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Research Objective

Objective

* Development of
high linear & high resolution AzZ DAC

Our Approach

* Limit cycle suppression using digital dither
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Outline

Research Background

Proposed Circuit

Simulation Configuration & Results
FPGA Implementation

Conclusion
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Outline

 Research Background




A2 DA Converter
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Merits & Demerits of A2 DAC

+ Modulator Analog output
Digital input ——@—{ " :\"“tp“z 1bit Analog|
~ f/ &« |[DAC LPF
\%
Merit
« Mostly digital circuit Limit cycle
« High linear & high resolution
for low frequency signal generation g A
Demerit @ |
« Limit cycle problem for small input I

><¢ Due to modulator nonlinearity by quantizer
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Digital input —»{)——» Z > | 1bit Analog
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Limit Cycle Problem

Modulator
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Removal of analog signal by LPF sharply

= difficult

\ 4

Analog output = Signal + Limit cycle

(Noise)
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Objective

- Limit cycle suppression
- Relax LPF requirement
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Our Approach

Digital input Digital dither signal
+ Analog output
e SN b B
U 1bit Analog
- _'I'_ | DAC LPF

Limit cycle reduction
with digital dither signal
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Limit cycle Stair Smoothness !
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Outline

* Proposed Circuit




Proposed Circult

Dither input +
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\V/ output
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Analog output

Digital input

\Y

n Dither L—» 1bit
0 'IZ —_-l> J] ) T1pAC
— Digital
XOR

LPF |—

< Features >
@D 1-bit output

A
8 0
1
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@ Digital dither

= NOT affect output signal, thanks to feedback

3 Easily generated digital dither

Digital signal “1” reverses

comparator output with XOR
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Outline

 Simulation Configuration & Results
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Simulation Configuration

€ I|n 10-bit case
Sine wave

Amplitud :
W MpH ;0 Amplitude and center value
. : o m) Controlled by number of 1's

e 7

Center value

+ /
Digital dither signal P—1 2 —"I}/\ Dither signal
Vv

Modulator output

[0]orl1]

Digital signal | —®—| > —
DC: -1~+1
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Modulator Operation

- Without dither - With dither
Dither signal

e A A e
AT g -

1000100010001000  1000010100000100

Period v Orders of ‘0’ and ‘1’ = different ~ Not Periodic
v' Total numbers of 1’'s = the same

Frequency domain
o—— DC signal power = the same

?\.

Power [dB]

Diffusion

Frequency Fs/2
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10-bitcase  Slmulation Results

Sine wave Amplitude:0.094 4

P Y24 E[;
% L N~ T_ 2
Center value:-0.520 n
DC =0.1 _T: > lj; =) r
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10-bit case
DC=0.1 SFDR (Spurious Free Dynamic Range)
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Signal Power

SFDR = pr=simium Harmonics Power

SFDR =5.4dB < 22.9dB

Convew/signal Power Proposed
5 * \Q ‘

@

20 t 20
@ -40 5 -40
S, O,
o -60 & -60
Q Q
3 3
S 80 ) S -8
-100 -100
-120 Maximum Harmonics Power

Frequency Fs/2 Frequency Fs/2
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10-bitcase SFDR Comparison
0.18 . DC Input ]
o1 AMPlitude e 05 1 /15( Amplitude  Digital dither
09 o4 o[>
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e I VT EB
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“IIIL"Varin DC input
SFDR [dB] ying ==
40
3 . |Withdither ~ —®—
30 b Without dither = g =
25 ‘

S 1
DC Input

SFDR improvement

by more than 10dB
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Outline

« FPGA Implementation




Design Modification for FPGA Implementation 1822

@ Digital sine wave

L = Triangular wave
Complication <

@ Change amplitude and center value
= Use approximation

Amplitude:0.256
v/
13
i 12 : 14

Triangular Wave ,
? \/ T / — _I_ 7 Reg MSB

l_ 14
Change n v

@ [ center value |

MSB

Approximation DC Input

DC A 12 — 17

0.9 Center Value ,




FPGA Board & Output Signal Waveforms **

Xilinx
Virtex-6 ML605

1 &£} waveform - DEV:1 MyDevice1 (XCEVLX240T) UNIT:0 MyILAO (ILA) - oo

(Clock Freq. 50MHz)

Bus/Signal X | o 9:" 1?“ “I“ 1?2 1l|13 1||14

1 Dout il 1] | .
; | RESET 1
| & Din 100 100

Part of output waveforms
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FPGA Measurement Results

-10-bit case

SFDR [dB] Difference between conventional and new
30 2 T

15

1
-0. .4 0 04 0.8

.5
1 DC Input

-1.5

-0.8 -04 0 04 0.8 l N
DC Input ' Difference between numbers of 1’s

With dither ~ —®— = within = 2
Without dither ==#c- ( >¢Total number is 1024 )

