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Flash ADC Architecture

Vi Strobe « Reference ladder
f I f consists of 2N equal
Y size resistors
'—i: * Input is compared
Py to 2N-1 reference
g 8 voltages
: : S 7> Dot . Massive parallelism
L
f * Very fast ADC
architecture
:  Latency=1T =
— 1/f
2" »  Throughput = f,
comparators

« Complexity = 2N
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Thermometer Code

Ves Vi
Fs : Strgbe _| Thermometer code
fs
N 0
F>—
—— o
q .
i Binary Code
L : Backend
J= "
2N-1
comparators
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Thermometer Code

Vs Vi Strobe Thermometer code

o o |

1 |
, 010
1
%J, 001

000

|RAL

11—

2N-1 1-of-n code
comparators

ROM encoder
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Flash ADC Challenges

A
« Vpp=18V
B I 1mV * 10-bit — 1023 comparators
— * V=1V — 1LSB=1mV
_ « DNL<05LSB — V_<0.5LSB
1V > « 05mvV=350 — 0=0.1-02mV
B « 2N-1 very large comparators
— « Large area, large power consumption
* Very sensitive design
! « Limited to resolutions of 4-8 bits
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Flash ADC Challenges

Vos, max [mV]

128

32

0.5

6 8
N [bits]

10
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DNL < 0.5 LSB

Large Vg relaxes
offset tolerance

Small Vg benefits
conversion speed
(settling, linearity of
building blocks)



ADC Input Capacitance

A 2
2 Vth 2
o (V, )= C. =10fF/pm
( th) WL g H
« N =06 bits — 63 comparators :
N (bits) | # of comp. C,, (pF)
* Vgg=1V — 1LSB=16 mV
6 63 3.9
« 0=LSB/4 — 0=4mV
A 10 mV L=0.24 0 295 220
* vro = 1V mv-um - — L =0U.24 pm,
271
W = 26 um 10 1023

« Small V leads to large device sizes, hence large area and power

» Large comparator leads to large input capacitance, difficult to drive and difficult to
maintain tracking bandwidth
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Fully-Differential Architecture

PA

N

Encoder

+> I:)out

VY Y

AN
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Vg doubled

3-dB gain in SNR
Better CMRR
Noise immunity

Input feedthrough
cancelled

C., nonlinearity
partially removed

Effect of V_, diff.
mitigated



Flash ADC Design Considerations

« Use a dedicated S/H (or T/H) for better dynamic performance
— Can be avoided when using the A/D inside a AX loop
« Large input range for the quantizer has several benefits

— Increased step-size (V| gg) relaxes offset requirements on the comparators

— Reduced matching requirements result in small input cap to the S/H, easier to
drive

— Reduced input cap results in smaller clock routing parasitics — power savings in
clock drivers

« Comparator Design

— See comparator design slides
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Flash ADC: Reference Ladder

» Differential reference ladder
Viop

et Vbot » Decaps on the reference taps
=\U>
ip—— d<14> — large RC time-constant will not allow
T m— 1 - reference restoration after kickback noise
_ Vref<14> db<14> 2 — Small R will lead to power dissipation
-
r — Optimize RC
E —L
Q | 4bitdata e Subtract references from the input in
(ADC output) . .
Vref<14> d<0> | Z a differential manner
Ip ~ :
S I — Several topologies
Vbot Vref<0> db<0> « Several architectures for the digital
backend
Vtop

— May need to pipeline digital logic at high
sampling rates >500 MS/s
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Reference Generator (for V

refp and Vrefm)

[Brooks 1994]

MP1
Vrs 4y
Regulated Supply

=
el
[+

[ ]

- i . §
!"] i3 1!"! P wos, Vref = R2/A1 2 VT In{A)

+ R4/R3 ' Vbed
:-Ilups ::'upg Mmo:] ’

