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ABSTRACT

The objective of thisthesisisto design a Class D audio amplifier based on digital
Sigma-Delta Modulation. Comparing to the traditional Class A or Class AB amplifiers, audio
amplifiers based on Class D topology are more efficient in terms of energy conversionand
have low cost. Class D amplifiers commonly rely on Pulse-Width Modulation to generate
the output switching waveforms which often result in problems such as harmonic distortions.
On the other hand, using Sigma-Delta Modulation it is possible to design the loop filter so
that the harmonic distortionis reduced. However, stability problem occursin designing a high
order Sigma-Delta Modulator. This thesis will analyze and implement a stable digital
Sigma-Delta Modulator, USB interfaces, and a switching power stage to complete a full

digital audio amplifier.
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Delta Modulator Frank de Jager[9] 1952
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power stage
Delta Modulator
Sigma-Delta modulation Inose 1962 [10] Delta Modul ator
DeltaModulator  power stage signa stage signa
2.2.2(a)(b) 2.2.2(b)
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Di gital-D8l gmaModul at ¢

1987 1bit SDM [14] 2004 [5]
SDM 3.1 n SDM
r[n] y[n] Xn [n] Xn- 1[n] Xl[n] an bn an— 1
b,y a, b o hoa 1y
rt] 1| [Nl xe[n] 1| xalnl y[n]
Q 1-zt [~ Q 1- z71 —
In l1
bn by
3.1n Sigma-Delta Modulator
n SDM Noise Transform Function X [n]
SDM
3.1

n  Sigma-Delta Modulator

31 State equation



i x1[n] = x4[n- 1]- byy[n]+a.x,[n]P Xl(z):a%(z(z)%- Yz)g bl_l
I 1 g.:!.- Z
?Xz[n]zxz[n' 1]‘bz)/[n]"'azxs,[n]ID X2(2)=§%(3(z)2—2- Y(Z)g b2_1
i ) 2 gl- z
i ’ .
; xn[n]:xn[n-l]- bny[n]+anr[n]b Xn(z):ga??(z)Z—:- Y(Z)§1 b;_l
(311 (312 (313 X,(z) R(z) Y(2)
B2 vt B ()22 y(r)2 Be QA by
)= Bos 2 VR = B )2 v e v
5 0 0 0
:99(}...% an 0 b, %a,, Y 99 b, —ﬂ : b,
e L=
X,(z) = F@R(2)- Y)W (2)
F(z):% , a=aa,--a,
__N@
W(Z)_(z-l)“
N(z) =by(z- D" +Dbya(z- D2+ +(b,a,., - a,a,)
Flz) wi(z) n SDM
firl - XN [r]
F(z) T W(z) —’
311 n  Sigma-Delta Modulator

Noise Transform Function

3.1.1 additive noise model  1bit

13

(3.1.1)
(3.1.2)

(3.1.3)

(3.1.4)

(3.1.5)

(3.1.6)

(3.1.7)



eln]

r “ J\ m
— F(z) = W(z) + y

N

)

3.1.2  additive noise model n  Sigma-Delta Modulator
eln] Sigma-Delta Modulator ~ Noise Transform
Function
NTF (z) = _r (3.18)
1+W(2)

Xm [n] ,m=2,3, n

Y(z) R(z) X,(z) (3.1.49)

Xi(e)= oRE)- YW@ P V() =F@R(E)- fxil) (319)
X,(z) R(z) X,(z) (311 (319

X,(z) = (a,X,(2) - b,Y(2)) 1 t'l = gélxz(z) - blgﬁ(Z)R(Z)' ﬁxl(z)%l_ 12_1

b xz(z):a_llg- 2 by )jl( 2)+ Z—iF(z)R(z) (3.1.10)

X,(2) Rlz) X,(2) 312 (319 (3.110)

1 ® 1
ga X ?(Z)R e Xl(z)}?gl-z'l

b xa(z):bzp(z)ce(zwu ,0) §—2x1(z)

2

_ (1 z’ el b_1 _ by
= b,F(z §a1§ )+ 2L ERE)2- P2 x ()

W(Z) o ay g A

@z >b_1+b %

gaz & P g

-1z )—ﬂ ab, )<1()
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1, (z- D"

1 0
(1-2'1)2-b 1-z% - ab, X (z
g 1 _N(E)_ 12Ql1()

_@-z0b R(z) +—

§—al bzg_(_j

Xnl2) Rl2) x(z)

__a*A() B(z)
Xm(2z) = P R(z)+ Py X4(2) (3.1.11)
— m 1(2) 112
Ante) =il (3112
B ()= 4 2822t *Npa(2) "(2- 9 (3.1.13)
i=m Ni.1(2)*Ni(2)
(3111 (3.111) (3111 X [n]
allAm||¥ B
" m||ss¥ a,a, ay " ||ss¥ W" 1||ss¥ (3114)
2
SDM
31 I, SDM  x,|n| x,[n| y[n]
321
X2[N] 1 xa[n] yln]
Q 1- 271
l1
by

