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1.1  :  

 ( IC ) 

 ( Mixed Signal IC )

 

 

1149.4 Based On  Line Quiescent State Monitoring Technique [1]
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( Filter ) 3dB  

1.2  : 

ADC DAC

ADC DAC

go-no go 

DC AC DC

 ( Offset Error )  ( Gain Error )  

( Integral Nonlinearity INL ) ( Differential Nonlinearity DNL )

 ( Missing Code ) AC  ( Bandwidth ) 

 ( Total Harmonic Distortion THD ) SINAD ( Signal 

Noise Distortion SINAD )  ( Spurious Free Dynamic Range 

SFDR ) 

 ( Digital Signal Processing DSP )

 ( Fast Fourier Transform FFT ) 

 

1.2.1 DC/AC   
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DC  ( Continuity Test )

 ( Leakage Currents Test )  ( Power supply Currents Test )

 ( Signal Pin ) 

1-1    ( Power Pin ) 

 +100uA (  –100uA ) 

+1.5V ( -1.5V )  ( Open Fail )  +0.2V ( -0.2V ) 

 ( Short Fail )  

 

1-2

 ddV    1 ( 0 ) 

 

 1-1 Continuity  

Fail Open

PASS 

Fail Short 

 Force 

Measure 

100uA 

2.05V 
Range

Range Select

 I     V 

 I     V 

PMU 

0V

0V 

GT 
+1.5V

LT 
+0.2V
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 ( PMU ) ddV   ( 0V )  IIH ( IIL )

IIH > 10uA ( IIL < -10uA )   

 ( Power down mode )  ( Standby mode )

 ( Normal mode ) 1-3   ddV  

1 10ms

 1-2 Leakage currents  

 1-3 Supply currents  

 Force 

Measure 

0V 

9.5uA 
Range

Range Select

I     V 

  I      V

PMU 

Vss=0V 

GT 
+10uA

LT 
-10uA

Vdd max 

DUT 
IIH 

IIL 

Fail IIH

PASS 

PASS 

Fail IIL 

 Force 

Measure 

5.25V 

35mA 
Range

Range Select

 I    V 

 I     V 

PMU 

Idd 

DUT 

GT 
+45mA 

LT 
-1mA 

Fail Idd 

PASS 

Fail Idd
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 ( input offset )  ( output offset ) 

 ( zero 

offset )  ( analog ground )

1-4  

 

 

 

 

 

 

 

 

 

 

 

 

 

 ( Close Loop Gain ) 

I

O
V
V

dBG
∆
∆

= 10log20)(  

AC  ( Gain )  ( Phase )

( Distortion )  ( Signal Noise Ratio )  (  Noise )    

 ( Arbitrary Waveform Generator 

AWG )  ( Digitizer )

AC  

 

 

Vo 

Vi

Typical 

Ideal 

IG

TG

Input-referred Offset

Output 
Offset 

 1-4 DC Offset  
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 ( Absolute Gain ) 1KHz

DSP

1-5  

 

 

 

 

 

 

 

 ( Harmonic Distortion ) 

 ( Total Harmonic Distortion THD ) 1-6

m

N  

 

Total Power P=� 2
iX  

 

Fundamental Power 2
mm XP =                 SNR = 10 log 

N

m
P
P

 

 

Harmonic Power �=
m
N

iH XP
2

2                THD = %100×
m

H
P
P

        

 

Noise Power �=
N

iN XP
1

2    kmi ≠  

OV

AWG DUT Digitizer 

INV

I

O
V
V

G =

 1-5 Absolute Gain  
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1.2.2 ADC/DAC   

ADC DAC

DNL INL

( Monotonic )

( Effective Number Of Bits ENOB )  ( Dynamic Deviation ) 

ADC DAC  

DNL  ( code ) 

DNL LSB5.0± 1-7

3-bit ADC  

LSBDNLDNLDNL 0410 ===  

LSBLSBLSBDNL 5.015.12 =−=  

LSBDNL 5.03 −=  

LSBDNL 5.05 −=  

LSBDNL 5.06 =  

LSBLSBLSBDNL 05.15.17 =−=  

 1-6 Harmonic Distortion  

 
iX

Fundamental 

Harmonics

N points / m periods

f

Noise Flow

Offset
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INL

INL LSB1±  

 

