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ATE: Automatic Test Equipment BOST: Built-Out Self-Test
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Outline

 Research Background
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Research Background

« Testing analog ICs requires low distortion sinusoidal

‘ Signal generator has nonlinearity

-Harmonic distortion caused
- Test accuracy deterioration

Signal Generator ——{ DUT

"
Objective

( Low-Distortion Signal Generation at Low Cost J
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Problem of Our Previous Method

_- 3 harmonics Suppression - - - - - - - - - - oo -

Phase parameters
T

P1 = 277,'? ‘ » gO-.Od
I ’

£ an

-~

- e - e o . o E—,

- e e e e o o o =

N 3 rectangular add/subtract fi 3f15f fi 3f15f
Phase shift parameter
+ ! 1
T1 = _a
0 T/, T
Phase shift parameter is simple 1_.’ '
' T
° T/, T
High resolution is not needed {mmam: imme

\ 4 -

Digital phase shift ’ o T " '/

[1] M. Kawabata, et. al., “Low-Distortion Signal Generation for Analog/Mixed-Signal
Circuit Testing Using Digital ATE”, International Test Conference in Asia (Sept. 2017).
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Problem of Conventional Method

,- 3 & 5" harmonics suppression ---------------- ~.
! Phase parameters }

L, o, T2 I
i o1 =2m—, 9 = 2m— ‘ o> bad
: ¥ L L
" 5 rectangular add/subtract fi 3f15f1 fi 3f1 5/ /,'

- O - O . O S S S S S S S S S S B S S S S S S S B S S S S S S B e S e S e e e e e

Phase shift parameter

1= (o (31 - 208 (2)))

Phase shift parameter is complex

\ 4

High resolution is needed

\ 4 T

Analog phase shift \ a Binary output
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Outline

* Signal Generation Method
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Fourier Series Expansion

Duty 50% rectangular wave

(1nT<t<@n+1)T/2
flo = 0 (2n+1)T/2<t<(n+1)T
n=0,1,2,-

Fourier Series Expansion
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Single Harmonic Suppression Method

* Three rectangular waveforms add/subtract

Voue = F(©) = {f (¢ = 72) + f (£ + 7))

1 N 2 1_> 2kt  (2km
=-3 Z o L~ 2cos| — sin| ——t \ﬂ\
m=1

k=2m-1,m=1, 2, ...)

1_ —_—

K-th HD suppression parameter 0 T/ T

1
2 2kmty - (2km }:l |
kﬂ{l—Zcos( T >}sm( t)—O

T ° 2 T
1 o—
—T
T 0 T/, T ' S
1= ia O Ty T

) 2
Binary output
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Multiple Harmonics Suppression Method

 Five rectangular waveforms add/subtract
Vout :f(g—{f(t—ﬁ)+f(t+T1)}—{f(t—T2)+f(t+T2)}

B 3+2 2 1_> 2kt 5 2knt, _ 2k7tt
=3 o cos | — cos | — sin | —

m=1

k=2m-1,m=1, 2, ...)

1 —4,—
0 T/2

1
S
71
0
T/,
1 —_—
/
—_—

K-th HD suppression parameter

2 o 2kmty ) 2knt, _ 2k7rt —0
p cosS T COS T sin T =
<4 :

_ T (1 1-2 2km b ThoT 1
Tk \ 2\t T T 2 —I I

Binary output
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Multiple Harmonics Suppression Parameter

T1

e %)

T
8 e ] (92, 91) ——(k =3)

= (0.814844m,0.131361m)| (k = 5)

YA
E2 e (c=7)
S ” Nty (k =9)
¥
5w
— T
6
@, [rad]

Cross point mm=) multi harmonics suppression parameter
m=m) High quality needed
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Outline

 Phase Shift Technique



14/26

Principle of Analog Phase Shift Technique

J—— Formula of trigonometric function ------ .
asin(wt) + b cos(wt) =/ a? + b2 sin(wt + ©)

m m mm mm mm o ———
- e e = o -

N o S S S S S S DS S SN DS SN DS S B S B S B S S S S S S S S S S S S S D S e S e aem e

$

Control phase @
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Phase Control Circuit

L0
Logic Circuit
I I
V=
® @ @ {asin(wt) + b cos(wt)}R
R R R (A:B=a:bh)
MWW
2R§ 2R g 2R§ Ré
7\
—— “ S e e e e - - -~
"~ _ \
I R — 2R Ladder register | :
|
: + : I
[ AC current source ’l :
\