321 Sigma-Delta M odul ator

state equation

'Xl[n] Xl[n 1] alxz[n] by [n]
|y[n] S|gn(x1[n]) ’ (320



)= 2oxale)- L2l = Bl iy (322)
yjn]  bounded output x,[n] bounded input  state variable x,[n]  bounded
SDM X, X, x, bounded
X, (3.2.3) x, bounded (3.2.4)
bl =v=gihl
%, [n] =V = x,[n]* Dx,[n] < 0 (3.2.3)

(82.1) let Dx;[n]=xy[n]- x4[n- 1] =a,x,[n]- b,y[]
bV =xy[n]* Dx; [n] = - [x4n] * [- assign (xy[n]}x, [n] + by 1< 0
b, | < b 1 |_b

o <| _b 3.2.
2] | 2[]| |alsign(xl[n])| |a1||sign(xl[n])| ay ( 4)

[xo[n] <1 < % (3.2.1)
1

DX [n] £ (a1 +by) (3.2.5)
Xy (a,l +b,) (3.2.3) x,[n]>0  Dx,|n|<0 x,[n] <0
Dx, [n]>0 X, [xa[n] (@, +by)
¥l £ il +by) (3.2.6)
kel<1 <22 x, bounded SDM (3.2.2)
1
SDM
31 321 SDM B SDM 322 xsln|
Xa[n| x|l yhn]
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|
|
X3N] 1 xa[n] L y[n]
° 1- z1 : —
|
12 |
o)) |
|
3.2.2 Sigma-Delta M odul ator
I2
Xal2)= — b Xo()- b ¥(e) (327)

(322 (327

Xz(Z) 22 m b ( ) (3.2.8)

b X,(z ) X5 (2)+ 22 (3.2.9)

characteristic equation=N, (z) = bl(l- z '1)+ b,a,

X; x, bounded x,  bounded

SDM level | clipper x, saturation function
sl ) ohase
(3.2.4) [xo[n] <1 < gll x, bounded (a,l +b,)
clipper X, l, +1 | =1
x2[n] <1<2—1 N, (z) x,  bounded input SDM
(321) (329 SDM

a,a, () l- z°

Y(Z):w)(3 z)- N,z Xl(z)
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n SDM

(322 (3.2.8 SDM cascaded subsystem n SDM
n  cascaded subsystem 323 tn| x,[n] xsln]  x,[n]
x,[n| bounded noise  y|n]

| |
| |
21 () xa[n]
| |
N |
b,ft- 217 ! b,
Ny 1(z Lo N, (2)
o
r[nl 1 /L o[t x}[n] 1 X2
CH v B2 o .
- i
bran.1-- @3y : : bya, :
N,.;\z : : Nlizi :
' RN i
Subsystem n | | Subsystem?2 | Subsystem 1
L |
323n SDM cascaded n Subsystems

o] <1 <1< % characteristic equation=N_(z) , m=23,--,n
1
rflr]  bounded input n SDM [15]
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SDM
Sampling Frequency=2.8MHz
NTF- adigita high pass butterworth filter 0.0851t
6
NTF = (z-1 (by Matlab)
z% - 4.9684z° +10.3609z* - 11.59847% + 7.346522 - 2.49517 +0.3548
BTF=AX 1+ | Ts=2 BAHr
10° | ; e
i)
11
10" |
10
107
11 = :
10 10 ad 11
3.3.1NTF frequency response
(3.1.8)
W(2) = 1- NTF _1.0316 z° - 4.6391z% +8.40167° - 7.653522 + 3.50497 - 0.6452
NTF (z- 1)6
(3.1.6) (3.1.7)
b, =1.0316 ,b,a, =0.5187 ,b,a,a, = 0.1607 ,b,a,a,a, = 0.0321,
b.a,aza,a, =0.0039,bsa.a,aza,a, =0.0002244 (3.3.1)

19



(3.1.5)

11075 >1>|x,|
a4

F(z) = 2
(3.24) (326) (331
b, =1.02 a,=08
(3.1.14)
4545 .3a 0.6099
el » = Moo * =5 bals £2
1 1
2311 .4a 0.2088
bl » 2o Ha gl £1
716.1a 0.0449
||X4||ss¥ > a;a,a, ||r||ss¥ * a;a,a, "Xl"ss¥ £1
||x5|| 5 143a ||r|| N 0.0058
¥ aja,aga,’ ¥ aja,asa,
17.4a 0.00035

X6 [lssy »W||f||ss¥ +W||Xl||ss¥ £

ol £1

1

1.03162z° - 4.6391z* +8.40162° - 7.653522 +3.50497 - 0.6452

4], £ (@il +by) =182

M. £1 [xd£182 a, =08 (332 a<4.1827 *10°° a=39*%10"°
(3.3.3) a, >0.3737 a, =0.38 (3.3.4) a; >0.2394 a; =0.24
(3.35) a, >0.156 a, =0.16 (3.3.6) a; >0.0884 a; =0.089
ag =0.0375 (3.31) b, =0.6484 b, =0.5286 b, =0.44 b, =0.334
bs =0.216
331 SDM
a,; =0.8 a, =0.38 a, =0.224 a, =0.16 a; =0.089 | ag =0.0375
b, =1.02 b, =0.6484 | b, =0.5286 b, = 0.44 by =0.334 bg =0.216

