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Research Objectives
Objective

For ADC testing
* Low-distortion signal generation

* Low cost AWG
* Full Nyquist Region

Our Approach
* Phase-Switching-Method

* Only AWG program change

* No need for AWG nonlinearity identification / s
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Research Background

Silicon cost » decreasing
per transistor

Test cost » increasing

Low cost test
Low cost LSI production
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ADC Test Cost Using AWG
DUT

ADC test system : | AWG ADC

| AWG ) : High Precision
Arbitrary Waveform Generator

Expensive

& soeee:

Expensive AWG

Low-price AWG gOOd bad

Low-price AWG
+ good good

Proposed method




Ideal and Real Signal

The ideal
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‘AWGII
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The real
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Test results S
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Arbitrary Waveform Generator
AWG

DUT
Y(nTS) Z(nTs)

9<ADC >
0000

/\/ 0001
0010

Y(nTS) = Qg + alDin + azDinZ + a3Din3 4 ...

DAC nonlinearity harmonic distortion

Low-distortion signal generation
Only DSP program change

DSP : Digital Signal Processor 8/35
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Phase Switching Algorithm

Phase Switching Algorithm

step 1. ¢, @1 phase shift ATl

lled
step 2. Choose alternately cancetie
B T
Po= P1 = IN

S Xo = Asin(2nf;,nT; + @, ) n:even
m |\ X, = Asin(2nf;,nT, — ¢,) n:odd
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Phase Switching Algorithm

Phase Switching Algorithm

step1. ¢@p, @iphase shift
step 2. Choose alternately

3" harmonic
suppression

T = =2 sin(2nf;,,nTs + m/6 ) n:even
Mmoo Xy =Asin@2uaf,nT, —n/6) n:odd



Phase Switching Signal Equation

1 1
Y(nT,) = <§ + cos <2n£nTS) ) (a1Xo + azXy>) + (E — COS <2n§nTs) ) (a1X; + azX;>)

2
4a,A + 3a343 |, .
= 5225 (o090 + e7I0) sin(anfi ) Fundamental wave
a3A3 . .
~——g (/390 + e7390) sin(2n3 f;,,nT,) HD3
3 .
AT I (eloo — eton) sin(2n (5 - ) o) Lg% image
3
+ a?gl (ei3<Po — e—i3fpo) sin (27-[ (g — 3fin> nTs\ ( |ent | | m ag e

0.2 0.3 0.4

Normalized Frequency f/fs
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Low & High-Frequency Signals

Low-Frequency Signal High-Frequency Signal

Near DC Near Nyquist frequency
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Low Freq. Single-Tone Signal Generation
AWG

D. — {Xo = Asin(2nf;,,nT + ¢@,) n:even
in —

X, =Asin(2rf;,nT, — ;) n:odd
T

_ _ Nth order

Po = 91 2N Is cancelled

Power [dB]
Power [dB]|

- 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

Normalized Frequency f/fs
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Normalized Frequency f/fs

f1/fs = 3/200




High Freq. Signal Generation
Conventional

T |

> >
fin fin

[Input] High Freq. > [Output] High Freq. + HD

Proposed

fin fin g_fin

[Input] Low Fregq. [Output] High Freq.

fs/2-f,, deal with high-freq. signal




Phase Switching Signal Equation

1 1
Y(nT,) = <§ + cos <2n%nTs) ) (a1Xo + azXy>) + (E — cos <2n§nTs) ) (a1X; + azX;>)

_ 4a4A + 3a3A°

Z (e/?0 + e J#0)sin(2nf,,nTy)  Fundamental wave
a3A3 . .
- (€/390 + e7390) sin(2r3f,,nT,) HD3
4a;A+3azA® f. :
— 1 (e]‘P — e J? )Sll’l (277;(5—]“”1)”’]15) HD3 Image
3 .
X a38A (e/3%0 _ g-7300) sin (zﬂ (% g fin) nTs) Fundamental image

o

—_
o
o

In case @y =

o
o

m.
S,
- -200
()
=
o_
ol

S WwW|A

(ei<P0 — e—itpo) =

|
S
o
o
o

0.05 0.1 0.15 0.2 0.25 0.3 0.35 04 0.45 0.5
Normalized Frequency f/fs
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High Freq. Single-Tone Signal Generation

AWG

Y(nT,)

T Xo =Asin(2rnf;,,nT; + ¢y) n:even
m X, = AsinQ2nf;,nT; — ¢,) n:odd

T

0o = Q1 = ~ Nth order image

IS cancelled

Power [dB]
Power [dB]

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

Normalized Frequency f/fs

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

Normalized Frequency f/fs
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Multiple Harmonics Suppression

» fin

Example : 3" & 51" cancel at once

fin HD3 HD5 HD7 freq

Multiple

Single
1 shift parameter (@q(= @1)) 2 shift parameters (¢, @p)
2-phase switching (Xg, X;) 4-phase switching(Xy, X1, X2, X3)
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Low Freq. Multiple Harmonics Suppression
AWG

Y(nT,)

(X, =4 sin(2nf;,,nT; — @, — @) n =4k
X1 =Asin@2naf,,nT,— @, + @) n=4k+1
Xy = Asin(2uf,nTs+ @, — @p) n = 4k + 2
(X3 = Asin(2uf;,nTs + @4 + @) n =4k +3
n n M & Nth orders