T + VR2-

MPE MP7

O
R |
ccurel | Vref
Iguu:: o.qu+
Vbg ] P o
Lo | ., 244K 3
62K MNE as
VSS S mnz | Vdda
Suppl Pl ; y | Differential / vref
I_Regsgtyor - b— santup Bipolar Core Reference I | Co
+
External decoupling caps provide dynamic currents R1 |
— Low power reference buffer -
gn
(@ Vdda
R
| VWA 1) Vietp - Vem)(15/R)
Re V
n
Ci= C
vdd _> 1 T ext
—{T} - \/&V‘ Vo i,
AN, * (i) (Von - Vi) (15/R)
R
(b) gnd
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Flash ADC: Reference Subtraction




Reference Subtraction: Scheme |

Vdda nda «  Employ reference ladder for subtraction
O 0 « Choose current (1) such that differential
jd{M} voltage drop across R =1V g5
+ % ‘\7 » Ladder is part of the signal path
Amax ? — Comparator input cap load the resistor taps
DAL
- - — Excess delay
Vip ) ¥
+ Vim
N - 0.5V, — AV
A : Amax = dd
max : . 2
§ Amax .
- é +
. h}“mmqu}
——_ J_—
CD (D Paton, S., Di Giandomenico, A., Hernandez, L., Wiesbauer, A.,
Potscher, T., & Clara, M. (2004). A 70-mW 300-MHz CMOS
gnda continuous-time A ADC with 15-MHz bandwidth and 11 bits of
resolution. IEEE Journal of Solid State Circuits, 39(7), 1056—
1063.
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Reference Subtraction: Scheme ||

Vdda gnda « Source followers to buffer v,,
— reduced swing, varies with PVT
Vip‘{ [ <+> . .
« Ladder is part of the signal path
_J-f,j‘:_or’ — Comparator input cap load the resistor taps

— Excess delay

L F J__
o
gnda Vdda Arias, I., Kiss, P., Prodanov, V., Boccuzzi, V., Banu, M., Bisbal,

D., et al. (2006). A 32-mW 320-MHz continuous-time complex
ZA ADC for multi-mode wireless-LAN receivers. IEEE Journal
of Solid State Circuits, 41(2), 339-351.
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Reference Subtraction: Scheme ll|

» Differential difference amplifier for
subtracting the reference

Vdd — followed by a zero crossing detector
N |  Relaxes the impedance requirements on
- ol the ladder
‘ j— « Mismatch in differential pairs and tail

current sources results in comparator

offset
vip*| }‘vm vrm‘{ h,-im — current trimming (see the reference below)
» Finite BW of the amplifier causes excess
) ® delay
gnd

Mitteregger, G., Ebner, C., Mechnig, S., Blon, T., Holuigue, C.,
& Romani, E. (2006). A 20-mW 640-MHz CMOS continuous-
time 2A ADC with 20-MHz signal bandwidth, 80-dB dynamic
range and 12-bit ENOB. IEEE Journal of Solid State Circuits,
41(12), 2641-2649.
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Reference Subtraction: Scheme |V

Vo » Switched-capacitor reference
Vrefp  Vem —Lb )
j I [ , subtraction
LL ¢ ila wiowme d  COMOS . —
o LlC. [ ° | -LC 14 D' op — Pay attention to charge injection
o i i X [
LR 1 . , :
mo—s — X T+ { [o—om ADC can handle large input swing
Ll Co f"—a |]M2_Ms' Ld « Slow when auto-zeroing preamp is
Vrefm Vem |;|_ L used
g'ncia — Large settling time constant
LATCH — Reference subtraction in background
PREAMPLIFIER vdd
vip AZ AZ l]_LE[l
© LCAZ
. Az Ve |, > %’STT | _f%"s‘;—
Vrefm |~ — ><
LC.AZ
— | Ce 4
L
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Example: Fully-Differential Comparator

Fully-diff. PA Latch
* Double-balanced, fully-differential preamp

« Switches (M,, Mg) added to stop input propagation during regeneration
» Active pull-up PMOS added to the latch
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Flash ADC: Errors
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Flash ADC Errors

i VFS Vi Strobe
v ? « SHA-less
FS f.
A O l « Signal and
 —— e | clock propa-
6A < O—p I gation delay
. ¢ / ,/l/ s o 2N-1 PAS +
: N : : 8 - D latches must
” O ] ?I\ Ll be matched
! e’ « Synchronized
A +——O—~ [ strobe signal
% 7 is critical
0 L . ~ J
2N-1
PA + Latch

Going parallel is fast, but also gives rise to inherent problems...

