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Abstract

A dynamic analog BIST methodology: istproposed based on IEEE std. 1149.4 DFT
infrastructure in this thesis. Theon-chip generated triangular stimulus is sent to the analog
CUT through the analog test buses and the response’is quantized by the dual comparators.
Statistical analysis is conducted to“enhance the quantization resolution and minimize the noise
effect. The experimental results by hardware emulation confirm the feasibility of the proposed
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piEz kA4

B AT T FAM T S AR S LT I0F R PRI 2 Bk
PURIE R ERRIEA TR BRI R B AR s E R d e St GiE

PG M ORI AT AT

AP BLRR A A 5 0 = & (Triangular Waveform) 5 B LR * 43— o
PF 5 A On—chip 24 o A0 Ak A B FRTR2PIE L A LR
B 8 e (B 3-2) #r7 o d - BRARIREA Bered o R fo Ak

Tomerrr e A 4 = b HIREEAST TR lo ¥ chixd o ¥ ¥4 (Peak to Peak

) R Ve =03lof s fo

Vtriangle
® . 2 R

] 3-2 Integrator Based A Waveform Generator

AMM 7 B % #

S

Analog monitoring module (AMM) 7 3% ¢ # g fi 5t BIST e it RI3E%E 4
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4

v gk 8 RIZe IEEE Std. 11494 TBIC 4p % > 2 @ Z @ it o A £ ¢ 7 - ¥4 R

Ba e EEM o de (B 3-3) 5 AMM 2B 4

ABI1
AB2

AMM l l AMM

@] 3-3 = IEEE Std. 1149.4 TBIC 7 & B %

MR T A i s it (Simplified) 9 AMM T B ZE Ao (B 3-4) 4T

o Bt TR G OLTS A P BLRIRE A A R o BlREM LAY o TR (Biasing Voltage) 1

=

Vx % 77 > VA % 77 3=+ (Amplitude) ° ﬂé’s—%ﬁ%ﬁﬁ%#éﬁ’“ﬁi%ﬁ?ﬁl)\ 4 TR (VR+ ¥ VR-)

APt 18 F i g VIV -
e ¥ feiipli# i (Digital Test Channel) &R » UBLAHT R » 7 1% (303 e+

B r T EFRRD A SVR B VRl TR NS % 0 R B R F R

BLEVx VA eRiE » 5 gt F D & i gE o
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VR+ @ Vi1

Vx

V2

VR- @

® 3-4 Simplified QSMM 7 ] %

Jvé‘—% 12'4'\*'? ﬁ‘ﬁ'ﬁ:%’

A UBLRIGE SRS S AR[ AR i vt BIST enRGE S S g 2
fﬁ + 12 IEEE Std. 1149.4 &5 A # 28 fi& e BT Cal AL T & It ELF I A A 56

LAY R A ERHRRSE N T LT g a K g

& 3.1 F & 474 oo Simplified AMM 284> S0 PR * e 1 & ¢ 7 - iR
Fod B 5T TRVR B2 VR- B 2 & LRGSR IRIEUEL B R VX
o1 0 VAZ T dRTg o iRl 0 BT VR ~ VR-PITRIE » B2 i;‘}ii@f@ﬁiﬁ%i R
Fo R E O BRSAVR o VR-AR B o B IR S SR T e A
#ME %P~ (Random Sampling) ﬁg—ﬂi?'] Mg R k2 T s I i d RO
(Mathematical Modeling) =#£4 » # it j9 F 4o H FRIAE VX BEVach T BRE » 324

g1 g4 -

¥t - B AT R APIEELRL ﬁ*] ~ % Simplified AMM 13 B 0p)ZE > 8 & it

REFAERE VR B VR- hiE ,;;_,_ﬁgﬁjmg.g:u Pet B N Ao 4T s BEIR s G Sg R
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HEFRABAOVEVANTRE > P FLA ) G4 -

BRERMPGEE WL P h2 {80 T AP RS HH PR 2 B RS S Rt

&

R A o TN FHMTRAIE R ANS B R GGER RN o A dt AR

BYOOBRAWE I RPN AEHr R E T FHBFEAFAEFY - F o

B RS S
BTRAPEFHEF OS> M F e I a0 E RS

BRHEEEE BING 0 B - WP AT o

L
ARG = A VR VR R RS FR 0 H A G AR R T

L1~L2~L3 ¢ 4c (B 3-5) “Fm o

L1:v<Vr-
L2 :VR-SVSVR-%— (1)
L3:v>VRrR+

T Z BRB AR EA S TI T2 T3 o A P fE R AR B

LI~L2 L35 2 e X & A3 Pu ~ P28 P -
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L3 iq >
TA /”\\
VR +
T2
L2 ..................... o -
T3 T2

