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Flash <5G samples/s Up to 8bit

Two-step <100M samples/s Up to 16bit

interpolating <3G samples/s Up to 6bit
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Flash converters

A Y
/

NS

mn)
A A AMAAAMN AN M ~—
3 3
VA
o

(2'-1)to N
a v, 0 encoder
Vgl
{1 h
\ ]
R Vg = /
Bubble ert

Fig. A 3-bit flash A/D converter
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Example 1
Find the digital output during the operation of the 3-bit flash A/D
converter.
Assume that V. = 1.23V, 2.4V, 3.6V, V, = 5V. .
|
V, = 085RR x V. =0.3125V : V. :485RR x V., =2.8125V
% V., > i
% V., _185—RR V,=0.9375V | V. _585—;2 x V., =3.4375V
P . .
; 2.5-R : _6.5R
3 = x V. =1.5625V = xV_, = 4.0625V
Vs >_ 8 R I 8 R
— :: 3.5-R I 75-R
%: V.. ;>__ {i‘;;;zrhl Euc::}gdttzl V., :W Ve =2.1875V | V= e xV =4.6875V
% r I--------------I------
- Vin - 1.23V I - Vin = 2.4V I - Vin = 3.6V
| |
| |
Vie <V <V 1 Vi <V <Vis 1 Ve <V <V
| |
Thermometer 00000011 I 00001111 I 00111111
l | \l' |
. . | |
Fig. A 3-bit flash A/D converter Binary 010 i 100 i
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! Two-step A/D converters

V. abit N 4-bit
in MSB D/A LSB
A/D A/D
Gain amp
First 4 bits Lower 4 bits
(by, by, by, by) (bs, bg, b7, bg)

Fig. 17.29 An 8-bit two-step A/D converter

s Area & power consumption | 2 Speed limitation by bandwidth &

-©
©

Reduce the number of comparators settling time of gain amp
Ex) 8-bit A/D converter Require accurate gain amp
Flash ADC Two-step ADC
Comparato Comparator :
r: 28 = 256 2 X 24 =32
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Two-step A/D converters
(Two-step Flash ADC)
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Example 2

Find the digital output during the operation of the 4-bit two-step A/D
converter(flash ADC). Assume that V,, = 1.23V, 3.6V, V = 5V.

2-bit I\ . 2-bit
2-bit
Vin
MSB D/A LSB
A/D A/D
Gain amp
First 2bits Lower 2bits
(b1: bz) (b b )
- Vin = 1.23V | | » by
Fig. 17.29 An 4-bit two-step A/D converter
I - First 2bits I - Lower
I [ 2bits
V,=rRov,=125v | Vin <V Va=Vin = Vs RV
R : -123-0=123 ! gain = ¥r3
2.R I \l, i \l,
V, :4 = xV =25V I I
V,=——xV_=3.75V
3TA R I l/ Vo =4-1.23 l -
! V, =0V = 4.92V !
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Example 2(Cont.)

Find the digital output during the operation of the 4-bit two-step A/D
converter(flash ADC). Assume that V,, = 1.23V, 3.6V, V = 5V.

2-bit |\ . 2-bit
2-bit
Vin
MSB D/A LSB
A/D A/D
Gain amp
First 2bits Lower 2bits
(b1l bZ) (b b )
- Vin = 3.6V | | ‘B
Fig. 17.29 An 4-bit two-step A/D converter
I - First 2bits I - Lower
I [ 2bits
vﬂ:l'ixvrefﬂ.zsv I Vo<V <V, Vo=V Vs 1 v oy
| : ~36-25-11V | SR
2.R I J | |
V, :4 |:\)><Vref=2.5V I I
3R : b,,b, =10 | : b;,b, =11
V,=——xV_ =375V
ERr= X Vet [ l, Vi =4-1.1 i
! V, =2.5V _ 4.4V !
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Example 3

If the gain of gain amp is 3.4, Find the digital output during the operation
of the 4-bit two-step A/D converter(flash ADC). Assume that V,, = 3.6V, V,

= 5V.
2-bit |\ . 2-bit
2-bit
Vin
MSB D/A LSB
A/D A/D
Gain amp
First 2bits Lower 2bits
(b1: bz) (b b )
- Vin = 3.6V | | ‘I
Fig. 17.29 An 4-bit two-step A/D converter
I - First 2bits I - Lower
i [ 2bits
v, =Ry, =125v 1V, <V, <V, Ve=Veo Y LV, <V <V
R ' -36-25=11v | G2
2R _ I J i
Vr2 R ref — I I
o I b,b,=10 J ]
V vV, =375v | I
PTL R i J V., =3.4-1.1 i
: V,=2.5V —3.74V :
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Interpolating A/D converters
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Fig. 17.31 A 4-bit interpolating A/D converter
(interpolating factor of 4)
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Example 4

Find the digital output during the operation of the 3-bit interpolating A/D
converter. Assume that V., = 0.23V, 0.6V, V, = 1V.

v - Vin = 0.23V
REF v/
Vi, 4 Db Vin Volts
Ot ~ V A n
A> 2 A }_ Vb ;
> R > \
= Vaq o 0 \
R >_ \
%R Vap x—bg s
Vbp Va2 R \_; 0Ol 8to3 3-bit \
A
. VSR >€ encoder digital [\ 8 Comparator
VREF +A1 " [ >_ output ' A Threshold
0 é - Via f—s }g
=V. R -
\%R Vip m>2 Vié
- V L
1 Vie R N S 1 P
= " >_

0
— 0

Fig. 17.31 A 3-bit interpolating A/D converter 0.25V 0.5V 0.75V 1V

(interpolating factor of 4)
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Example 5(Cont.)

Find the digital output during the operation of the 3-bit interpolating A/D

converter. Assume that V.. = 0.23V, 0.6V, V
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Fig. 17.31 A 3-bit interpolating A/D converter
(interpolating factor of 4)
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