20




]

E’_’ 3.8e5 1.031627-4.639 1248 40162%-7 65352°+3.50492.0 5452
1.031625.4 539128 4016237 653522+3 504020 6452 20625 15242023 152262+ 1

1kHz

¥

o
&
]

F n

3.3.2 SDM Matlab model

333 Matlab 1KHz  16bit SDM

FFT

To Workspace

single bit

Output frequency spectrem
0 T T
B0
o
b=
a
=
=
=
]
g |
= I|
Fo
100 - Fia
/" '\x
o~ \ #
i Y
_ i ]
e 1%
_15_0 i .||.||||. L IR TR S O 1 i I R A R | i I e | L P B |
10' 10° 10 10’ 10" 10f
Frequency (Hz)

3.3.3 gingle hit

2.8MHz SDM
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Sampling Frequency=705.6KHz

NTF- adigital high pass butterworth filter 0.0851t

4
NTF = (z-1) (by Matlab)
z% - 3.3029z°% +4.14152% - 2.33137 +0.4963

KTE=1A 140}, f5=T05. 65 H2

3.34NTF frequency response

(3.1.8)

_1- NTF _ 0.69712° - 1.85852° +1.6687 z - 0.5037

W) NTF (z- 1*

(3.1.6) (3.1.7)
b, =0.6971,b,a, =0.2328 ,b,a,a, = 0.0431,b,a,a,a, = 0.0037

(3.1.5)

a
0.6971z° - 1.858522 +1.6687z - 0.5037

(324) (326) (337

F(z) =

b
b, =07 a,=06 i =1.167 >1>|x,| |xu|., E(asl +b;) =13

(3.1.14)

(3.3.7)



I e (339

Pl > 2 M+ il £1 339

Pl > 5 e 5 aa Ptk £ (3310)
. £1 [ £13 a, =06 (3.3.8) a <0.0011 a = 0.0009 (33.9)
a, >0.2247 a, =0.23 (3.3.10) a; >0.129 a, =0.13 (3.1.5)

a, =0.0502 (337) b,=0388 b, =03122 b, =0.2048

3.3.2 SDM

a, =06 a, =0.23 a, =0.13 a, =0.0502

b, =07 b, =0.388 b, =0.3122 b, =0.2048
Ml . 0.0008 06971231 85552241 668720 5037 J T

LI ™ osoviz31.88852241 s8e7z0 5037 2L a4zt EzZ gz il o
1kHz Sign To Workspace

F e
3.35 SDM Matlab model
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1KHz  16bit SDM single bit
i Output frequency spectrem
50|
2
100 i
-150| II.|_\I 1 I ||||||.=;. |I 1 I”Iq
10 10 10 10 10
Frequency (Hz)
3.3.6 single hit
705.6KHz SDM 5KHz
5KHz SDM
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additive noise model e[n]
xn] - X, <xh]<X, X, (B+1)bit
XIn] = Q(x[n]) e[n] = Xinl- xin] - DJ <eln]<DJ
X
p-%n (4.11)
Quantizer

‘M%W ] Q( )

(0
o N

X[n] = Q(x[nl)

¢

X[n] = x[n] + €[n]

e[n]

4.1.1 additive noise model for quantizer



l_‘di ]

4.1.2 example of quantization [7]

€) X[n] =0.99cos(%) (b) x[n] 3bit
(c)3hit en] (d)8hit e[n]
eln] en en xn uncorrel ated

e[n]

distributed white-noise sequence PDF Probability Density Function

p(e)

N | O
N o

4.1.3 e[n]

26

uniformly



(B+1)bit e[n] variance
?/2 2 2B /2
< 51 22 27Bx2
s2= oez?de T
?/2
SNR(Signal to Noise Ratio)
2 %02B_.2
SNR =10l0g,, (CX) = 10 |og10(122—25X) = 6.02B +10.8 - 20 log,, (2™
Se X Sx
-30
CD  16hit variance s?2= 212
[n] X 72
X|n Sy =—F—
P J2
X, *+[2
SNR =6.02*15 +10.8 - 20logy(—* ——) = 6.02 15 +10.8- 3 » 98dB
p
4.2 Oversampling
4.1 additive noise model noise power  Oversampling Ratio
421 x,(t) bandlimitedto W, xn] x,(t) M Oversampling
Ratio T=—L_ ¢ n] LPF
WM
% X|[n] x[n] el[n] e[n]
x[n] = %[n]=
X, t) x[n] LPF
i X|n|+ en X/|n|+ e¢n
Oversampling [n] + e[n] V. =pM M
__p
T WM e[n]
4.2.1 additive noise model
eln] wide-sense-stationary white-noise process with zero mean
variance
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2 §

