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Research Background

Mixed signal SoC, communication devices
» Analog digital converter (ADC) is key component

O Manufacturing

Manufacturing
cost

Test cost —> Higher

-

‘ Need for low cost test ‘

—> Lower
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Research Goal

Low distortion two-tone signal generation
for communication application ADC testing
with low-cost AWG

-----| Proposed method |-

Low-cost
AWG —)< ADC
-~ DUT

DSP program
change

---‘ Conventional method |

LOow-Cost
AWG —)< JA\D] @

DUT

IMD3

Low SFDR

AWG : Arbitrary Waveform Generator SFDR : Spurious-Free Dynamic Range 5/32
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Need for Two-tone Test Signal
Communication application ADC
» Receive narrow band & high frequency signal

Input Output
° ><ADC S
Single-tone test signal buUT Two-tone test signal
Analog filter Analog filter

Output spectrum

Cannot test nonlinearity of ADC Can test nonlinearity of AD6(/33 ,



Two-Tone Signal Generation with AWG

........................ e e —
Nonlinearity Nonlinearity
D, \ Yy
DSP > DAC : >< ADC
01110--- / M\N\/\J
DUT
High IMD Low quality test

DAC : Digital Analog Converter IMD : Inter Modulation Distortion URY:



Distortion by Nonlinearity DAC

ldeal DAC Y =a,D;,
Actual DAC Y =ayg+a{D;, + azDizn + a3Di3n + .-
> DAC 3 >
Din / Y

Analog filter

" N N + N ™M + + O
Y [T i —1 «N
N N Yy— Y— Y

Cannot remove IMD3 with analog filter
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Conventional Method

| AWG |

Y = a,;D;,, + azD;,

Input Dy,

DSP

ﬁ_

\ Output Y

> DAC )

CLK

CL

L L

X =A-sin(2ufinTy) + B - sin(2nf,nT;)

10/32



Conventional Method

Y = a,;D;,, + azD;,

DSP Input D;, R \ Output Y

DAC
A,

IMD3 components appear

CLK

IMD3

S around fs/2
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Proposed Method

* Phase Switching
* Frequency Switching

« Combination of Phase & Frequency Switching
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Phase Switching

Y = a,;D;,, + azD;,

Input D;,, R \ Output Y

DSP DAC
_ﬁ_ 4%/

CLK
CLK ‘ ‘ ‘ |
=TT FeT< I'----'\\.

COCX

X{ =A-sin (27Tf1nTS + )
)

+ B - sin (ZHonTS — %)

+ B - sin (27Tf2nTS + g)

ol old

X, = A-sin (anlnTS —

14/32



Phase Switching Effects

I— _l I—l I—l I—l Y:alDin_l'aSDi:sn

CLK

- ‘ - - O )4
b XX H XX GX —] DA —r

» Cancel IMD3 components J

» Switching spurious appear

W
Q)]

2f, +f,
2f2+f1 EEEEER

HD : Harmonic Distortion 15/32



Principle of Phase Switching

\ Y = a,D;, + a=D3

- - - Output Y
LabuiuinY

Din - @\.--J@\.--J DAC / >
X, =A-sin2rnfinT; + ®/6) + B - sin(2nf,nT; — m/6)
X, =A-sin(2nfinT, —m/6) + B - sin(2nfonT, + w/6)

DAC>

¥ =|a, Dy, |+HasDE, )
X 3

Phase difference ° ’ Phase difference
/3 3xXm/3=m

Fundamental component Distortion component
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Frequency Switching

Y = a,;D;,, + azD;,

Input D;,, R \ Output Y

DSP DAC
_ﬁ_ 4%/

CLK ‘ ‘ ‘ |
---\\E :,f-----\\. f-----\
e K K X X X X X X z<

X, = A-sin(2ufinT) X, = B - sin(2nfonTy)
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Frequency Switching Effects

Xl ‘ Y —_ alDin + a3Di3n

f g 4\-—> \ Output ¥
! DAC / <

around fs/2

18/32



Combination of
Phase & Frequency Switching

Y = a,;D;,, + azD;,
Input D;,, R \ Output Y

DSP DAC
_ﬁ_ 4%/

CLK

o [ LI

_\,( X, )"';'“[ Y n )

L----J h--Jl——o;

X, =A-sin (anlnTS -+ %) X, = B - sin (ZRonTS — %)

. [ _ Y[
X3 =A-sin (ZﬂflnTS — E) X, = B -sin (anznTS + E)
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Phase & Frequency Switching Effects

Y — alDl’n + a3Di3n

1 1 I —s] DAC

Canceled by frequency switching

around fs/4 around fs/2

[ I B

Canceled by phase switching
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Merit of Proposed Methods

Program change Nonlinearity

DSP Din > DAC \, >
CLK ﬁ- ‘

c _[ LI LI LI LI

D X XXX X

® No need for the DAC nonlinearity identification
» No need for calibration

® Only DSP program change
» No hardware change
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Simulation Condition

- Conventional Y = Di, — 0.005D;,
* Proposed
Input D; Output Y
»Phase switching PUZin 51 pAC \ P
»Frequency switching /
»Phase & Frequency switching 12Dbit
Input frequency f, 99
Input frequency f, 122
Amplitude 1
Sampling frequency 4000

Simulation by Matlab

22132



Phase, Frequency, Phase Freqg. Switching
0

Conventional LX

(@))
(@)
2f1-f2
2f2-f1

{ Around
{ fs/2
d Spurious

TN Y RO R

Phase
Switching

Freguency
Switching

Power [dBm]

Phase &
Frequency
Switching

0] 0.1 0.2 0.3 0.4 0.5
Normalized Frequency f/fs 23/32
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Experimental Condition

AWG

Agilent 33220A

Signal

Spectrum analyzer

ADVANTEST R3267

Frequency range

1uHz to 6MHz

Frequency range

100Hz to 8GHz

Amplitude resolution

14bit

RBW

10Hz to 30MHz

Max sampling rate

50MSa/s

> RBW : Resolution Band Width

Test Signal

Two-tone signal

200kHz , 220kHz

Sampling rate

10MSa/s

Input voltage

0.8 to0 2.0V, (0.2V step)
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Power [dBm]

Experimental Results

6 Conventional
3 Fundanjental Frequency Switching
’ N
-3 — Phase, Phase Freq. { —<4— Conventional
/ Switching
—6 | | Phase
50 | Switching
—Y1MD3 \
(\’&\0“a " Frequency
_70 Switching
Og,ed S— Phase &
‘ —>— Frequency
—90 | — Switching
Ave. Reduction : 12.3dB

0.6 1.0 1.4 1.8 2.2
Input Voltage [V ] 26/32



SFDR [dBc]

90
80

70

60
50

SFDR Improvement

0.6 1.0 1.4 1.8
Input Voltage [V,]
Phase Frequency Phase &
Switching | Switching | ~r€duency
Switching
+12.5dB | +10.6dB +12.4 dB

—&@— Conventional

Phase
Switching

Frequency
Switching

Phase &

—>&— Frequency
Switching
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Phase Switching
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Conclusion

»For low distortion two-tone signal generation
with low-cost AWG

®Proposed 3 methods
*No need for the DAC nonlinearity identification

*Only DSP program change

* No hardware change, no calibration

» Effectiveness of our proposed methods

*Verified by simulation, and experimental results
— IMD3 reduction and SFDR improvement
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