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BE. Theymeter + R2ZR I-DAC (M )
c Flush ADC (V\/)

D. SAR ADPC (F)




Can combine thermometer code and binary ladder:

R
— W
22R 32R
I- !
Delay MSB binary to
Equalizer thermometer decoder
LSB Inputs MSB Inputs
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High Speed Flash ADC

STROBE *

PRIORITY
ENCODER
AND LATCH

!

M DIGITAL
QUTPUT




SAR Logic & control <
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Voltage-Mode Binary-Weighted
Resistor DAC Vie ¢

oot

] T =
Rfagsl.\ RJ4§Q-L szgzlﬁ RS llu

(/MSB . (%/LSB

w {1 {1 11 f]
BN e
0 V‘I.

Adapted from: B. D. Smith, “Cading by Feedback Methods,” Proceedings of the
1. R. E., Vol. 41, August 1953, pp. 1053-1058
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Thermqmete_r current DACs

] : Veet
]‘t‘ ] lﬂ' Tl]‘ K w -
2elidy o current
DECODER =3 OUTPUT INTO
. . VIRTUAL
-7 "'TQ GROUND
L/ , (USUALLY AN
SWITCHES OF AMP LV
I I I CONVERTER)
3-BIT
DIGITAL
INPUT

Output node at virtual ground

Each resistor contributes either 0 or Vref/R

If input digital code = k, k of the 2N — 1 switches will be turned on

| out = kVref/R
Inherently monotonic
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Use Matched Current Sources

&

',,»:L“ I : J\H T. Cew be
‘Tﬁ @ (‘f [ /5 (i) 1

== B
3-T0-7 A 7 i ey /X I- Smr ce
DECODER ( f ( { CURRENT

: : . . o OUTPUT

. MAY HAVE

7 1O COMPLIANCE
ramaglunss SWITCHES OF 1OR2V

1]

3-BIT
DIGITAL
INFUT
e Current mirrors to create identical current sources
 CMOS current sources are compact

« Cascode current mirrors to increase output inpedence
19



sor AT L (17

A TO
cebemeplent SWITCHES
F -
k i 3 '
I i l GLI’ CURRENT & %
QUTPUT QUTPUTS e OUTPUT

3-BIT \ MAY HAVE -

DIGITAL COMPLIANCE _—

INPUT OF 10R2V

Each current source and the two switches for a differential pair

Diflf]ere_gtial pair input connects Vinh and vinl that are enough to steer all tail current either to left or
right side

All tail currents in current mirror connection

The on side diff pair transistor and tail current transistor in cascode

Can cascode tail current source, to achieve double cascode R_out 20



Binary-Weighted Current Sources
Switched into a Load

&y ds s

_ | ""L
¥/ J -Jr,« v,

MSE ' , I T LcH
(IR

W
it o
=R (CAN BE EXTERNAL)

L
1
Y

QUTPUT
G ]
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Seqmented Current Output DACS

3 BIT M5B THEHMC}METEH DAC 4

"’R

t
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RESISTOR
BASED .
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[ (oLl L L l l L
RS RS RS RS RS RS 2RS 2R RS

jdmfmu rf

BIT R-2R DAC

A

'A"J

N

3BT MS8 THERMOMETER DAC 4- Bl

g i (5

T

e
(B) @@ ® @ u@ 0 ,(;:) o oROoRO
CURRENT- g | 2 -tﬁ/ 8 15&(
SOURCE A I _ k CJ () } /

CURRENT
QUTPUT

Oyt

O lout

\Y4

CURRENT
CUTPUT

BASED | T
{

O oyt

Instead of turning on and off current, use current steering;

‘? lout

V

Current steering is much faster, suited for high speed

Use differential pair as steering switch

Use just enough diff voltage to steer the current completely
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Thermometer + thermometer segmentation

EHIT M5B THERMOMETER DAC
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G- BIT LSE THERMOMETER DAC
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CURRENT
QUTPUT

B O
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BITS 1-5

14 14-BIT
i LATCH

DECODE

5-TO-31

BITS 6-9
DECODE

4-T0-15

51-BIT
LATCH

15

31
CURRENT
SWITCHES

1=512L58

15
CURRENT
SWITCHES
|=32158

CURRENT
CUTPUT

5 BINARY
CURRENT

FS=
2mh-
20mA

SWITCHES —

I=1L58

NOTE: Differential Outputs Mot Shown

T

v

o

me el

Example use
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Can combine thermometer code and binary ladder:

Deléy
Equalizer

MSB bihary to
thermometer decoder

J,.séﬁnputs
I5B

b:¥
1

il

MSB Inputs

$ht
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