Se =Ty (4.2.1)
autocorrelation functionf ., [m] = s 2d/m] power spectrum density
Fee(e™)=s2 V| <p (4.2.2)
x,(t)  bandlimited PSD F,, (W=0, [W3wy xn] x,(t)
x[n] = x,(nT) WM PSD
p
mwl-Llp &VO P
F ule™) TPl My (4.2.3)
[n] = x[n] + e[n] PSD 422
total power of e[n] = Lok (ejw)dv =L & szay :Sz:z:i%gz
2p0p ee 2p0p © ¢ 12 12% B &
= i‘p jw :i‘p/M jw :E*E*WNM:
total power of x|n] > O, F (e }1v T Oy pF 5 (e )dv > M W,
Oversampling total noise power noise
power
e [n] eln] PSD
Foe(e™)=s?  |<Z (4.2.4)
x,[n| xn] (4.2.3) PSD

28



Fxlxl(ejw):FXX(ejW) |V|<%

%,[n] = x,[n] + e,[n] PSD 4.2.3

_ 1y whe _ 1 oM, s2_ D _ 1 aXp,¢
total power of e [n| Z_pOpFelel( )dv =55 O Se® = = o = o5
- 1l _ 1 p/m _1,2p, WM _
total power of Xl[n] = Z_pOD X|X|( )jv _Z_pOp/MFXX( JW)jV = S =W,
Oversampling total noise power
Oversampling Ratio Nnoi se power
signal power Oversampling Ratio SNR

4.3 Noise Shaping of SDM

421 Noise Transform Function 431
bandlimitedto w,, xn] x,(t) M  Oversampling Ratio
T= WEM eln] éln] Noise Transform Function
LPF x,[n|

29
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inl el eln]

X xIn )A([n] = X [n] =
a(t) Oversampling [ ]@ xn] + é[n] y CL:P;M x[n] + e[n]
To_bp &[n]
) NTF

eln]

4.3.1 additive noise model with noise transform function

éln] Noise Transform Function PSD

Fas (eJ'W)= Fee(eiw)* NTF(eJ'W]2 =s? NTF(ejWXZ IV|]<p

WM
P

n]  x,(t) x[n] = x,(nT) PSD (4.2.3)

[n] = x[n] + &[n] PSD 4.3.2

4.3.2 the power spectrum density of [n] with NTF

p

total power of é[n] = %épFéé(eiW)dv == 0,Fe ) e (eJWdev




total power of xn] = %gpFXX(ejW)jv :%&/MMFXX(GJW)W :%*%*WBM =W,
e[n] én]  PSD
Foolo? )= F e )= F e e | =s2helen ] ] <p
x,[n| xn] PSD (4.2.5)
%,[n] = x,[n] + e, [n] PSD 433
1_ WM
F XiX| (e jV )\ ! P
F €& (e v )
-p P v
M M

4.3.3 the power spectrum of the output %, [n]

@4.11) (421 (422

the quantization-noise power in the output = total power of e |n] =

2i(‘)p |e|( Jw}jv ‘ié)p/:wMFe@l(ejw)jV :iggrﬂMFéé(ejw)dV

2p 2p
25 OF b e[ o = g stpreer fay
1 1aX
:2_(*;p/ _Zgz_% |NTF(eJW] dv
(4.2.3)

the signal power = total power of x,[n| =
1w jw _ 1 pim w _ 1 pim o w _ 1w
2p OpF XX (e )jV 2 Op/MF XX (e }jV 2 Op/MFXX( }i 20 Q/W XaXa (jW)dW

bit Oversampling Ratio NTF noise
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PSD noise power SNR

3.3 Sigma-Delta M odul ator

Noise Transform Function

(e™-

NTF (ejW)= : ‘ : .
el - 3.3029e " +4.1415e/*" - 2.3313e™ +0.4963

X =1

(B+1) bit Quantization => B=0

Sampling frequency = 705.6KHz

total noise power =

1 J5p/3528 15@( 0

NTF JW]
2p05p/352812 23 | dv

1 &p/3s28 1 el 0| e -1

S5KHz

|2

=&
" 2p Oopr252.612 20 s [ - 3.3020€ 7" + 4.1415e P - 2.3313¢™ +0.4963)|

=1 sgg4+107
2p

x,(t) X, =1 variance s%

total signal power =

1w o 1
2_p QM\J F XaXa (JW)dW - 2p

asignal  power o 1 9

SNR =10 Iogg = 10log g
noise power g 984 *10°”

SNR

(4.3.1)



1.1.2 Modulate and

Amplify PC 16bits single
bit uUsB PC FPGA
Sigma-Delta Modulator power MOS power
stage
USB Channel Channel

1bit power

UsSB Sigma-Delta Power
Audio Device Modulator(FPGA) Stage
51
FPGA 705.6KHz SDM 44.1KHz 16hit