© Vishal Saxena -19-



Preamp Input Common Mode

PA 1 PA j PA j+1
J L J L J L
2 - 2 oA -
Poth - Bol &£ o

(VARVA

Input CM difference creates systematic mismatch (offset, gain, C,,, tracking BW,
and CMRR) among preamps
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Sampling Aperture Error

i ) Mode

V
RV, o—s T oV, “high” | Track
9 “low” | Regen

« Preamp delay and V;, of sampling switch (My) are both signal-dependent — signal-
dependent sampling point (aperture error)

« A major challenge of distributing clock signals across 2N-1 comparators in flash ADC
with minimum clock skew (routing, V;, mismatch of My, etc.)
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Nonlinear Input Capacitance

Vin, 4
RS Vout

ANV O Vout
Vin% % Cin(Vou)

- - > t

Signal-dependent input bandwidth (1/RgC,,) introduces distortion
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Input Signal Feedthrough

Feedthrough of V;, to the reference ladder through the serial connection of C g, and
Cgs2 disturbs the reference voltages
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Comparator Metastability

Do
, A 1+ Assuming that the input is uniformly
B distributed over Vg, then

........................ A .......

v BER=—"—_|

| 1LSB |

J

It Vo (t): \ (0)'AV1AV2 ’eXp(t‘gm/CL)

VOS

« Cascade preamp stages (typical flash comparator has 2-3 PA stages)
* Use pipelined multi-stage latches; PA can be pipelined too
 Avoid branching off comparator logic outputs
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Comparator Metastability

V 1 1 1
o)

Logic levels can be misinterpreted by digital gates (branching off, diff. outputs)
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Bubbles (Sparkles) in Thermometer Code

v, 1 1 0
> ol
2> o
._> 1 ,—D—|i 100
S Lo ol
s
: i’ i i’

Static/dynamic comparator errors cause bubbles in thermometer code
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Bubbles (Sparkles)

o <

1LSB

2

+1

é/\
]

A
\ 4

VY

At

Comparator offset Timing error
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Bubble-Tolerant Boundary Detector

Vi
o 0
L
._> —] > + 3-input NAND
N O.-. e * Detect “011” instead
-—f/ >' 1 of “01” only
N~ | . « “Single” bubble
o 0
'—f/ } correction
R « Biased correction
> D3

Ref: J. G. Peterson, “A monolithic video A/D converter,” IEEE Journal of Solid-State
Circuits, vol. 14, pp. 932-937, issue 6, 1979.
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Built-In Bias

® © ©
0 0 0 0 “011” “001”
0 0 0 0
0 0 1 0 Case Det. Det.
0 0 0 1 A ©) 0
1 0 0 1
o T 1T Y B Fail @
1 1 1 0 -
Fail
1 0 1 1 c © A
1 1 1 1 D Fail Fail
1 1 1 1

Inspecting more neighboring comparator outputs improves performance
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Majority Voting Logic

C -C,,C,+CC,,+C,C.

j+1
® © ®
0 O 0 O 0 O 0 O PYPERN Iy
0 O 0 O 0 O 0 O Case aJ?”’fy
0O O 0O O 1 0 0 0 Det. voting
0 O 0 O 0 O 1 1 A ©) @
A0 0.0 0.0 11 _
0 1 1 1 1 1 0 O B Fail @
1 1 1 1 1 1 0 O
C
1 1 0o 1 1 1 1 1 ® ®
1 1 1 1 1 1 1 1 D Fail Fail
1 1 1 1 1 1 1 1