000

001

010

011

100

101

110

111

Digital code 

ref

in
V
V

0 1/8 2/8 3/8 4/8 5/8 6/8 7/8 8/8

 1-7  3-bit ADC for DNL  

ideal

 1-8  3-bit ADC for INL  

000

001

010

011

100

101

110

111

Digital code 

 
ref

in
V
V

0 1/8 2/8 3/8 4/8 5/8 6/8 7/8 8/8 

Straight line 
Through end transitions 

5/16 
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1-8 3-bit ADC  

LSBINL 07,5,4,2,1,0 =  

LSBINL 5.0
16
1

16
5

8
3

3 ==−=  

LSBINL 5.06 −=  

 

ADC

1-9  

 

000
001

010

011

100

101

110
111

Digital code 

ref

in
V
V

0 1/8 2/8 3/8 4/8 5/8 6/8 7/8 8/8 

Ideal 

 
Actual 

Offset error

 1-9  3-bit ADC Offset Error  
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1.3  : 

 ( Digital Channels ) 

PE ( Pin Electronics ) PE  ( Dual 

Comparators ) 

--  ( Device Interface Board ) 

PE 

 

 ( Low Pass 

Filter ) 

MATLAB  ( Linear 

Feedback Shift Register LFSR )  ( Pseudo Random 

Noise ) 

3dB
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1.4  : 

( ATE Digital Test 

Channels ) 

 ( Test Vectors ) MATLAB
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2.1  : 

2-1

 ( Logic Gate ) 1

0 1 0

 

( Test Vectors )  ( Local 

Memory )  ( timing ) PE IHV ILV

PE OHV OLV    
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 ( AND Gate ) 2-2-1 A B C

2-2-2

2-2-3 2-1

PE

 
 
 

DUT 

101010LH 
010101HL 

vector 

 Local Memory 

Timing 

 PE’s 

IHV

ILV

 PE’s 

OHV

OLV

Strobe 
Timing 

Compare 
pass / fail 

IN OUT 
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Pattern Data 
 
step     A  B   C 
 
    1      0   0    0   
    2      0   1    0 
    3      1   0    0 
    4      1   1    1 

2-2-2  test vector  

A 

B 
C 

DUT 

2-2-1 AND GATE

step1 step2 step3 step4 

0 0 

0 0 

0 0 0 1 

1 1 

1 1 

2-2-3  

2-2

A 

B 

C 
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2.2  : 

2-4

 ( ADC ) 

 ( Digital Data )

INL DNL

2-3

( Amplifier ) 

 ( Timing Control )  ( DAC ) 

 ( RMS ) 

2-3

IN OUT 
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2.3 Pin Electronics  : 

Pin Electronics  ( PE Circuit ) PE 

 ( Test Head ) 256

256 PE PE 2-5

 ( Programmable Driver ) 

( Dynamic Current Load Circuits )  

 

 

 
IN   OUT 

Frame  
Data 

Timing 

Digital to Analog 
Converter 

AMP 

DUT 

Captured Data 

Analog to Digital 
Converter 

 

SOURCE SEQUENCER ( To DSP ) MEASURE SEQUENCER 

AMP 

Timing 

2-4



  

 - 17 - 

 

 -- 50  – IHV ILV  

  – OHV OLV  

OHV  1 ( Logic High ) 

OLV 0 ( Logic Low )

 ( High Impedance ) 

OHI OLI CMV CMV

PE  ( OHI ) CMV

CMV PE  ( OLI ) 

CMV

 2-5 Pin Electronics  

Drive Data 

Compare   High 

 
Compare Low 

 

Drive 
Impedance 
50 ohm 

 

  
  
  
  
DUT 

 

PMU 
BUS 

 
I/O 
relay 

 

PMU relay 

Programmable 
Active Loads 
(  “On ” when Driver 
Is “Off ”  ) 

 

DUT 
Output 

 

T0 

 

 