PCM single bit USB

44.1KHz 16bit PC FPGA 3.3V
power stage FPGA 3.3V
705.6KHz power stage
705.6KHz



5. 1IUSB

USB  Universal Series Bus( ) USB 7-hit

USB

127

o Sy Bk
CHICD /AN
o \, e
e —mA
x’; " Fuen k‘_]:[ul:.i-) Func \w’f’; \; Hi
— ."fr \'\
_() rJ_ _,.-_\-:\ll {,:l" — :\ b f,-')r/ ;}
f G G \/
' { s
,fl [ Fomc } 1\l"'-." .frf
51.1USB
USB hub  function host host hub
function 7 host USB host master device
host
USB (Control Transfer) (Interrupt
Transfer) (Bulk Transfer) (Isochronous Transfer)
CRC(Cyclic Redundancy
Check)

uSB



MPEG-1

(Polling) USB 12Mbps
Ims 255ms 1kHz
USB
51.1USB

(Byte)
8 16 32 64
1 64 1 255ms
1 1024 Ims




CypressAN2131Q USB ( 8051 Core )
DMA- Cypress USB AN2131

USB1.1 12Mbps

ROM 32K RAM
(Keil C Compiler)
8051 Core CypressAN2131Q USB 8051

PO P1 P2 port 8051 1/0

5.1.2 DMA- Cypress USB AN2131



1.Kel nVidon2

USE_LEDc #J..nc lude <§z regs s
#include <intrins.h>
dacrasl )
; . #include <fx.h>
Tzbjmpth.aby

extern BOOL Sleep:
extern BOOL Rwnien:
extern BOOL Zelfpur:

Files @ I @E I I*J"IJ"FTlTI'IRT) Teat:

[E)File Edit ¥iew Puoject Debug Peripherals Tools S¥CS Window Help _1=] EI|
S =N A R A A Y noin <] &
__@|§|@||ﬁ|ﬁ|@@@ Next Boplmark
@ILIIEI|£<.|HID =l
2= // CH25 USE HID LEDE:S4&3% (#orPERIPH.C) 01,/05/02 g
=-£3 HID
=3 Source Group 1 #pragma NOIv
(. FowHID o #ginclude <ezush.h=

- |#] Ezush.lib extern BOOL Got3UD;: /7 FEELE AR

Hlassembling dscr.asl...

linking...

creating hex file from "ush_led"...
"ush_led" - 0 Error(s). 0 Warning(s).

A[ AT+ T Buitd £ Command #_ Find in Files # |EN

Moves to the next bookmark | |L:1 Z:1

5.1.3Kel nmVison2

Ccode Kel nVison2 for Cypress AN2131Q USB

37
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2.EZ-USB

EZ-TTEE Control Panel - [Ezush-0]

.I'Eﬁ File Edit ¥iew Options Tool: Window Help
B @] S]] e | taet [EzusB 2 x| [err]|
|Gf:t Pipe Info j f)aendl Device |E2ush—l] v| [Ciear] | Loadtten| Sty |

Getl:le'.ll Getl::-:-nf' GetPipes' GetStringl D-:-l.-.lnl-:-ad..l HE.L.;.adI EEF'HIIIM..l UFIEIStatl H|:||_|:|| RN |

vendFea| Req [0xA2 | Value[0x0000 | Index[0xBEEF | Length[16 Dir[1IN v HexE:

lso Tran5| Fipe | j Packets |1 28 | Size |1E | Buffers Frames
Bulkn’lntl Pipe | j Length Hex Bytes |5

He;etF‘ipel .ﬁ.l:n:-rtPipe-l FiIeTranE..l Pipe | j SetIFacel Inteiface D AltRetting

EZ-USE Control Panel — built 11:31:58 Sep 17 2002
G2t Pipelnfo

Interface Size 16

For Help, pres= Fl | |I'IT_TM | o
514 EZ-USB
EZ-USB hex  download
Cypress EZ-USB (2131Q) USB hex USB



5. 3.USB

USB - PC USB 8051
1/0 - FPGA
1.USB
44.1KHz 16hit USB
audio
Ims 1ms 4 45
16hit
USB audio USB USB
USB audio [
5.1.5] Descriptor Descriptor
[17]
Device Descriptor  Descriptor
Configuration Descriptor Descriptor Interface
Audio Control Interface Descriptors 4  Descriptors

Standard AC Interface Descriptor AUIDO Class Endpoint

Class-specific AC Interface Descriptor Streaming Interface

Input Terminal Descriptor Terminal type thisinput Termina 1D

Output Termina Descriptor  Output Terminal ID  Source Terminal ID  Termina type

Audio Streaming Interface Descriptors 6  Descriptors
Standard AS Interface Descriptor(Alternate Setting O) AUDIO Class Endpoint
Standard AS Interface Descriptor(Alternate Setting 1) AUDIO Class Endpoint

Class specific AS General Interface Descriptor Format Tag Terminal Link

Format Type Descriptor Format Type Channel Number Sampling Freq. Frame Size
Standard Endpoint Descriptor  bytes per packet packets per frame Endpoint Address
Class specific Isochronous Audio Data Endpoint Descriptor  Descriptor Type

39



Device Descriptor

Configuration Descriptor

Audio Control Interface Descriptors

Standard AC Interface Descriptor

Class specific AC Interface Descriptor

Input Terminal Descriptor

Output Terminal Descriptor

Audio Streaming Interface Descriptors

Standard AS Interface Descriptor (Alternate Setting 0)

Standard AS Interface Descriptor (Alternate Setting 1)

