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FM Sound synthesizer Design using the Standard Cell Library
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ABSTRACT

The FM method used in musical sound synthesis creates sound signals with the timbre and the interval of a musi-
cal instrument by determining fundamental frequency and modulation parameters of FM. By this method musical
synthesis is possible with relatively simple structure comparing with other mehtods such as additive, substractive or
PCM method,

In this paper we studied the design circuit being able to generate real time musical sound of FM synthesis
method. And the structure of FM sound synthesis was designed and the optimum paramter values of its principle
block were tested using S /W simulation programming. To design and verify the logic circuit, the existing standard
cell library and a specific design system of ASIC{Application Specific Integrated Circuit} are used for preparing the
ASIC fabrication. The operation of designed sound synthesis circuit is finally verified by the subjective evaluating

methad hearing the synthesized sound by using self-made simple evaluating board which is attached with PC.
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A peak amplitude
we : carrier angular frequency(=2xrf.)
®m : modulating angular freqnecy(=2xf,)
I : modulation index
t :time
4 o : peak deviation
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Table 1.1 /O signal names and characteristics
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vess OP CHECK : m_state « 2 6 tima = 2.42E8
MIWmTI = ADD_S{4.12) = OF00R 0.9175
*4r* OP CHECK : m_state = 2 7 time « 2.44E4
ADR_IA{4,12) = M(WCT) « 0000R
ADD_TBI4,.132) = FiMuly s 000OR
ADD_514.12) = 0000h
**** DP CNECK : m_stata = 2 8§
ADD_1Ai4,12) = F(Aad) = 00OCHh
ADD_181(4,12) = F(¥_CP)s 0000h
ADD_5(4,12) = 0000h
"*** OP CHECK : m_state 2 2 9
ADD_IA{4,12) a F{Add) = 000OK
ADO_IBi4,12) = aooon
ADD_S5(4.12) a 0000h
MUL_IA(2.8) = FIV_CAls 100K 1.0
MUL_IBI14,8) « FIiEnv) = 100h 1.9
MUL_016,16) « 010000h 1.0
t*=* OP CHECK : m state 2 2 A Camé = 2.5E4
SIN_T14,8) 000h 9.0 O.0dey
ADD_[A(4,12} = M[WCT] « 0000h Q.0
ADD_[BI4,12F » M[aWc] = OLFFh  0.124756
ADD_$14,12) = DIFFh  0.124756
"tc* CP CHECK ; m_state = 2 3 time » 2.S2E4
ADD_IA{4.12) F1Add) = 000th 0.0
ALD, 1Bi4,12) » « 0XFFn 0,124756
ADD_S51{4.12) + DIFFR 0.124756
MUL_IA{2.8) = Fisan) a 000h 0.
MUL_TR(4.8) a F1Mul} » 100h 1.0

e

a

F RN

a  2.48E4

~ -
;OOO-OOD
cCOoOOR OO0 @
.

coaw

2.48E4

MUL_Q{&,16) do0d00h 0.0
¢ttt OP CHECK : m_atat
MIWNT] » ADD_S14,12)
oUTI14.6) = 000h 0.0

=2 CLime = 2.S54E4
OlFFh 0.1247%6
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Fig 13.Conditional data format to analyze the logic
simulation result more accurately
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Table 3.Main parameter values of the designed FM
sound synthesizer in the case of "FLUTE™

Freq. Envelope mode! Vibrato Tremolo
(Hz) | T.L.| AT. | DT R.T. | Freq. i Scale | Freq. | Scale | Offset
: {mS) | (mS) (mS) | (Hz) (Hz)
Modulator | 440 2.5 29 | 1283|009 (8212 |0 ] 0 0 0
Elrrier 440 1 46.3 {1026 0.5 128 7.8 0.1 i 39 0.05 | 0.95

T.L, : Total Level : A oY 1 A3
AT, : Attack Time : 27|58 27} 27}
D.T.:Decay Time : %7133 g3t
S.1.. : Sustain Level

R.T. :Release Time : #H-£#8 29 37}

time(n:s)
000 [6:00.5 {091 10015
(a)
0-00 100001 100002 100003 00004 time(m:s)
100
30
° \/\
50
100
(b)
00089 0009 100091 (e 00095 time(m:s)
100
50
PAAAAAANAN
-50-
100

(¢}

28 15.% 304 Foi T wpolols) 49 Flute o7&

{a)d A 2718 2% (0-1.55€ec)

(b) 7] 318 Z7F7 el ) 219 (0.048Sec)

() FT0Y HZ P 44 944(0,89-0.9385ec)

Fig 15.Waveform of the Flute musical instrument
synthesized by the given parameter values of
Table 3

(a)Overall sound waveform(0-1,5Sec)

(b)Waveform for the attack time(0-0.0485ec)

{c}Waveform for sustain time (0.89-0.938Sec)
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