IHV

ILV

OHV

OLV

OLI

OHI

OHI

OLI

CMV

CMV
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2.4  : 

3dB

2.4.1   

2.5

2-6  - - 

PE

IHV ILV IHV ILV

2-7
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PE

OHV  ( 3L ) OHV OLV  ( 2L ) 

OLV  ( 1L ) 2-8

 

2-6

Tester 

IHV

ILV

+RV

−RV

 
- 
+ 

D 
U 
T

R 

C

TESTER PE Circuit Device Interface Board  

 
- 
+ 

R 

C 

t 

iV

IHV

ILV

 

 2-7  
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2.4.2   

PE L3 L2 L1

L3 L2 L1 3dB

2-9

MATLAB

3dB

 

T 

+RV

−RV

XV
2L 3L

2L

2L 1L 2L

AV  

2-8 +RV −RV
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2.5  : 

 
 

Filter 
 

 
DUT 

 
 
Linear 
Feedback 
Shift 
Register 
 

OHV

OLV

3L

2L

1L

 2-9  

Load Board 

Tester PE Circuit 
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XV  ( DC Offset Voltage ) 

AV  ( Amplitude ) 

+RV  ( Dual Comparators OHV  ) 

−RV  ( Dual Comparators OLV  ) 

3L +RV  

2L +RV −RV  

1L −RV  

T  

3PLT 3L  

+RV

−RV

T 

1T

2T

3PLT

1PLT

AV
XV

3L

2L

1L

 2-10  
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1PLT 1L  

1T 2L 3L  

2T 2L 1L  

1L  :  ( XV  < −RV < +RV  )  

2L  :  ( −RV  < XV  < +RV  )  

3L  :  ( −RV < +RV < XV  ) 

∆ −+ −= RRR VVV

T
V

T
V

mSlop AA 4

4

: ==

12 2
1

4 PLTT
T =−� )

4
(2 21 T
T

TPL −=�

312

13

21

1

)
4

(2

)
4

(2

PLPLPL

PL

PL

TTT

T
T

T

T
T

T

−−=

−=

−=

�

m
VV

T XR −= +
1

31 2
1

4 PLTT
T =−�)

4
(2 13 T
T

TPL −=�

m
VV

T RX −−=2
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1LP  : −RV  

2LP  : +RV −RV  

3LP  : +RV  

312

3
3

1
1

1 LPLL

PL
L

PL
L

PPP
T

T
P

T
T

P

−−=

=

=

A

XRPL
L V

VV
T

T
P

22
13

3
−−== +

A

RX

A

RX

RX
PL

L

V
VV

T
T

V
VVT

T
m
VVT

T

T
T

T
T

P

22
1

)
44

(2
)

4
(2)

4
(2 2

1
1

−

−
−

−
−=

−
−

=

−
−

=
−

==

�

A

RR
L V

VV
P

22
−+ −=
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 +<+ RAX VVV  

 : +>+ RAX VVV  and −<− RAX VVV  

+RV

−RV   

XV

0

22
1

22
1

3

2

1

=

−+=

−−=

−

−

L

A

RX
L

A

RX
L

P

V
VV

P

V
VV

P

+RV

−RV

XV
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A

XR
L

A

RR
L

A

RX
L

V
VV

P

V
VV

P

V
VV

P

2

2

22
1

3

2

1

−=

−=

−−=

+

−+

−

 : −>− RAX VVV  

2.6  : 

+RV

−RV

XV

A

XR
L

A

XR
L

L

V
VV

P

V
VV

P

P

22
1

22
1

0

3

2

1

−−=

−+=

=

+

+
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 ( +RV and −RV  ) 

N +RV 1N −RV

2N  

N
N

PL
2

1 =
N

NNN
PL

21
2

−−=
N
N

PL
1

3 =
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3.1  : 

 ( AV  ) 0.5V 2.0V 0.1V

 ( XV  ) -1.0V 1.0V 0.1V 1LP 2LP 3LP

VVR 5.0=+ VVR 5.0−=− 16

3-1~3-16  

 3-1 AV =0.5V   3-2 AV =0.6V  
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 3-3 AV =0.7V   3-4 AV =0.8V  