Class-specific AS Genera Interface Descriptor

Format Type Descriptor

Standard Endpoint Descriptor

Class specific Isochronous Audio Data Endpoint Descriptor

String Descriptors

Manufacturer String Descriptor

Product String Descriptor

5.1.5 USB Audio Descriptor




String Descriptors 2

Descriptors

Manufacturer String Descriptor company name
Product String Descriptor  product name

USB audio

— USB audio

uSB

BEE BTW R A

PC uUSB

USB Class

BED HITW WRED HAW

0 | SR A sRE

= [ EHS 2 A cRa

-8, T RERE RS8R =] -8, B ¢ REREEERESE =]
----- ©, Altera ByteBlaster @), Altera ByteElaster
----- B, ilters Programimer @), Altera Programmer
----- B, CMIBTIBACIDE PCI Avdin Device ), CMISTI8AC3DE PCI Audio Device
----- @), Creative AudioPCI (ES1371,E31372) (WD) ), Creative AudinPCI (ES1371,ES1373) (WD)
----- @), tame Port for Creative ), Game Port for Creative
----- B, Legacy SEEESHTE ), Legacy SENEEENIESS
----- ©), Legacy HREAKEEILEE
----- . eSS
----- D), RS B
----- D), HEATERESS -0, IR
----- O, EUEEEE @), HEATERESS
L | OO B, B EErE
- B - BRAE R
- BRTREEG - EREE
- ARSI AP | -2 BRI b
Cyp 7 £-eg SRR TR ST e
UZEE Root Hub UZE Composite Device
fis TSE Root Hub TEE Foot Hub
62 VIA Rev 5 or later USB Universal Host Controller ; UZE Root Hub
B VI Rev 5 or later TTEE Tniversal Host Controller =] (&g VIA Rev 5 or later USE Tniversal Host Controller =]
| | | |
516 USB USB audio Class
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2.80511/0

Ims
count
1Byte count 1
Cypress USB

8051
high byte  low byte
(chl/ch2 write enable)

PCM [18]

I/0 PORT
Byte
count
8051 Core Enhanced 8051 C code
count I/O PORT
OUTPUT PORT 16bit
PORT FPGA

I/0 PORT 44.1KHz 16bit

42



usB

PORTA B C OUTPUT PORT
Enable PORTA B C
rest PORTA B C
8
8 Sof( )
Enable Sof ( )

load USB Descriptors

Enable
SUDAV
SUTOK( )
SUSP( )
URES( )
Enable USB
while(1)
517




8 ByteCount

8
PORTA B C
8
Byte PORTA Sof
8
Enable Sof
Byte PORT B
0x02 PORTC
8
Byte PORTA
8
Byte PORT B
0x01 PORTC
5.1.8



51.2USB

low byte 7 high byte low byte high byte
1 9ms 10ms
USB device e *44 vy *4
% 0 5
7 7
*44 7\ *45

PORTB

PORTA .
USB device % *44=0.786ms &\% *44=0.805ms
(1 Channel) ; ff
| |- 17.9us —  F 17.9us
USB device /// /

44 .1KHz

5.1.9USB

5.12 5.

19

FPGA

FIFO

— |—179us 0.786ms

////// //W

—| |—22 6us 1ms

44.1KHz

SDM

Ims 0.8ms

FPGA



5. 2FPGA

FPGA Field Programmable Gates Array (Logic Cell)
(Vertical Channel) (Horizontal Channel)
5. 2. Aletra FLEX10K Emul ation Board

ALTERA 10K-ARC240
10K Gates
work frequency over then30MHz
supply voltage 5V regulated to 3.3V
3.3v 10

with EPPROM

5.2.1 Altera FLEX10K Emulation Board



MAX plusll

Ma¥+phizII File Ass:tgn Ciptions Help

oncyDisky |1 2| | N2 ORBI5 1) b B[ B 8 @)
Graphic Editor
Swmbol Editor
Text Editor
Waveform Editor
Floorplan Editor
Compiler
Simulator
Timing Analwaer
Frogramimer
Message Processor

MAX+plus’li

5.2.2 MAX plusll
MAX plusll FPGA VHDL code simulation
logic FPGA code FPGA

EPPROM

47



5. 3.FPGA

1.buffer
51 USB FPGA 44.1KHz
FPGA SDM 32*16bit  FIFO(First
In First Out)
FIFO
FIFO
FIFO
FIFO
FIFO input port output port wr_enable rd full

empty clear[19]

full
empty
—N —N
- [/ [/ =)
clear
wr_enable rd
clear clear
5.2.3 FIFO



Sigma-Delta

USB device Buffer
Modulator
wr_enable rd I
|
full empty !
|
|
|
INPUT OUTPUT |
(16bit) (16bit)
|
|
|
clear
5.2.4 buffer I/0
31 31
RD
L WR
RD __ | 1 L WR 1
0 0
EMPTY FULL
5.25 buffer