VR -

L1 TB

T

Bl 3-5 A Waveform Compared to VR+ . VR-

fgpz Ry < TRV RIEVAREE R R B TR N TR A L 2

H2, (Case) 0™ > % & 7 Vx+Va=VR+"2 Vx—Va=Vr- A fH3) -

Case 1: VX +VA<VR+ » 4 (B] 3-6) #75F o

Vx +Va > VR +
Case 2: v 4o (B 3-7) #7F o
Vx —Va < VR -

Case 3: Vx —=VA>VR- » 4 ([ 3-8) #1771 °
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VR +

VR -

- /
4

Bl 3-6 Case 1 for A Waveform Compared to VR+ , VR-

VR +

Vx

K/

Bl 3-7 Case 2 for A Waveform Compared to VR+ » VR-

/N .
/

Vx
VR -

Bl 3-8 Case 3 for A Waveform Compared to VR+ » VR-

21




SEE

S EAL REHPU S PofrPuod PR EF a0 X3 = 48 Case o AP Y

Vx +Va > VR +
Case 2: s horti b (B 3-7) £ o
Vx —Va < VR -

. BR=ZAAFH LT P TAZZ A AR BVANVXEVR: 2 FenprFRFEE > TB 5

A 2 Vx 82 VR - 20 [F enps ffF fF §E o

SRR E AT
Slopzmz_?_/_A:# )
A
TA:VR+—Vx , TB:VX —VR- o
m m

T3 EdaddoT ¢

ol _Tazlrs
4 2

=T3= 2(I—TA)
4

Tl EdE 4T @
@I—TB :lTl
4 2

=Tl= Z(I—TBJ
4
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TI~ T28 T3 e

T1=2(I—TB]

4

T3:2(I—TAJ @
4

T2=1-T1-T3

@Pu:T1 . PLzzT2 > PL3:E
T T T

B AER(3) BB AEN @) F T #Pu o P PL e

2Va
LIS S ®
2Va

VR + —Vx
2VA

PLi=0.5-

PL3=0.5-

22 4255(5) > T @ VX 2 Va shigde T

2PL2 (6)
0.5-Pu
Vx =VR - +—(VR + —VR—)
PL2

2. Casel# Case3 érfa i pI2v (8 o BB % 4ot T (B 3-9) #7 :
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Case 1 Case 2 Case 3

PLI=0.5- X —VR- PL=0.5_YX—VR-
2Va 2VA PLi=0
PL2=0.5+\ﬂ PLQ:—VR+_VR_ pL2:0.5+VR+_VX
2Va 2Va VA
PLa=0 PL3:0.5—\M PL3:0.5—VR+_VX
2Va VA

B] 3-9 Three Cases for A Waveform Compared to VR+ , VR-

AP Case2 5 bl o R e PRERBINRGAE S 2 50 0 KF JLRIEUELVX 22 Va
iE o d NP EFT o B REVXEVAE > & F AT I Pu s PofePuiaiE » H

-~

= deT oo

LSS R N S SR R I NS BRNT R A VR

N2 T PegR e R 2P VR- 0 RIF 1 Pu » Pl{e P enig4e™ ¢

le:&
N
PL2=N_N1_N2 0
N
PL3=M
N
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B F2N(7) Ror 2 4N 6) 0 T EVXEVASE T

N
= VR + VR -
2(N—N1—N2)( Ve ) )
Vx =VR—+M(VR+—VR 7)
N-NI-N2

R o APRIFAE - EE 0 A0S (Case2) § ¢ AT F Z B AR e d
¥ Pu+Pu+Pu=1 @ @HY - B3N 5 DN F o £ F R S {5 B4R
Ao kA BAITEHEVXEVAGE - KA 0 aCasel ¥ Case3 §¢ - H¥ - 3450 %
Pus et PLiZtE > dort b (B 3-9) #7770 & Fl4pend B3 f258 S50 0 9100 0 F Vx
BVAY & A > B2 T3 - B AR 0 L RS BATREVXEVAGE o 1Y

