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B2 43stgrl. a2, DDFSole & ROM (Read Only Memory)$ AME3dedl, & £59 AL E 8
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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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JIEE Pro] At

3.1.1 7z 3]"ME(Angle Rotation Block)4] <
z}3} AgF
CORDIC ¥melEolM 2z 2uie] dzpst 4%
o2E AFE @ Foll o7 7 Ak exps} 7 3
A AA FAdel g2y oty slvh CORDIC 4
BN Az Av v #Zol » NS 7B
{a(D)}e) A3 z=Fez AL

A=sign (A) -2 arctan(D + 31 w(ida()+5  (19)

G7lM & 2+ TANe] elg @tk CORDIC
BBy 48 2AozYE st ohed Be ¥
g e

|8} < a(n—1)= arctan (27"*1) (16)
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¥ 3. CORDICE AHE{ FxolM 875 e =

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

¥ 4. YA¥ quadrature E327]9] H3A golZo)

Input ROM-Based CORDIC-Based

WL Precision 0.5 Precision 0.5
L Bp | Mp | Nt | Be n Me | Ne
3 6 | 5 8 9 5 3 7
4 6 1wl 1w] 6| a9
5 7 2l nunl 7] 4] w0
6 o | 8 [ 14| 14| 8 | a | 1t
7 | 9 | 16] 13 9 5 13
8 1|10} 18] 14 ] 105 |14
9 12 [ 11 20| 15| 11| 5 |15
10 B2 s |16

B 5. tX|g quadrature -37|9) shrglo] H& (B9):49)

. Height = 86.5

Y bit adder Width = 10 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 7oA 875 stndol 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 L Me 9 [2984968| 18534292 [21519260| 5709000 | 2335500 | 8044500
Adder 2 Np<s L+ My 1014679592} 19772800 [24452392( 6643200 | 2941000 | 9584200
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E 6. Speed estimation of the hardware macrocells

2% M - bit precharge time (£ 7)
ROM +access time (& 8)

propDelay for square multipliers (N= M)
NxM = (NV2x7.85)+2.9

multiplier | propDelay for non-square multipliers (N > M)

=(square propDelay) x (M/N)"*

N - bit

adder/subtractor] N(ns)
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 11
9 8 8 9 12
10 14 14 15 18

1728

ROME Alg3le FxdAME ROME 4 43
298 it F47)9 28N} AABE (critical
path)7} gtk Z18je2 AHA xJHA)ME ROMS &
Y AN s 47, s sldvle A
NHES C@ AtezA E 9¢) e
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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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