2.Sigma-Delta M odulator

SDM 3.3 3.3.2 16bit
32768 16hit
521

r 1 x4 1 x1 y

Q 1- 27t 777777 Q 1-z* T

5.2.6 SDM
521 SDM  16bhit

a; = 4CCC (4ex) a; = ID70 (4ex) az =10A3 ex) a, =066 C(ex)
by =5999 (hex) by =31A9 ex) b3 =27F6(1Ex) b, = 1A36 (ex)

FPGA SDM 16bit 16bit

16hit 16bit SDM.vhdl 529 SDM
high 16bit bit
5.2.7



a
r@
N

|
R
Y

¥

g
g

O
% -

527 SDM
1 channel Sigma-Delta Modulator rd empty 16bitinput cdk clear
outputl+ outputl- 5.2.8 rd 1 pulse buffer
441K
outputl+ bit stream outputl- outputl+ bit

stream outputl+ outputl- MOS



Sigma-Delta

Buffer Modulator Damp
| rd I |
I | , I
I | I
I empty—li outputl+ :
I
I | : I
1
| I |
| INPUT toutl
(16bit) outputl-— |
| I |
I | : I
I | , I
clk clear
5.2.8 1 channel Sigma-Delta Modulator 1/0
FPGA_stereo
wr_enablel
Output1+
FIFO( Channel) SDM(  Channel)
Output1-
16hit
Output2+
FIFO( Channd) SDM(  Channel)
wr_enable2 Output2-
clear ck

5.2.9 FPGA 2 channel SDM  VHDL
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*+% DEVICE STHMARY *%

Chip/
POF Device

fpga 03

EFPF10K100ARCZ40-1

Uszer Pins=:

12MHz

5. 3Power

power MOS

Input Output Bidir Memory Memory LC=
Pins Pins Pins Bits % Utilized LCs % TUtilized

i9 100 ] ] o % 4079 81 %

i9 100 ]

5.2.10 MAX+plus Il Compiler Report

10K Gates FPGA Sigma-Delta Modulator clk

MOS

FPGA

81% FPGA

St age

3.3V

power MOS

MOS driver power MOS



6 N137

6N137  [20]

Very high speed 10MBit/s

TeLu= TpuL=45ns t=50ns t:=12ns
supply voltage : 5V

sense input high/low voltage: 2V / 0.8 V
output high/low voltage : 5V / 0.35V
output high current : 100uA

AlGaAS LED

Pulse
Generator
tr=>5ns
Zn=500 +5V

Output
(Vo)

a0 E GND E s

5.3.16N137



3. MOS drliCveé 7

MOS driver | CL7667

power MOS

[21]

TpLy=TD2=35ns Tpy =TD1=20ns t,=20ns

supply voltage : 4.5V to 15V

sense input high/low voltage: 2V / 0.8 V

output high/low voltage : Vcc / 0.05V

INB |4 —Do—

E N/C
Z| OUT A

6] V+

E| OouTB

V-=15V
o

INPUT RISE AND

t=20ns

FALL TIMES <10ns

INPUT O]

+

_'JI:_4.7uF io-wF

» OUTPUT

iH ??

r

5.3.21CL7667

_FIE €y = 1000pF



3. power NMOS | RF630

power NMOS IRF630 [22]
T=15ns Ti=12ns (Vcc=160V [p=9A Rg=4.7Q Vges=10V)
Max Ip=9A D{2)
O

Vps= upto 200V
Vih=3V —

Gl1)
Rps=3.5Q H

0
5(3)

Fy

5.3.3 IRF630

8 Power Stage

MOSdriver  power MOS power

dage 534



Sigma-Delta optocoupler MOS driver power NMOS

Modulator (6N137) (H7667) (IRF630N)
e S . -
| I av..
Y=Yy e N— ) v,
I I FE} - 7/
: [] ]
I Nrc fa] [5lanp
L o>
I I e [1] 18] Voo E E
4 —
| 1BIT-—+——¢ ald E_|>° .
Ee 5
I s " -
I I nve ] 5] GND
534 MOSdriver  power MOS
705.6KHz -1 -1
705.6*10
1.42us MOSdriver  power MOS
1.42us*10%

57



13-Jul-04
2A:32:48

-4.6

CURSORS

LeCroy

-

mode

Amplitude

e+
=
o
Q
(@)

—

E type

g v

;o | MOSdriver ' \ Absolute

2 shou

et

Slope

||-8|
=3l
)

/ T ] ReF + DifF
T 4 CUrS0rs
W-*W"HTT“““““'L + [reer] EaCk OFF m
T DiFFerence
.2 Ps cursar
1 .5 ¥ OC§ At -280 ns| L& -4.08 MHz
B .5 v OCi 1 G5/s
3 2 v OC I oc -@.4 4
4 1 v OC§ STOPPED
5.3.5power stage  delay time
50ns 15ns MOSdriver
100ns 125ns power MOS
200ns  60ns 20008 _ 1404 power stage
1.42us
250ns  60ns 250 - 60nS _ 45 495 705.6K Hz
1.42us
power stage SDM