T Casel 5 B kAe P > Case3 IV F o

d 2t (B 3-9) ¥ &> Casel @iPLl ~PLafePLsiE 40T -

P|_1=().5_w
2VA

PL2=0.5+M » ® Pu+ P4 Pri=1 )
2Va

PL3=0

d 225009 7 F P2 E3 1-Pu e %P2 1-Pu &2 #5809) ¢ g% - B2 a5l

: PL2=O.5+w DR T AT - 35 A28 1 PL=05- T VRS gy
2Va 2Va

C RS RS R N(9) P - B RN 0 S A2RN0) P hE - B RN e

SRS EES

R

Pu ~ PfrPuaa N8 v %4 5 = 853  Case 1 ~ Case2 £2 Case 3 » % % 4o
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(B 3-9) #777 o & REVxEVachis » & L8 N PL ~» PfrPuiaid o A o 30
BlRE- B AR AramE et Bl VX VA Y L R Al S RS RIS S S
AEVREVR- 20 F PR B FHL Case2 o 4rdt o o ¥t L F i N RITP
o3 E Pu s PofrPuaiid » &a i 53 F VX B VAhE « J > 545 Case 1 &

Case3 > i 2 F faVx B2Va g o

BE SRS %
d (B 3-9) %740 Pu~ P22 P 2 Vx ehandic o T > Atk - 84
Vx % Pu~PoBPuiddosma®iice % C333 A izl FHmessa o

REELEAEL o AP (B 3-15) WEEE L EE

(W 3-15) 3 Pui~ PLo 22PUs $1 Vet 52 7 B > 4 ¢ § 25 2 agenz fa it
o H R BE 4o T AT L
€® Va=1V:>VR+=05V > VrR2=-0.5V ¢

€ Vx varies from-1Vto 1V °

B2 87 > & Vxen@E 2t 05V B> Pus s B o 140 0.1V S 40 Vx ehig o 3 Vx Flid

-0.5V<Vx 0.5V g » PL2:O.5:% VX X3 05V EF > Pisa B oo ptiE%er o\
A

REREREL -

(B 3-10) ~ (B 3-25) % g 540
(VA=1.0V, VrR+=0.5V, VR-=-0.5V)
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Mathematical_Va=0.5V

Mathematical_Va=0.6V

-1-0.8-0.6-0.40.2 0 0.20.4060.8 1
VX=-1v ~ 1v

1 1
0.9 0.9 %
0.8 0.8 \ R
> 0.7 2 0.7 | \\
5 06 —e—PL1 z 06 —e—PL1
s 0.5 o T 05 +
K] —a—PL2 Q —a—PL2
° 04 PL3 E 0.4 1 x PL3
o
0.3 \\ 03 |
0.2 0.2
0.1 0.1 \\ T
O,\\\\\\\\\\ 0 Al Alalalalalalal Nlololoololololole
-1-0.80.60.4-0.20 0.20.40.60.8 1 -1 -0.80.60.40.2 0 0.20.40.60.8 1
VX=-1v ~ 1v VX=-1v ~ 1v
&l 3-10 Probability of VA=0.5V Bl 3-11 Probability of VA=0.6V
Mathematical_Va=0.7V Mathematical_Va=0.8V
1 1
0.9 09
0.8 0.8
> 0.7 > 0.7 \\
= 0.6 = 0.6 AR
a —e—PL1 e} \ —e—PL1
c 0.5 © 05 .
o] —s—PL2 2 —=—PL2
© 04 © 04
T o3 PL3 T o3 PL3
0.2 - 0.2 ~
0.1 t 2 01} :\
0 Letara oA 0 Lot :
-1-0.80.6-0.40.2 0 0.20.40.60.8 1 -1-0.8-0.60.4-0.2 0 02040608 1
VX=-1v ~ 1v VX=-1v ~ 1v
] 3-12 Probability of VA=0.7V ] 3-13 Probability of VA=0.8V
Mathematical_Va=0.9V Mathematical Va=1.0V
1 1
09
0.8 [,
0.7 "~
2 2
% 82 I —e—PL1L % —e_PLL
g 7 | —=—PL2 < —m—PL2
2 8-‘3‘ I PL3 & PL3
0:2 ? . ﬁ .
0.1} : 0.1
O L, Lyl L O Lo 1o 10 iaia1 Nololololole