Ref: C. W. Mangelsdorf, “A 400-MHz input flash converter with error correction,” IEEE
Journal of Solid-State Circuits, vol. 25, pp. 184-191, issue 1, 1990.
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Gray Encoding

e e o ————— Gray Binary
G =TT,+T5T, 0000000 | 000 00O
p— 1000000 0 01 001
;GZZTQG 1100000 011 010
17110000 010 011
§G3—T4 1111000 110 100
-------------------------------------------- 1 1 1 1 10 0 1 1 1 101

1111110 10 1 110
Only one transition 1111111 100 11 1
b/t adjacent codes T T, Ts Ta Ts Te T» | G3 G, G; | B, B, B,

* One comparator output is ONLY used once — No branching!
» Gray encoding fails benignly in the presence of bubbles

« Codes are also robust over metastability errors
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Gray Encoding

Thermometer Gray Decimal
111111111111 100 1011 13
11111111111 1010 1000 15
11111111111 1001 1010 12

G1 T1 3+T5T7.

— Conversion of Gray code to binary code is quite time-
G, =T,Tg : consuming — “quasi” Gray code

G3 T4

Ref: Y. Akazawa, et al., “A 400MSPS 8b flash AD conversion LSI,” in IEEE
International Solid-State Circuits Conference, Dig. Tech. Papers, 1987, pp. 98-99.
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Flash ADC: Binary Decoders
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Gray Encoded ROM Decoder

Slejejelsle

Thermometer-to-Binary Decoders for Flash Analog-to-Digital
Converters

rik Sill and Mark Vesterbacka
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Wallace Tree Adder (15 Adder)

N1
— S L] 5
—|FA| —=|FA
—»{ C s sl [.SB
I_.——I FA
—> S S C
m —»{FA FA l_.——l
— C g C S
FA
—_— S |—> S (
SFA| T~—FA E
— C C Sk
—/
3 ] s S c MSB
2 —FA FA /
1 — c »

Wallace tree decoder for an N = 4-bit flash ADC.
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Folded Wallace Tree Decoder

aN_] 4

I:'Ek—] }_2.":’ K _|

BTl

© Vishal Saxena

2;".-’ K
Wallace tree
encoder
LSE
Nk .

MSB—k
MSB—&+1

MSE



MUX-based Decoder

— o > by
/=L
14¢ [ o
13 / 1 L '.\
12 0\
1 AR
, Ef:w' IHH \'\
9 \ A\
32] ‘ DA,.—%—‘%H T o b,
7 E,{ H\\\\ Lal)
6 I L. 1
0 ;. \
5 <\ -,
: \ 0 <
i O_/C < -0 | bo
Jo——) L/
F_,_.r"'
0 | 2 3

Multiplexer-based decoder for N = 4 bits.
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Comparison of Decoder Schemes

O~ Ones—counter
. —-— ROM
------- MUX-based
; ssbooii D | — — — Folded Wallace ||
84
(1B
=3
z 5
SRR
L~
45 ' ' . SR
0 3 6 9 12 5

» Mostly custom design at higher speeds
* Pipeline the digital backend at high-sampling rates to meet clock timing

pcq setup)

Tcd>thold'tccq

© Vishal Saxena -38-



Flash ADC: Other Techniques
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Offset Averaging (1)

INPUTS FPREAMF S LATCHES DECODE
- u
i : >
u

Rl
Q <
2R2 Ain Ref (n+1) $R2
:' -
Rl <Rl

2R
R2/R1=1.3
R
Q
Adn Ref (n)
3w 2w
3R %m SRl

Ain Ref (n-1)

[Kattmann & Barrow, ISSCC 1991]
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Offset Averaging (2)

output

1

before averaging ~————=0

Tt

after averaging

simulation ——

calculation @&

[Bult & Buchwald, JSSC 12/1997] 0.03 -

Kattmann[8] —*

0.01 +—&X — _
0.01 0.1 1 10
ratio R2 vs. R1 [log]

[Scholtens & Vertregt, JSSC 12/2002]
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Flash ADC with Averaging