= — (p = —
Pa 2M b= 2N are cancelled

HD3&5
I 1~y cancelled

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 05
Normalized Frequency f/fs

0.05 0.1 0.15 0.2 0.25 0.3 0.35 04 0.45 05
Normalized Frequency f/fs

f1/fs = 1/200




High Freq. Multiple Harmonics Suppression

AWG

Y(nT,)

(X, = Asinnuf;,nTs — @, — @p) n =4k
) X1 =Asin2uaf,nT,— @, +¢@p) n=4k+1

Xy, = Asin(2uf,nT, + @, — @p) N = 4k + 2
X3 = Asin(2uf;,nTs + @4 + @) n =4k +3

i, = L @) = T M & Nth order images
“ M N are cancelled

Power [dB]
Power [dB]

005 0.1 015 02 025 03 035 04 045 05

. 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Normalized Frequency f/fs

Normalized Frequency f/fs
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Two-Tone Signal Generation
D;, = Asin(2rnfnT,) + Bsin(2rnf,nTy)

 Inter Modulation Distortion (IMD)
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Low Freq. Two-Tone Signal Generation
AWG

o Xo =Asin(2rfnT + @¢) + Bsin(2nf,nT; — ¢,) n:even
M| X, = Asin2ufnT; — @y) + Bsin(2uf,nTg + ¢,) n:odd

_ T Nth order IMD
Po = 9N is cancelled

\
v IMD3

Power [dB]
Power [dB]

I
- ; cancelled

0.05 0.1 0.15 02 025 03 035 04 045 0.5

Normalized Frequency f/fs

B 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Normalized Frequency f/fs

fi/f2/fs = 3/4/200 23/35




High Freq. Two-Tone Signal Generation
€

AW

D Xo =Asin(2rfinT, + @¢) + Bsin(2nf,nT, — ¢y) n: even
M| X, = Asin2rfnTg — @y) + Bsin(2uf,nTg + ¢,) n:odd
_r Nth order IMD image
Po=N is cancelled

|
(<1
o o

IMD3 image !

Power [dB]
Power [dB]

- cancelled &

0 0.05 0.1 0.15 02 025 03 035 04 045 0.5

Normalized Frequency f/fs
24/35
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Mid Freq. Harmonics Suppression
Mid Freq.

Frontier

phase switching

Low Freq. Generation High Freqg. Generation

Power [dB]
Power [dB]

0 0.1 0.2 0.3 04
Normalized Frequency f/fs

HD or HD image near signal
IS not suppresseed 26/35



New Phase Switching Algorithm

Low Freq. High Freq. _ Mid Freq.
smart idea .. .
Choose alternately 2-point interleaving
Xog = X1 2 Xy = X Xg 2 Xg 2 X1 2 X4
D, = Xo = Asin(2nf;,nT, + @) n = 4k — 3,4k — 2
| X, = AsinQRrfinT, — @q) n =4k —1,4k

_ W Nth order
2N IS cancelled

Do

Spurious components are split into
low and high frequency regions 27135



Mid Freq. HD3 Suppression

Conventional D;, = Asin(2rf;,nT,)

signai J Hos

Y(nTs) = a1D;, + a3Din3
fin/fs = 49/200»

A=1,
a;=1,
az; =—0.01
0.1 0.2 0.3 0.4 Po =%
Normalized Frequency /1s
Proposed

- Xo = AsinQ2rf,nTs + @) n =4k — 3,4k — 2
X, = AsinQrfi,nT, — @) n =4k — 1,4k

Power [dB]

Normalized Frequency f/fs 28/35



Mid Freq. Two-Tone IMD3 Suppression

Conventional D;, = Asin(2rnfinT,) + B sin(2rnf,nT,)

m Y(nT) = a;Dy, + azDy”
W f1/fs =49/200,
f2/fs =51/200
A=1,
B=1,
a;= 1,
as = —0.01
0.1 0.2 0.3 0.4 S Po :%

Normalized Frequency f/fs

Proposed
- Xo = AsinQufinT + @) + Bsin(2nf;,nT, — @y) n = 4k — 3,4k — 2
X, = Asinrfi,nTs — @) + B sin2rfi,,nTs + ¢@g) n =4k — 1,4k

0.2 0.3 s
Normalized Frequency /s 29/39
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Experiment using AWG

AWG
(Tektronix TDS1001C-EDU, MAX 40MHz,500Msample/s)

Spectrum analyzer
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Mid Freq. HD3 Suppression

Conventional Method

) SN

980k 1M : -100 ° .
Frequency [Hz] Fre980k [11_1;4]
quency [Hz




Mid Freq. Two-Tone IMD3 Suppression

Conventional Method Proposed Method

E E
s =
o o
2 3
o (a W
1 -1

Power [dBm]
Power [dBm]

1M
Frequency [Hz] Frequency [Hz]

= 4MHz,  f, = 980kHz,  f, = 1020kHz
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Conclusions

* We have proposed Mid-Freq. single/two-tone

signal generation algorithms

* Simulation/experimental verification shows

their effectives
* In conjunction with previous research,
we have completed Full Nyquist Range

low-distortion signal generation method
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