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Abstract—This paper describes a technique for generating pure single and multi-tone signals, for testing an ADC
using an arbitrary waveform generator (AWG). The AWG consists of DSP and DAC, and the DAC quantization

degrades the S/N ratio. We propose here to use DSP algorithms to precompensate for the quantization noise with

lowpass and /or multi-bandpass noise-shaping. The quantization noise close to the signal frequencies is suppressed,

though quantization noise far from the signal frequencies may be increased (which may be relatively easy to remove

the following analog filter) . Theoretical analysis and simulation results show the effectiveness of this approach.

X—U— N ALEWIIESR, A X —, (E84R, LSI 3Bk, ADC 3Er

(Keywords: Arbitrary Waveform Generator, Noise-Shaping, Signal Generation, LSI Testing, ADC Testing)

1. [FL®HIZ

Z O F 30 TUE AR B P % A #% (Arbitrary  Waveform
Generator: AWG) [1-7] 2 HAE B ZFAESHELEIC, W
DAC OEFLHEFAELZED ) A X% ) 4 Ay =—T T HFER
RET D, BETIEBFHHEANTO /) A XEEHTELDT,
AWG %BEDOTF a7 7 4 V2 EBAT 52 LT, H SN
» ADC 7 2 M5 (E%ME, 2 h—r, vV F b=V 1E5
[71%5) ARICERT 5 2 LN TE 5, BEFIEILAWG NO
DSP#O7T v T A (ET1IFEB AT DT —F) OEED
KBTIV, B I 2=y a ik 2 oBfEkR%E
T, ZRERFEL 72,

2. AWG [Z& % ADC RistET X MEFTERL

(2:1) AWGO#ER AWGIHMEEOT Fr/EHFi4
T DI S, DSP (£72i3EAEY) & DAC
WXV En S (1), DSPHTT VX EEEFA L,
ik DAC T7 I r 7EHICE# L HJ19 %5, DAC OF#Y
et 2 SOEEER 2 b o,

(1) FEBIEME : B2 DAC X7 Y2 VA e T F e 7
TPeB GBRIBREE) ZaRd, Lo LEBRIZIEINET T
7 7RI ORGEIT 50 & FIZ L0 BRI A R,

(2) BrbRAZE : DAC OFMRRRED 72912 K DA%,
EF DI AWG OIERIEME O F B2 K X & 2 HiFiz o0
THRFLTEEZI-6l, =2 Tl iz (3L O DACWH
HTEREND /A R) OFBEOERIEIC>VWT SCER[10lIC b
v M EBTHRE LT,

TURES 7FrRjES

__________________________________________

1 AWG DRk
Fig.1.

O
92)
O

AWG configuration.
3. /AR z—EVS-7ILIdYAXL

AWG WD DSP OEBAERKRT VTV AL % DT NIER
THZET, BEHBRAND ) A X == N TEDHI LER
R
(3-1) DAC %> 7V
VU TEEBC AR TR O EREE 52 Ak T 52 L a5

2%,

O—/RR- /AR z—EVY

1/6



1) Ny hOTVXLVT =DV A L FEDM)EERT D,
TV RITE0 BT TRY  BREESD, 20
BB+ DA DEEe() ET 50 < e(n) < 1),

D(n) = 2V tsinQ2u(fin/fOn}l. (1)

ZZTI[] BAVAGRSTTHD,

e(n) = 2V sin{2n(fin/f)n} —D(n). ... )
2) eM)DRABEMBEMIFLLTO L HICHEE D,

E(n) = E(n—1) + e(n). .. 3)

3) Em)DEEZEDOMN 1LSB ##x e & £, E(m)» 6 1LS
B 478 E, FYZAEDM)IC ILSB INFT% (M 2)
If E() = 1LSB ,E(n) = E(n) — 1LSB, ... )
D(n) = D(n) + 1LSB. . )
ZO7NAY XL AR 3ITRT,

)
g7
2 6
% 1LSB
S P 1LSB
4
3 1LSB
2
LS8},
0 —t

2 B—RR ) AR —ELrTOTNALITY XA

Fig.2. Proposed algorithm for lowpass noise-shaping.
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Table 1. Simulation conditions.
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Fig.5. DAC output power spectrum. (a) Before
modifying algorithm. (b) After modifying algorithm.
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Fig.6. Input waveform to AWG. (a) Conventional method. (b)

Proposed lowpass noise-shaping method.
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Fig.7. Output waveform from AWG. (a) Conventional method.

(b) Proposed lowpass noise-shaping method.
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Fig.8. Output spectrum when M=3 (Multi-Bandpass

Noise-Shaping I ).
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Fig.9. Output spectrum when M=2 (Multi-Bandpass
Noise-Shaping IT).
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Noise-Shaping.
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Fig.11. AZ modulator with cascade (MASH 0-1-1).
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