-1-0.80.6-0.4-02 0 02040608 1
VX=-1v ~ 1v

®l 3-14 Probability of VA=0.9V
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Mathematical_Va=1.1V

Mathematical_Va=1.2V

28

1 1
09 0.9
0.8 08 |
> 0.7 F > 0.7
% 82 —e—PLL 3 82 —e—PL1
g 0.4 »I—I\\.\.\. —=—PL2 g 0'4 —=—PL2
T a \ PL3 a = M‘i PL3
0.3 0.3
0.2 t 02 |
01 | 01 |
ol SRRV SPIPBA ok oree
-1-0.80.6-0.4-020 0.2040608 1 -1-0.80.6-0.40.20 0.2040608 1
VX=-1v ~ 1v VX=-1v ~ 1v
Bl 3-16 Probability of VA=1.1V Bl 3-17 Probability of VA=1.2V
Mathematical_Va=1.3V Mathematical_Va=1.4V
1 1
09 09
0.8 0.8 |
> 0.7 > 0.7
3 0.6 \ —e—PL1 = 06 —e—PL1
g 05 —=—PL2 g05¢ —=—PL2
© 04} © 04}
a ,-""::akt,"""""""'\.\_ PL3 & S PL3
0.3 \ 0.3
0.2 0.2
01} \\.\ 01|
0 bt i N ol .
-1-0.80.604020 02040608 1 -1-0.80.60.40.2 0 0.20.40.60.8 1
VX=-1v ~ 1v VX=-1v ~ 1v
] 3-18 Probability of VA=1.3V ] 3-19 Probability of VA=1.4V
Mathematical_Va=1.5V Mathematical_VA=1.6V
1 1
09 0.9
0.8 08
0.7 0.7
£ 06| £ 06 [ P
o —e—PL1 o — e—PL1
c 05 © 05 |
Foe Tl Rl T e
% 03! w::""'"m R [ T Tee———— PL3
0.2 0.2
0.1 \ 0.1
oL e 0
-1-0.80.6-04-02 0 02040608 1 -1-0.80.6-0402 0 02040608 1
VX=-1v ~ 1v VX=-1v ~ 1v
®l 3-20 Probability of VA=1.5V Bl 3-21 Probability of VA=1.6V




VX=-1v ~ 1v

Mathematical_VA=1.7V Mathematical_Va=1.8V
1 1
0.9 09
08 08 |
0.7 0.7
P
% gg \\\ —e—PL1 % 82 7\ —e—PL1
o = —=—PL2 o - —a—PL2
g 04 s | | & 04 \ PL3
0.3 [m-=u=uuun (ORC I S ———
0.2 02 |
0.1 0.1
o 0
-1-0.8-0.604-020 02040608 1 -1-0.8-0.604-0.2 0 0.2040608 1
VX=-1v ~ 1v VX=-1v ~ 1v
Bl 3-22 Probability of VA=1.7V ®l 3-23  Probability of VA=1.8V
Mathematical_VA=1.9V Mathematical_Va=2.0V
1 1
09 09 |
0.8 | 08 |
- 0.7 . 0.7
= 06 = 06|
ol S5 1| Py S
——
. ofz o | <
02 | 02 |
0.1 - 0.1
0 ol v o v
-1-0.8-0.6-0.4-0.2 0 0.2040608 1 -1-0.8-0.6-0.4-0.2 0 0.2040608 1

VX=-1v ~ 1v

3.3 *#1
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] 3-24 Probability of VA=1.9V
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] 3-25 Probability of VA=2.0V
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FEFHCF
3 HE N b () 3-26) T 0 BIEEILEEVX 22t BB 24 T R VR4 27 VR - R

couple » Bk M ELL2 2 5 ¥ ik 4 F (Normal Distribution) » # %84 7 4o

1. o%x 5 M Vx ih% B ¥k (Variance) °

2. ol o%q A bl L e e B (Common Mode) ¥ £ # (Differential Mode) % £

% #c o

3. ANR=VR+—-VR- o

4. X & VxLéi’%(VRJr—VR-) HiE g o

A
v

oc, ot

VR - Vx VR +

] 3-26 Noise model of the test system

1. Normal (or Gaussian) Distribution 4% 5 4 % I #ic (Probability Distribution Function)

AT o X S AT RE 0 R ke
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2
f(x):é'gexp[—%{%} ] 00 X <00 (10)