 3-5 AV =0.9V   3-6 AV =1.0V  

 3-7 AV =1.1V   3-8 AV =1.2V  
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 3-9 AV =1.3V   3-10 AV =1.4V  

 3-11 AV =1.5V   3-12 AV =1.6V  

 3-13 AV =1.7V   3-14 AV =1.8V  
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3-1 AV =0.5V +RV =0.5V −RV =-0.5V

VVX 0≥ VPL 01 = VVX 0≤ VPL 03 = ≤XV 0V 2LP

VVX 0≥ 2LP 3-6

VVX 5.0≥ 01 =LP VVX 5.0−≤ 03 =LP ≤≤− XVV5.0 5V

5.02 =LP 3-11

VVX 0.1~0.1−= 333.02 =LP 1LP 3LP

 

3.2  : 

 

 3-15 AV =1.9V   3-16 AV =2.0V  
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VVA 5.0= VVA 0.1=

VVX 0.1~0.1−= VVR 5.0=+ VVR 5.0−=−

256 512 1024

3-17

VVA 5.0= VVA 0.1=

im_r

tri_s

tri_sim_random_256 for Va=1.0V

 3-17  
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3-17 VVA 5.0=

VVA 0.1=

3-1 3-6

XV AV

 

3.2.2   

3.2.1

( Normal Distribution )

3dB

3dB

SNR=0dB 1024 SNR=3dB 512 SNR=6dB

256 3-18 3-6

3-18
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rmsV  :   

σ   :  

Nσ  :  N  

N   :  N

(1) 0dB - - sample 1024 points 
 

SNR = 0dB  

 
(2) 3dB - - sample 512 points 

SNR = 3dB 

 
(3) 6dB - - sample 256 points 
 

SNR = 6dB 

�
)log(20

σ
rmsV

SNR = N
N

σσ =

321024
1024

rms
rms

V
V ==�= σσσ

32512
2

2
512

rms

rms

rms V
V

V
==�= σσ

32256
4

4
256

rms

rms

rms V
V

V
==�= σσ
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3.3 10-bit LFSR  : 
 

MATLAB  

 

 

 : 0dB - - sample 1024 points 

 : 3dB - - sample 512 points 

 : 6dB - - sample 256 points 

 3-18  
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10-bit

1310 ++ XX D  ( D-type Flip-Flop ) 

 ( XOR Gate ) 3-19  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
MATLAB

3-20

1023 10-bit DAC

100KHz 1MHz 10-bit DAC

-1~1V  

 
 

 

 

 

 

 

 

 

 

 

 

 

D10 

+ 

 

 3-19 10-bit LFSR  

10 
bit 
L 
F 
S 
R 
 

 

• 
• 
• 

10 
bit 
D 
A 
C 
 

I 
N 
T 
E 
R 
P 
O 
L 
A 
T 
I 
O 
N 
 

FFT 

LPF7KHz 

A 

B FFT 

 3-20 10-bit LFSR  



  

 - 37 - 

 

3-20

7K 3-21

A A

A

100KHz A

50dB B C A

50dB 50dB

A

7KHz 3dB

7KHz

3dB  

 

 

 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 

 3-21 LPF 7K  

A 

B 
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3.4  : 
 
 

20-bit

3dB

3dB 3-22 20-bit

1320 ++ XX   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

D20 

+ 

    … 

 3-22 20-bit LFSR  

20 
bit 
L 
F 
S 
R 

 

 

• 
• 
• 

 
20 
bit 
D 
A 
C 
 

 

I 
N 
T 
E 
R 
P 
O 
L 
A 
T 
I 
O 
N 
 

LPF 
4KHz 

LPF 
20KHz 

LPF 
70KHz 

Scope_A 

Scope_C 

Scope_B 

Scope_D 

 3-23  20-bit LFSR  
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3-23 20-bit