HD3 = -59.4 dBc
250MHz input
at 1GS/s
slock  clock jormmmm e .
Vit > ;k: : :Z?J_j-_l_;_’ﬂ:
Vir > E e : i SR latch|
Gain=1 . 3 g ¢ . &
BW=1.2GHz LI - T . 1 e ¥
-> L -
Gain=23 + Gain=1 -|—‘-,;:-.
preamplii e T 2nd
m-and- o comparator comparator

© Vishal Saxena

[Choi & Abidi, JSSC 12/2001]
Resolution 6 bits
Conversion Rate 1.3 G8/s
INL/DNL @ Fs =1 GHz 0.35LSB/0.2LSB
Input Range 1.6 VP.P differential
Input Capacitance (TH)y | 1pF
Bit Error Rate @ fs =1 GHz | < 107¢
SFDR @ fin = 100 MHz > 44 dB up to 1.3 GS/s
SNDR @fin=630MHz | 35dB @ 1GS/is

@ fin = 650 MHz 3R2dB @1.3GSs

Power Dissipation 500mW @ 1 GS/s
{50% due to logic and clock) | 545 mW @ 1.3 GS/s
VoﬂageSupply [T T A
ActiveTotal Die Area | 2x0.4 mm?/ 2.2x2.2 mm?
Technology 0.35-pym CMOS

Averaging networks designed to

reduce input refe

rred offset by 3x



Offset Calibration

TH

ouT
DEC ——§—»

TH

CLK

| VN

Calibration

¢ < DAC Loglc

S. Sutardja, "360 Mb/s (400 MHz) 1.1 W 0.35um CMOS PRML read channels with 6
burst 8-20x over-sampling digital servo," ISSCC Dig. Techn. Papers, Feb. 1999.
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Comparator with Offset Correcting DAC

clk

1p-o

i

X

Ox&

Offset
[
o omp

X,

[K.-L.J. Wong and C.-K.K. Yang, "Offset compensation in comparators
with minimum input-referred supply noise," JSSC, May 2004 ]
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High-Performance Flash with Calibration (1)

Comparator
with offset

Veias |

Voltage-trimmable
offsetcanceling
buffer

Veascooe

Fixed
current l l aew

M MA [ Vp My Vie | $
:"::.: —WW—W— : :: — M v j M ::v | Reference uni!agas
m :ﬂ::l NS = ' :“ to comparator

Chw

sne _M_

S Ve b e S Vp g - ' 1 From
Vem 1 =i i ' Vew 16 (= ’ resistor ladder
VGP_"l "'" i I-, VCP_'IE J..., i

Vu 4 o Vi 15 /=

References for ~ References for
~ edge comparator middle comparator

[Park & Flynn, "A 3.5 GS/s 5-b Flash ADC in 90 nm CMQOS," CICC 2006]

© Vishal Saxena -45-



Comparator Redundancy (1)

» |dea: Build a "sea of imprecise comparators”, then determine
which ones to use...

Ideal trip—points Comparator Selection
Calibration Engine
4
A i “ Sc
Y --Sg---=-Sbr----Sc- 5 5
\ l>§ dw--cocdbree-cde- 4 ceeemmeeed BB 4
y -~ 2c
DAC f s
- S = .-
. . x 3br----- 3c- 3 3
E ~ |3 - E t N oy
r E‘ = Ja 3¢
Da----- - 2 R e 2
S 3
Analog I/P D 2a 4c
-t bt 1 ---- e AIBY). ..c o.cc.o. 1
Sh

C. Donovan, M. P Flynn, "A'digital' 6-bit ADC in 0.25-pm CMOS," IEEE J.
Solid-State Circuits, pp. 432-437, March 2002.
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Comparator Redundancy (2)

90mW 900mW g Widh due 10
2w device mismatch a)
3 ignal ; TS _
i E I S 5 Classical » bt flash ADC:
255 | 255 S5 Use of 271 precise
= : Bl x2 |8 8 = E - comparators
3 — \ E = = § data £ =
8 . = fauli-tolerant 2 5 ﬁ_ £ — out u;) 3
S| 3 $ | themmometer-lo-tinary 23 = =
A= converler %5 =
B comparator | =3 =] Inpul Voltage
armay % a
single phase dn-ckT ]k = é 1 Digital averaging by
dual =5 f—-‘;\ 4 :
o e 38 This n bit lash ADC:
g clock Gonditioner " B 5 Use of 4 x 27-1
0" T 180° 2 E comparators with
contro - 82 overapping decision
signals —'l ultra-low jiter VCO | & g sl
h=]

Inputl Yoltage
Fig. 1 ustration of the ADC operation scheme.