P RBUfro R R ELEDIER D —codu<o v o)

f(x)
A
—F—
o o
~ > X
X=u

2, 4e32FFArik > Z A UVR  VR-TREER T RAGZH TR (LI ~L240
L3 o {3k Pvx ¥ Pwr. éﬁ%%gmﬁfbﬁ? SETRAWI S Sk F - RS

Pu ~ P22 Pus » #2285 40T o

B Pvx & Pwre 5 ¥ AT 0 Ry 4255(10) ) RS54 F 3 ke £ 7407 ¢

— 2
1 1| x=—X
Pyx(x) = — exp —E{ — }
\Y < 0OC

)

2
PVR+(y)=ﬁeXp —%|:y_a\d/R+:|
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F]pb s Pur o~ P2 82 Pusde™

Pu = ,D/; “Px (X)I\Z Pwe .y )dydx
PLa=[" Pux(x)[ Pve.(y)dydx (12)

Puis= [ Pux(x)[)" Pue.(y)dydx

> A258(12) » AP T OLF R > Puos P Pl i xandiice Flh 0 X 5 Vx &

1 T } . . , } s ,
5(VR+—VR—)FJ’J%L B s Pu o PPy 2 Vxedndier L85 oVl - Ko

I A N -

d 3L B L a4 0 1703 15-bit e ADC > BB LA #dp g et o B iR
Ahg 4 o Rp RN EART Fel TG Bl SN JE R T SR B B o 3 4
SE 5 P~ 4% eh=t B (Over Sampling)» 2 3% =% %¢7 SNR (Signal to Noise Ratio) » ¥ 5 452

Wt B2 RHEE > B RIERP AT o

B AL B I A 2 P74 o Normal (or Gaussian) Distribution » 3 2% i ﬁﬁﬁl A Eg

BWRENZE @R o B3 —p'(;\,_ o), p & probability o i+ Gaussian 3 #
¢ ogeri b (B 3-6) (X)o7 0 lo £ 5 709% iz A& (Confidence Level) » 20
s 959 MR 30 RA s 997% SR o FHAAE £ WE LR 997

9% iz BRI s PLEBRE S EN LR T 3 f N o

£23 %‘p) (£230) (13)

S AR (13) T BB N Ao B ¢ R o HmRANS HEMELR)

Lo s e Bl AR TR MR R 3 > A R R AR o CSNR chE & ¢



@ae s ¥ SNR#EZ 3dB > % Mg ek » fp g >4 BB > #1102 SNR» & 7

MR T 3R o SNR enF K 40T ¢

SNRzzolog(;/rms N B B (14)
7N
F Pl RPE > S pE SNReP®E £ 5 20log =+3dB °

/f

B s B e g Ptk che B Bk Seen SNR o TR MR AR 3 3 4

BRIHFER » A PR RS R b 1 2

TR
B CE2T kS HERAMRN o BaLS &b A HEPIEEIUEL > Ay 1024 8Lk

o (B 3-28) 5 27 A Bl4c-T ¢

255 256

Va
Vx

0 1023

767 768

B 3-28 = &7 3B

AR N HCE S AN R Ao T
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(i=0;i <=255;i++)
V(i)=Vx+i-% (15)

(i=256;i <=767;i++)

V(i)=Vx +VA—(i—256)~% (16)

(i=768;i <=1023;i ++)

V(i)=Vx _vA+(i—768)~% (17)

V(i) %5 EREE V(1024) > 2@ £ 4 1024 BB AR T B > TR 0 ] Bt
S S Vx S BVaiE o AP BT S 1024 = 0 RRP Ao 2 AR T R F L
R CHF7 il B PakAL SELE 1024 2 @ TREL V(1024) -
R H R > 2t TR 10240 pt 5 S0 REE S PR g DR R o PR D R4
VR+ ~ VR-Ap » J|ErH S F R 2R (Pus P2 Pu3) > WA 88 2 f258 4 7 4
o

BB 4 h=1024
(k=0;k <=h;k ++) > h @ B4 = #k

L = rand(k)9%1024 (18)

if (V[L]>Vr+)

PLs=PL3+1 (19)

else (V[L]<Vr-)
Pu=Pu+1 (20)
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else

PLa=PLa+1 21)

