AN-804 Improving A/D Converter Performance Using Dither

I3 Texas

INSTRUMENTS

Literature Number: JAJA257



Oooooooooo A/D
gogooboobood

1.000
00000000000D00000000000ADOODOO0DOD
Oooo00moo0o0000000@Oo00O000oo0Dnmoon
0000000ADOODODODODODOO0ODNODO0000Dn
gooooOo0oo0oOoOoo0OO0O0O0O0o0O0OoO0OO0O0ObDOoOooO
O0MmO0o0000o00000000000000000@000
godooo0O0oo0O0O0oooo0oO0O0OoO0OO0O0O0O0O0bOoOooOoOO
O00ooo000b0000000000000000O000000
godoooooooooooooooo

00000 oo00o0000mOo0oo0oo0oob0ooo0o0
jooo0obOO000ODOO000OO00DODO0OLSBEI 00000000
000000000000000000000000000000
00000000000b00bo00o0 1/3LSBrmsl 000000
0000000000000 00000000000000ADOD
gooooOo0oo0oOoOoo0O0O00O000DOOO00OO0bOOOooOoOO
0000000000 SNODODOOoooooooooooonoon
godooobooOoob0OO0oO0obOO0O0Oo0OO0O0O0O0O0O0OOO0oOO0
0000000000o000000000000000000000
jgooooOo0oo0oOoOoo0O0O00O000bO0DO0O0O0bOOooOoO
000000000000000000000000000000
00000 MOo000M0o00@o0000000000000
0O00o00b0O00000000000000000000
gooo0oO0o0oo0O0Odo00b00mOoooboOo0oomoooa
00o00oooADODODODOND0D0D0D0D00D0O0O000D10
00000000000 00000000000000000000
oooooooooo

TL/H/11320-1
FIGURE 1. Quantization without Sampling

+1/2

~-1/2

Quantization Error (LSB)

National Semiconductor
Application Note 804
Leon Melkonian
February 1992

200000000000
0O000O0o0oo0000000000000000O0000000O0O0
00000000 20000000000000000000000
ADDOODOOO0O0OD0O0ODO0D0000000000000000O
gooooOoOoo0oOooo0OOoO0oo0OOooO0OooOoOoOooOoboOoOot O
O*0000000000000000* 000000000000
g00o0o0oooboO00oOoOoooboOO0OoOoOObOOO0OoOoOOoboOO
0MDoo0o0oo0oo0000000@mO00o00000moono
0000000020000000000000000000000
000000000 00000000000000001/200000
0ooo0o00000000MO000000MOo00o0mooon
OO000obO0o00000000000000000000000O00
JoooooO0oobO00O0000000000b0000bOOooOoO
000000mOo0Ooo0o0000mOo0000000006000
0000 ADOODODODODOODOO0DO0DO00O00000O0n
00o0ob000000000000000o000a0
godooOo0oo0oOoOoo0OO0O0oO00O00OoOoO0OO0O0bDOoDOOOo
00000000000 0MO000000000000000AD
00000000000000000000000Fig.10 2000
000000000000000000D00000000000100
gooooOo0oo0oOoOoo0OO0bO0OoO00O0ooObO0OO0O0ObOOooOOo
O00o0o00000000OO0000000000000000
gooooOo0oo0O0Ooo0OoDOooo0OOoO0bO0O0O0bOOoooO
oooooooo

11
110
101
100

Digital Codes

o011

010 |_|

q
001

000
0 FS
Analog Input
TL/H/11320-2
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FIGURE 3. Quantization Error is + 14 LSB for a Perfect ADC
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FIGURE 4. Treatment of Quantizing Error as an Explicit Quantization Noise
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FIGURE 5. A/D Converters Inherently Distort Signals
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FIGURE 6. Quantization of Low Level Signals Results in Severe Error
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FIGURE 7. With dither, sub-LSB information can be extracted from percentage of time spent between the two levels.
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FIGURE 10. The MM5437 Digital Noise Generator is a convenient
source of dither for applications in the audio frequency range.
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FIGURE 11. a) Spectrum of a 1 kHz, 1 LSB Signal. b) With dither, the
harmonics have been eliminated. These spectra were averaged 25 times.
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FIGURE 12. Without dither, this 1/4LSB, 1 kHz signal could not be detected at all. The spectrum was averaged 50 times.

FIGURE 13. Effects of dither on larger signals (5 LSB).
a) Without dither. b) With dither. These spectra were averaged 25 times.
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FIGURE 14. a) Two 1 LSB signals at 600 Hz and 1 kHz show both
harmonic and intermodulation distortion. b) With dither, only the fundamentals remain.
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