1048575 20-bit DAC

100KHz 1MHz 20-bit DAC -

1~1V MATLAB

3-24 Scope_ A

Scope_ B ~ D

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Scope_ A Scope_ B 

Scope_ C Scope_ D 

 3-24  
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MATLAB

3-25 20-bit

100KHz 1MHz DAC -1~1V

VVR 5.0=+ VVR 5.0=− 11

3dB 1K 2K 4K 7K 10K 20K 40K 70K 100K

200K 400KHz 256 1024 4096

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3dB 3-

26 X 3dB Y

2LP 1LP

1L 3L

2L 1L 1LP 3LP

2LP 1LP   2LP 0.5 1LP  

 

 

20 
bit 
L 
F 
S 
R 
 

 

• 
• 
• 

 
20 
bit 
D 
A 
C 
 

 

I 
N 
T 
E 
R 
P 
O 
L 
A 
T 
I 
O 
N 

LPF 

+RV

−RV

 3-25 LPF

2L

3L

1L
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0.25

3dB 4096

1LP = 0.12

2LP =0.76 3dB

10KHz  

 

 

 

 

256 Points

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

1K 2K 4K 7K 10K 20K 40K 70K 100K 200K 400K

LPF Frequency

Pr
ob

ab
ili

ty

1024 Points

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

1K 2K 4K 7K 10K 20K 40K 70K 100K 200K 400K

LPF Frequency

Pr
ob

ab
ili

ty

4096 Points

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

1K 2K 4K 7K 10K 20K 40K 70K 100K 200K 400K

LPF Frequency

Pr
ob

ab
ili

ty

 3-26 LPF  
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4.1  :  

PE

 

 

 

4.1.1   

 
4-1

( analog channels )   
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256

PE IHV ILV -2V

+7V -2V +7V PE

35mA 100MHz  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

4.1.2   

 

4-2 ATE

4-3

PE IHV ILV

73.6uS

 4-1  
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13.59KHz 13.59KHz

PE

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
- 

+

0.75K 

0.1uF 

10K 

 
10K 

- 
+ 

Input Stimulus 

DUT 

connect 
digital 
channel 

connect 
digital 
channel 

 4-3  

13.59KHz 
 

DC offset 

 4-2  
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4.2  :  

 

   ( AV  ) 1.0V 1.3V 1.5V   

 ( XV  ) -0.5V +0.5V 0.1V

PE

VVR 5.0=+ VVR 5.0−=−

13.59KHz 100KHz

1024 13.59KHz

100KHz

 

4-1 4-4 ~ 4-15  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VA 1.0V 1.0V 1.0V 1.0V 1.0V 1.0V 1.0V 1.0V 1.0V 1.0V 1.0V 1.0V

VX 0V 0V -0.5V -0.4V -0.3V -0.2V -0.1V 0.5V 0.4V 0.3V 0.2V 0.1V

 4-4  4-5  4-6  4-7  4-8  4-9  4-10  4-11  4-12  4-13  4-14  4-15

 4-1   
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 4-4 VVX 0=   4-5 VVX 0=  

 4-6 VVX 5.0−=   4-7 VVX 4.0−=  

 4-8 VVX 3.0−=   4-9 VVX 2.0−=  
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   4-12 VVX 4.0=  

  4-11 VVX 5.0=     4-10 VVX 1.0−=

  4-13 VVX 3.0=  

      4-15 VVX 1.0=        4-14 VVX 2.0=  
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4-15  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-16

VVX 5.0~5.0−= VVR 5.0=+ VVR 5.0−=−

2LP 1LP 2LP    

 

 

_ _

Tester_

 4-16  

 VVA 0.1=  
 VVA 3.1=  
 VVA 5.1=  

X  : VVX 5.0~5.0−=  
Y  :  0 ~ 1 
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3-6 3-9 3-11  

 

 

 

4.3  : 

4-16 AV

XV 4-2 VVA 0.1= '
AV  '

XV

4-3 VVA 3.1=  '
AV '

XV 4-4

VVA 5.1= '
AV '

XV 4-5

VVA 0.1= 1.3V 1.5V  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VA=1V PL1 PL2 PL3      Vx’ 