@ SFDR improvement » @ Linear DC

= more than 10dB
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Outline

e Conclusion
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Conclusion

< A DA modulator >

Conventional: Limit cycle problem for small input

\ 4

Proposed: Using digital dither

« Limit cycle reduction = Relax LPF requirement
« SFDR improvement by 10 dB

« Linear DC

« 1-bit DAC following a modulator thanks to XOR

« FPGA implementation
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Human & Circuilt are the Same

p
We can NOT concentrate

at completely quiet place

Small ‘noise’ is good environment  Philip E. Vernon
British Psychologist
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App. 10-bit case Latter LPF 2522

DC=0.1
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DC input +r 5 T
T 2 out | 1bit Analog
! _-I-_ | DAC ) pr [ Analog output C

.

Cutoff frequency = 100Hz

D|g|ta| G Analog
Relax LPF requirement

Prop.

CONV. | = 1001z f = 100Hz

- 1-order 1-order

|
|

/\3

9-order

-20
2-order

-order -o

- 2-0l

Li, --l--hhl.ll 3-0
T

-60

Power [dB]
8
Power [dB

)

-80

-100 -100

9-order

\ \ 20-order
-120

-120
30-order Freeney Fs/2 30-order  Frequency [Hz] Fs/2



APP. Using XOR gate 0125

® Proposed circuit | |
Using XOR gate 1-bit DAC following modulator

— 12 }\ Dither
J7—/
The conventional

J

® |nput dither before A2~ modulator
Dither

W

® |nput dither after A~ modulator

Dither
_|_

: o gy 1 lDAC—

» Increased noise
due to dither adds quantization error » Multi-bit DAC
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App.

QLEETAFANESIZIHzD EKREA S LAY,
HE1Hz[ZLF=-DHh ?

Al: Because the sine wave of 1Hz is very simple. Also, | think | do not want to
input the larger noise.

Q2:EDN KL THBELHRIE, FIMEZRDI=-DH ?
A2:l determine the amplitude and the center value for maximum SFDR.

Q3:SFDRTEEEL TLNE A, BEXICLPFAAHAD TUI YT AU ILITRE R EID &%
Ml ARETIX AL, B SRKAITEHEL TWLADH,

A3:Because relax the most of LPF requirement.
In addition, SFDR is simple indicator, and can apply the various signal bands, such
as DC.
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App.

Q4 EF LB/ THAINT0IFEIFTLIZXORTRIEESEADIL, ETEX
ERTAH VAR ZANTNBRERSIOENKRLKLGEDOL, IMNEWTAH DA
MINSWNERZELLZDD TIXLELD DY,

A4:The modulator output of the proposed is the same as that of the conventional.
So, the proposed circuit has no problem.

Some audio systems have the limit cycle in the signal band.
So, the limit cycle cannot be removed by LPF.
It is necessary to reduce the limit cycle in advance.
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Al Simulation Results  10-pit case
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10-bit case 30/22

ap- - Simulation Results  pe = g a5

Signal Power
Maximum Harmonics Power

SFDR = 2.16dB < 16.33dB

SFDR =

Conventional Proposed
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App.

Simulation Results
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14-bit case

SFDR [dB] Difference between conventional and new
60 1
]
50
0.5
40
30 : U
AT AT
AL . DC Input
10 A,A*" !
A Ayhak A
&, *A‘AKA“A\" e
-:M : -0.5 ’ 0 0.5 1 u h U 1 u u
with dither  —®— | DC Input = Difference between numbers of 1's

Without dither = ===

= within = 1
( > Total number is 16384 )

@ SFDR improvement
= more than 10dB

» @ Linear DC
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Ae- | Simulation Results

SFDR [dB]
60 16-bit

Difference between conventional and new
1

DC Input
1 1
4 M
10 AX
K “‘M “A‘H“X
e DC Input
1 05 0 05 1 npu -1 ( % Total number is 65536 )
SFDR [dB] 18-bit | Difference between conventional and new
DC Input
R 1
10, Fha
m‘*“‘l‘“"‘n‘a‘ ¥ . .
4 05 0 05 X DC Input ( > Total number is 262144 )

Difference between numbers of 1’s
= within = 2

@SFDR improvement = more than 10dB »@ Linear DC

With dither —e— Without dither --A-
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A Second-Order A2 modulator

10-bit case

+ +
Modulator output

|
|
|
|
{

Power [dB]
8 83388888 o

Frequency Fs/2



App.

-0.5

-0.6
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Approximation of Center Value

DC Input

0.1 0.2 03 04 0.5

|

Taking this value

Center Value
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ApP. Noise Shaped 10-pit case

Sine Wave
Amplitude:1.0 4
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