7-Jul-B4 13-Tul-84 Resding Floppy Disk Drive SETUP OF A

8:19:14 B 12:41:55
lLeCroy :PSTFFT4) )| [Eray
28 kHz —
15,0 din
3.31 Y | B.1 &
T i t FFT]
\ ki T Functions
hi T Resample
L REN I NI ¥ s I i LRI N S L

s I ms
C i at 1.417 ps TO5.5 kHz 18 my OC
C

p
.2 voD 1
2 2my DO 1 BS/s 2 5my OC§ A:PSCFFT(42)
35 v L o OC 1.24 3.2 v O [aner Spectrum 250008 -> 25881 pts
4.5 v it STOPPED 058w OC& “—Nyguist=Z.50 MHz. AF=100 Hz STOPPED
13-Jul-B4 Reading Floppy Disk Orive SETUP OF fi
12:92:32
:PSCFT4) | fetroy L
20 kHz =
15.8 din
8.1 din
R—— o
Ty
FFT reaultj :'E
Megnitude  k 3
Phase &7
E
:
a0}
with windo
Rectangular
AC
oF- st
1230BCD
1 ms Ml M2 M3 M4
110 md DOC an|
2 5m OC§ f:PS(FFT(4)) m s W L
3.2 v oC [anar‘ Spectrum 250000 -> 25001 pts - Precquerey Kot
050 my OC & “—Nyguist=2.58 MHz, AF=180 Hz STOPPED

(c) power spectrum of FFT (d) power spectrum of FFT

( =1KHz) ( =1KHz)

5.3.6 FPGA

5.3.6 FPGA pin  single bit
705.6KHz 5.3.6(a) 5.3.6(b) (c) 10KHz 1KHz 16hit
20KHz 20K Hz 5.3.6(C) (d)
53.6(c) x linear scale 536(d) x log scae

5.3.7 5.3.8 539 <de 5.3.6



7-Jul-B4 13-Jul-84 SETUP OF f
8:25:21 B 12:35:27
feCroy T PSCFFTI4)) iaCroy T
— k. 28 kHz = r
7 16.0 din F
-4.94 v| | | 1 ] 0.1 din F
T Functions
T Resample
L r | ] , | A(FFT result—)
: I F Magnitude L
I Phase
] ] il | with windo
b F Rectangular
1 T A
E F oF
12308CD
5 ps 1 ms M M2 M3 M
.2 v s at 1.41T ps ¥, 705.5 kHz 118 m¢ OC
2 2my OC 1 BS/s 2 5my OC§ A:PSCFFT(4)) 25 MS/s
35 v L o OC 1.24 3.2 v O [aner Spectrum 250008 -> 25081 pts
4.5 v it STOPPED 058w OC& “—Nyguist=Z.50 MHz. AF=100 Hz STOPPED
13-Jul-B4 Reading Floppy Disk Orive SETUP OF
12:36:36
Math? 1
PSCFFTT4)) [iacroy 1 - ik
20 kHz = I
15.8 din 7
1 | of
] Functions !
1 Resample I &
i AFFT reaultj -
7 Magnitude :
Phase E i
B
]
| 0y
‘ ‘\r with windo
ki Rectangular
: E
1 oF |
1 1230BCD f "
1 ms Ml M2 M3 M4
110 md DOC an|
2 5m DC & —f:PSFFT(4)) 25 Mi/s E o b w
3.2 v oC [anar‘ Spectrum 250000 -> 25001 pts Precquerey Kot
050 my OC & “—Nyguist=2.58 MHz, AF=180 Hz STOPPED

(c) power spectrum of FFT

( =1KHz)

(d) power spectrum of FFT

( =1KHz)

5.3.7

5.3.7(a)

overshoot

FPGA




7-Jul-84 Reading Floppy Disk Drive 13-Jul-84 Reading Floppy Disk Drive SETUP OF §
9:88:31 B 12:38:16 usa Math?
[eCroy T ‘PS(FFT(4)) [aCroy
— T 20 kHe ——
+ 15.8 diu
-5.86 Y| | [ 1 8.1 dn
. |
Functions ‘
bt el b st BT resuit
Magnitude &
| Phase
T T [ P —uith windo
T Rectangular
T AC
; 0F:
1230BCD
5 s 1 ms M M2 M3 M
1.2 v oos at 1.417T ps I} TO5.5 kHz 110 m OC
2 2md OC 1 B5/s 2 5mv OC & A:PSCFFT4)) 25 MS/s
35 U L o oc 1.24 v 3.2 v [:aner‘ Spectrum 250000 -> 25081 pts
4.5 v it STOPPED 050 my OC 4 “—Nyguist=2.50 MHz,  A4F=180 Hz STOPPED
13-Jul-B4 Reading Floppy Disk Drive SETUP OF fi
12:31:88
-
PS(FFTT4)) [iagroy T uee 0
20 Hz = T
o
L Functions ™
i nFFT r'eaultj -
+ Magnitude 1 £
Phase E
t
:
=
ELUHIENE | I with windo
F Rectangular
+ o
T aF- £l
T 1230BCD "
1 ms Ml M2 M3 M4
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Efficient of power stage (1 channel)
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5.4.1 Low Pass Filter
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USB Sigma-Delta Modulator D
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