=E 23
ek Ty YAAZE A8 HEESY] ZA3E o
o 9 ¥E JMPIY] AAR] Teeaoll 2 1A
AE7} IFEEE 319 v E7F e AR A
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olBa2]e] 2| PAZF AleBRE F3F+ Ao] F 4] B
Q1 wle} 7ol 94 nselrl. CORDICS] 744 A|dA|7t
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e A7l AAAIZYeAM 2 9] inverter A]dA]
R AeR FIKIch Topaye A ARl 9
3 AdoR 6 v|ES] rMbr]e} FUR AdAzte R
ARBBIAIL,  Tepatz 10 HIE 7Rb7]9] 2QdA| 7tk
CORDICS o183 722 A|AAI7EE & 504 Bal
ZA® 845 nselvh mEbA IAHR wellx oF 10
%2] A% el sk
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¥ 5. CORDIC &4 875 =g
273
Table 5. Hardware cost of CORDIC-based
derotator.
At A [ 2 (pm?) | YAZZ (ns)
7] (AR CSA I HIE) | 822 | IR0 | (043-09)+28
7Wb7] (A A3 eE) |2 1570 138
7WE7] (AAHE 13 8] E) 1 10238 122
A 518 84
V. &8

B AFo|xE CORDIC EZRAAE ]84 tjry
A4 24 HAIE Pk BSRE o)4sle] ¢
A2t BA7|9] ZEA el CORDICY ZHAAM-E
FA Aihs T AARN-E ARRsl, 7)&9
CORDIC <txe|get wlawsle] AREZ el <
24%°] &%= o] 9lqlet I, dl=dol 7S
A ZpAARRe] 79 712 CORDIC ZAIAR-
ol Hlsl 1/3 Axz Fgod tixld A oA BA
7le YAE T 719 a1 o8]t R
vl oF 14% A5 s=gle] 278 7hae} 10%9)
4% Aol glsick =¥ 112 CORDICS =
7] (pattern generator) 3 ©]-83le] z}3jAHoll=

Araks bk, A A F1R AlsE

WhE A& =8 #4718 o83l AT Aol
2l #H7IE ol83le] ¥ delelE DFT

(Discrete Fourier Transform) 4 Falod ool 4]
Azt o2y 129 zZowm FHd spurious noise”}
°F -60dB A=<l AL & F ok AA A F 43
A= 3.3x1.7 mm’e] WALS, AAARE 0.8%0.8
mm®8] WAL AFEHeH, VOE A3 A =
WA 2B 9] A= 11,400 Aok &4 A #Ha F=b
FI= 25 MHz, A A%+ 318 mWe ok

a2 11, Fr)He s ulEEE 7b qlealel 2 93
Fig. 11. Waveform : periodic frequency input vector.
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