(B 3-20)~ (W1 3-32) 5 B % @ SRS %7 5 0 - § P f=cdicd 5 4o (W 3-29) -

P Rl 2N e e (B 3-15) g7 -

(Va=1.0V, VR+=0.5V, VrR-=-0.5V)

Random _1024 Sampling_Va=1.0V Random _512 Sampling_Va=1.0V

[EY
[

Probability
©OO0000O0 000
P NWAOOTO N0 O

‘

0.9
0.8
> 0.7
% 0.6 —e—PLL —e—PLL
S 82 = PL2 I ' = PL2
e PL3 \\i PL3
03 —
0.2 =
0.1 i
0 0 Liaraiaian
-1-0.80.60.40.2 0 0.20.40.60.8 1 -1-0.80.60.4-0.20 0.20.40608 1
VX=-1v ~ 1v VX=-1v ~ 1v
@ 3-29 1024 Sampling Bl 3-30 512 sampling
Random _256 Sampling_Va=1.0V Random _128 Sampling_Va=1.0V
1 1
0.9 09
0.8 0.8
2 07 \\ > 07
% 0.6 —e—PLL 3 8'6 —e—PL1
805 a —=PL2 g 05 —=—PL2
© 04 "\1 PL3 © 04
& & PL3
0.3 = 0.3
0.2 0.2
0.1 0.1
0 L L O Lalalalalal _l_l_l_l_l_l_l_&;.%%
-1-0.80.6-0.40.2 0 0.20.40.60.8 1 -1-0.80.6-0.40.2 0 0.20.40.608 1
VX=-1v ~ 1v VX=-1v ~ 1v
B®] 3-31 256 sampling Bl 3-32 128 sampling

= o 2> L e 2L
\_?% %Ui“j-?a— \‘!% 4 *3—%‘&‘-; 5
MR AHREAHAROR T A R FE 2 en T RaEE > 2T REE 4o
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T

4 3.q. Noise[101]

noise[lOl]={-3.09,-2.33,-2.05,-1.88,-1.75,-1.64,-1.55,-1.48,-1.41,-1.34,
-1.28,-1.22,-1.17,-1.12,-1.08,-1.03,-0.99,-0.95,-0.91,-0.88,
-0.84,-0.81,-0.77,-0.74,-0.71,-0.67,-0.64,-0.61,-0.58,-0.55,
-0.52,-0.50,-0.47,-0.44,-0.41,-0.39,-0.36,-0.33,-0.31,-0.28,
-0.25,-0.23,-0.20,-0.18,-0.15,-0.13,-0.10,-0.08,-0.05,-0.02,
0,
0.03,0.05,0.08,0.10,0.13,0.15,0.18,0.20,0.23,0.25,0.28,0.31,
0.33,0.36,0.39,0.41,0.44,0.47,0.50,0.52,0.55, 0.58,0.61,0.64,
0.67,0.71,0.74,0.77,0.81,0.84,0.88,0.92,0.95, 0.99,1.04,1.08,
1.13,1.18,1.23,1.28,1.34,1.41,1.48,1.56,1.65, 1.75,1.88,2.05,
1.75,1.88,2.05,2.33,3.09}

AN B AN LT AT
(k=0;k <=h;k++) » h : o=k
L =rand(k) %1024

n = rank(k) %101

if (V[L]+noise[n]*o >Vr+)

Pus=PuL3+1

else (V[L]+noise[n]*o <Vr-)

PLi=PuLi+1

else

PLo=PL2+1
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(B 3-33)~ (W] 3-36) & Hiktis s ks %7 5 § SNR g & 4 (B 3-33) 5

Mgz 2 2 e e (R 3-15) § 435 -

(Va= 1.0V, VR+=0.5V, VR-=-0.5V)

Random 256_SNR 12dB_Va=1.0v Random 256_SNR 9dB_Va=1.0v
1
09
08
2 07 % ] Epa
3 0.6 1 —e—PL1 2 o8| —e—PLL
g 8i —m—PL2 '5 | —=—PL2
T o3| PL3 P PL3
0.2 0.2
0.1 0.1 \\‘A_
0_\\\_\\\\\\\\\\\ lololo O"‘*“'““““““ ‘ol o
-1-0.80.60.40.2 0 0.20.40.60.8 1 -1-0.80.60.4-0.20 0.20.40.60.8 1
VX=-1v ~ 1v VX=-1v ~ 1v
Bl 3-33 12dB SNR Bl 3-34 9dB SNR
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