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OUTLINE

e Two step A/D converter
e Two step A/D converter with digital correction

e 1.5 b/stage pipelined converter with digital correction
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Two step flash converter

A/D 1 quantizes the input to M bits
Ideally, 0 < Vg < Visp1 (Vosp1 = Vyer/2M)

A/D 2 quantizes the amplified residue (2MV,) of A/D 1 to K
bits

A/D 1 needs to be accurate to N = M + K bits, A/D2 to K
bits. See HW4 solutions for detailed calculations.

Overal resolution is N = M + K bits. A/D1 provides M
bits (MSB), A/D 2 provides K bits (LSB)
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Two step flash converter with digital correction

A/D 1 quantizes the input to M bits
With INL=0.5LSB, 0 < V; < 2Vis51 (Vispl = Vier/2M)

Amplify by 2M—1 instead of 2™ so that the amplified residue
is contained in (0, V,.¢), the range of A/D 2

A/D 2 quantizes the amplified residue (2™ ~1V,) of A/D 1 to
K Dbits



Two step flash converter with digital correction

e A/D2 output can be used to determine if the output of

A/D 1 needs correction

— 0<2M=1y, <V, .r/4 : reduce A/D 1 output by 1

— Viep/d <2M~1V, <3V, /4 1 Use A/D1 output as is
— 3Vpep/4 <2M71V, <V, .} ¢ increase A/D 1 output by 1

e A/D 1 needs to be accurate to M bits, A/D 2 to K + 1 bits.

e Overall resolution is N = M + K bits. 1 bit redundancy
in A/D 2 helps relax A/D,1 requirements from N bits to M
bits. A significant practical advantage. A/D 1 provides M-1
bits (MSB) and A/D 2 provides K-+1 bits (LSB).



Multi step (pipelined) A/D converter with 1 effective
bit /stage

e Having a multi step converter with 1 corrected bit per stage
as described above implies 2 bit raw resolution in each stage.
This means a 2 bit A/D converter, 2 bit D/A converter and
an amplifier of gain 2. It turns out that this is not necessary
and a 1.5 bit resolution in each stage provides exactly the
same effective resolution as a 2 bit resolution in each stage.
This leads to significant savings in hardware.



Structure

1.5 bits/stage vs. 2 bits/stage
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1.5 bits/stage vs. 2 bits/stage

e In the ideal case, having 2 bits per stage has a smaller range
of residue than having 1.5 bits/stage

e In the nonideal case (INL < 0.5 LSB at the 2 bit level), having
2 bits per stage and 1.5 bits/stage result in exactly the same
range of residues

e [ herefore, there is no need to resolve 2 bits. 1.5 Dbits are
enough

11



Digital correction

obtaining 3 bit output Dy

, , ideal 1.5b stage nonideal 1.5b stage
3 bit AID 2bitAID | . .

: : 1.5 bit stage o/p 1.5 bit stage o/p

1 1

| | 0 1 2 0 1 2

'v,| 15bAD | Iv,| 2bAD

| + ! %— 0 0 X X % 0 0 2 4

' residue gen. | |

| 9 | & 1)1 (3|5 S 1|13 |5

i | i) 8

: 1.5 bits | 2 bits 2 201214 |6 2 2|24 |6

1 1 o o

: Cn | N3 x| x |7 N 3|36 |7

113 12

_:6_ Dn D1 D

i 8 i 2 x: redundant combinations; they don’t occur in the ideal case.

' ' they provide correction in the nonideal case

1 1

(2 comparators)
Analog path 1-52A/D Vin S | 2Vq
: S/H A/D ¢ D/A > 2
Quantizer and residue gen. \&/ |
residue generator T T
Vref Vref
+ 1.5 bits

Digital path Cu Cyv: {0, 1,2}
Digital correction ——{Dys Dy —— Dy = Dy, - 2V2C,, Dy: 0to 2V11

Dy 0to 2V21

e 1.5b stage is followed by an ideal 2 bit stage. This can
used to obtain 1 effective bit from the first stage.
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1.5 b/stage pipelined A/D converter with digital

correction

9 bit A/

D | 8bit AD | 7bit AD | 6bit AD | 5bit AD | 4bit AD | 3bitAD | 2bitAD |
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
i i i i i i i i
'V, | 15bAD Vg | 1.5b AID 'V, | 15bAD 'V, | 1.5bAD 'V, | 15bAD 'v, | 15bAD 'V, | 15bAD 'V, | 2bAD
— + ; + ; + ; + ; + ; + ; + ;
| residue gen.| | residue gen.| | residue gen.| | residue gen.| | residue gen.| | residue gen.| | residue gen.| |
E E E E E E E E
; Cq y1.5 bits | Cg y1.5 bits Cy y1.5 bits 1 Cg y1.5 bits | Cs y1.5 bits | C, y1.5 bits 1 C; y1.5 bits 2 bits
E Cy E Cu E Cy E Cy E Cy E Cu E C E
19 b b /8 b b V7 b b 116 b b /5 b b 1A b b 113 b b 12
! D‘g N N-1 E Ds N N-1 E D7 N N-1 E De N N-1 E D5 N N-1 E D4 N N-1 E D3 N N-1 E Dz
i i i i i i i i
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
(2 comparators)
Analog path 1.5b AID Vin QY | 2V,
+
Quantizer and residue gen. SH A/D D/A ), | 2
residue generator T T
Vref Vref
* 1.5 bits
Digital path Cn Cvi{0. 1,2
. . . N-1
Digital correction —— Dy Dy Dy =Dy - 2N-2CN Dy:0to2™-1
Dy.i: 0to 2V21
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1.5 b/stage pipelined A/D converter with digital
correction

e T he last stage is not digitally corrected. It has an output D>
with a 2 bit resolution.

e [ he last stage provides digital correction to the previous
stage. D> and (C3 are used to obtain a 3 bit output Dsj
corresponding to the analog voltage V3.

e D3 and (4 are used to obtain Dg4, the digital representation
of V4, and so on...
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1.5 b/stage pipelined A/D converter with digital
correction

e [ he analog residue propagates from the left to the right in
the figure. The digitally corrected output propagates from
the right to the left.

e Digital delays are needed to combine the stage outputs (Cpn, Dn_1)
appropriately. These are not shown in the figure.

e If the residue needs one clock cycle to propagate through
each stage and the digital correction needs 1 cycle in each
stage, the net latency is = 2NT,;;.. where N is the resolution
of the A/D converter.
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