Vx=-0.5V 0.498047 0.501953 0 0.9961 -0.4961 
Vx=-0.4V 0.447266 0.505859 0.046875 0.9884 -0.3958 
Vx=-0.3V 0.396484 0.50293 0.100586 0.9942 -0.2942 
Vx=-0.2V 0.348633 0.509766 0.141602 0.9808 -0.2031 
Vx=-0.1V 0.294922 0.504883 0.200195 0.9903 -0.0938 
Vx=0V 0.243164 0.508789 0.248047 0.9827 0.0048 
Vx=0.1V 0.196289 0.505859 0.297852 0.9884 0.1004 
Vx=0.2V 0.145508 0.504883 0.349609 0.9903 0.2021 
Vx=0.3V 0.097656 0.504883 0.397461 0.9903 0.2969 
Vx=0.4V 0.044922 0.503906 0.451172 0.9922 0.4031 
Vx=0.5V 0 0.49707 0.50293 1.0059 0.5059 

 4-2  VVA 0.1= AV ’ XV ’   

       VA’ 
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VA=1.3V PL1 PL2 PL3        VA’      Vx’ 
Vx=-0.5V 0.499023 0.388672 0.112305 1.2864 -0.4975 
Vx=-0.4V 0.461914 0.388672 0.149414 1.2864 -0.402 
Vx=-0.3V 0.425781 0.383789 0.19043 1.3028 -0.3066 
Vx=-0.2V 0.385742 0.386719 0.227539 1.2929 -0.2045 
Vx=-0.1V 0.34668 0.387695 0.265625 1.2897 -0.1045 
Vx=0V 0.304688 0.388672 0.306641 1.2864 0.0025 
Vx=0.1V 0.267578 0.387695 0.344727 1.2897 0.0995 
Vx=0.2V 0.227539 0.388672 0.383789 1.2864 0.201 
Vx=0.3V 0.19043 0.387695 0.421875 1.2897 0.2985 
Vx=0.4V 0.148438 0.389648 0.461914 1.2832 0.4023 
Vx=0.5V 0.116211 0.385742 0.498047 1.2962 0.4949 

VA=1.5V PL1 PL2 PL3       VA’       Vx’ 
Vx=-0.5V 0.498047 0.333984 0.167969 1.4971 -0.4942 
Vx=-0.4V 0.467773 0.336914 0.195313 1.4841 -0.4043 
Vx=-0.3V 0.43457 0.332031 0.233398 1.5059 -0.3029 
Vx=-0.2V 0.402344 0.333008 0.264648 1.5015 -0.2067 
Vx=-0.1V 0.369141 0.330078 0.300781 1.5148 -0.1036 
Vx=0V 0.334961 0.335938 0.329102 1.4884 -0.0087 
Vx=0.1V 0.296875 0.336914 0.366211 1.4841 0.1029 
Vx=0.2V 0.262695 0.339844 0.397461 1.4713 0.1983 
Vx=0.3V 0.232422 0.336914 0.430664 1.4841 0.2942 
Vx=0.4V 0.199219 0.332031 0.46875 1.5059 0.4059 
Vx=0.5V 0.167969 0.332031 0.5 1.5059 0.5 

 4-3  VVA 3.1= AV ’ XV ’   

 4-4 VVA 5.1= AV ’ XV ’  
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4-17

4-17 X

VVVX 5.0~5.0−= Y -0.05V 0.05V 4-16

AV 2% 4-18 XV 0.01V

 

VA=1.5V VA=1.3V VA=1.0V error error error 
VA=1.5V VA=1.3V VA=1.0V 

Vx = -0.5V VA’ =       
Vx’ =       

Vx = -0.4V VA’ =       
Vx’ =       

Vx = -0.3V VA’ =       
Vx’ =       

Vx = -0.2V VA’ =       
Vx’ =       

Vx = -0.1V VA’ =       
Vx’ =       

Vx = 0V VA’ =       
Vx’ =       

Vx = 0.1V VA’ =       
Vx’ =       

Vx = 0.2V VA’ =       
Vx’ =       

Vx = 0.3V VA’ =       
Vx’ =       

Vx = 0.4V VA’ =       
Vx’ =       

Vx = 0.5V VA’ =       
Vx’ =       

 4-5 VVA 0.1= 1.3V 1.5V  
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 4-18 XV   

 4-17 AV  
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