Logic Circuit

~

.~
|
|
|

o e o e e e e e e = e e e e e e o

- S o S S S e S S e S D S e S e o e e

_____ F—-—-—-——-—=-44-"=-—"=-==94—|-=-"=-=4

[ sin(wt) —sin(wt) cos(wt) —cos(wt) P

-

e e o e o = ——
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Fractional Approximation Method

B
« Amplitude ratio y of phase @

9 B
tan(20°) = 0.363970 ... * — =~—
273 A

_______ Fractional Approximation Method ______

/ \
/ \
i 34 = 3 3422 :
: S T 770625159 T 7 7 |
: |
: 14— 3 1 ; 1 355 |
: B S Rt -
! 15.99593 16 :
|
| |
\

/
/

Using continued fraction =) accurate amplitude ratio
\

_________________________________________
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Current Source Nonlinearity

Logic Circuit

i,';;é;{ ~anon | [cosan | [-earary], [ = c;sinf + c3sin 30
@ + r HhT r ¢t =1,¢3 =-0.01
HD3 suppression case
linear nonlinear
HD3 appearance
0 : s : : s s
% g 5 ; z : : ;
& -50 o
€ Lottt 5
-1000 1 3 5 7 9 1 13 15 - Wbt
Frequency [Hz] 01 3 5 7 9 1 13 15

Frequency [Hz]
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Amplitude Ratio Calculation

b ¢, sin(2mfit + 0) + c3sin3(2nfit + 0)
a

- ci cos(2mfit + 0) + c3 cos3(2mfit + O)
cy + c3sin?(2nfit + 6)

c1 + c3cos?(2nfit + 0)

tan(2rfit + 0)

1
a1 =1,a3 = =0.01,t =5[], f = 1[Hz],6 = 0[]

3

b 1-0.01 XSinz(ig) ™ F522
—=— — tan (i —) = +2.299560241 = ——
a 1—0.01 X cos? (i 5) 9 227

Obtain appropriate amplitude ratio
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Outline

* Circuit Configuration & Simulation
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Duty50% Circuit Configuration

« Use a frequency divider

« Guaranteed Duty 50%

* Doubled phase and frequency
« Use XOR instead of opamp

_______________________________________
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sin(Qot) < - L D ¢
+ gzlgr;rgzzn S1n(2wt)> 0 =
®_ B ‘ | ‘ ‘ R
= |z = ;D_%D Vo
’ — D Q T\ Bz
" > Q
B, — Analog 2T3
A_| Phase D Q __)Df
B, control —> Q
—27y L 427, : delay value
s - - -/ - T T " "= == "= -=-=-""=-"="-""="=-""="-""="-""=""=-"="-"="=-""="="-""=-"=-"=-"=-"=-"="=== ~
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From Sine to Rectangular Waveforms

Sin wave mmm) Inverter mmm) rectangular wave
Phase ¢ Binary change Phase ¢

sin(wt) [ gin. cos sin(wt)Dﬁ
* | generation A o
~N N A B )
Tr - 3|3 B,
— (] w — 1
i7 S >, C 0
Ay — 71 [>c > 5
B,— Analog | - =D,
Phase |_ b = _.
AZ —_— Tl E -1
control >0- 1
B2 — E F F o
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XOR Behavior

Binary output =) Express with logic circuit
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HD3 Suppression Simulation

Parameters

I

sin(Zwt sin,cos  [sin(2wt) ]
+ | generation HD3 suppression
_—§ ;g /\/\ :> ; : ; ;
w O I—
Ay —]
B, — Analog zlri
Phase D ;\] —
22: control > 0 - -120 5 5 5 5
—21, L 0 02 04 06 08 1.0

Frequency [MHZz]
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HD3 & HD5 Suppression Simulation

Parameters

HD3 & HDS5 suppression

2 Q"} Y ) 4218
:___ 2T1> ¢ y T,
" ot 22— 5 O
B, — Analog —2T1> Q F % -80
Phase =
Ao control | B g__r N _100
By — 2¢2> ) o—————— 120

Q _ . | | .
Ayl (o— O 02 04 06 08 10
0 Frequency [MHz]
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Outline

e Conclusion
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Conclusion

Summary

/@ We proposed low-distortion signal method N
using analog phase shift & rectangular.

Digital ATE + Simple analog circuit & BOST

¢

0 No need expensive signhal generator 4

Future task
4 )
® Consideration of

delay time & threshold voltage of Flip-Flop
@t Is necessary to verify with the actual circuit