Paulus et al., "A 4GS/s 6b flash ADC in 0.13um CMQOS," VLSI Circuits
Svmposium. 2004
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Stochastic Flash ADC

GN
%04 : e ey s
§o3 « Fully synthesized ADC using ‘digital’ comparator
Zo0.2 cells (large offsets)
g o i i i « Use more than 1 comparator for a reference
o =3 -2 -1 1] 1 2 3
Comparator Offset (o) threshold

. 512 : : — — 1024 — Use ‘detection theory’ to make accurate decisions
8 —-—Group A O 5 _ around a threshold, by using more than one
Eg agall - G.muP H_ P S S [ Y EE observation
88 .l i, 58 .
5% 53 Low speed designs (<20 MS/s)
EE 128k------- J," S R MU I 256 E‘i ) o
5| T [=cewam)| 5 A 6b Stochastic Flash Analog-to-Digital Converter

5 2 a o0 1 2 3 Without Calibration or Reference Ladder

Input (o)

Skyler Weaver!, Beniamin Hershberg!, Daniel Knierim?, and Un-Ku Moon'
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Flash ADC: Case Study




Case Study: Distortion Compensating Flash ADC

IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 41, NO. 9, SEPTEMBER 2006 1959

A Distortion Compensating Flash Analog-to-Digital
Conversion Technique

Venkata Srinivas, Shanthi Pavan, Ashish Lachhwani, and Naga Sasidhar

IN — TRACK / HOLD %*—r’—

k\/ kb S

t _JL/‘_

OFFSET
CORRECT
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T/H Distortion

Ideal T/H Input /Output /" Viet7 A v
AL .4 Characleristic/" ' L Real T/H Tnput 7 Output ref7
- ref6 GA| .o Characteristic . V
5 . ! > Viets
= [T Jisaaana -
E‘L A ! | : wrslﬁ T R =V s
= TA ¥ . SR SR Lo, Iovens Voo S N r
3 T Ve Sl T Ve
Bu'i_ ................ £ Il ..... Il o i ...... : ........ ...'U'rem AL o :, ..... I: ..... E ....... "'Vrel‘s
! ! ! ! Al Lo [ e b b v
Eﬁ ........... AEREE boaves :. ..... :. ..... : ...... : ........ ....Vre[z I : : : : I = Vieiz
Moy N o o e e
| P JONN OO PN R DT, ol SEREEE
A I R A 2A 3A 4A 5A BA 7A
A 2A 3A 4A 5A BA TA Input
Input
Fig. 3. Flash ADC behavior with a real track-and-hold having static nonlin-
Fig. 2. Flash ADC behavior with an ideal track-and-hold. carlty.
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Pre-distorted References

0.5 T T T T T T
Replica track and hold _ _ ;
after the linear reference : k :
voltages. ; : :
; yatf References
)
= Voi7 et 0 /\
- AEEEE b__v —_
_____ i raf6 _
1 : I ll'-1'urlrt=,45 =
. Lok -y =
e e ': _____ R ref4 Predlstorted References
3 L -
_____ U SO IO T R -0.25
o Vg
S ll ..... : ..... : ..... Il ..... -: ...... : ..... - rafl
N T S N | | r
: -0.5 : : :
A 2A 3A 4A 5A 8A TA 0 10 20 30 40 50 60
Input Output Code
(a) k)
SNDR = 27.27 dB SMDR = 37.42 dB
=10 =10
=20 =20 |
g—ﬁﬂ- %"_30.
3 3
o -40 & —40
5 5
2 B
3 -50- 3 -50

[} 0.25 0.5
ine

Fig. 5. ADC output spectrum with track-and-hold having static nonlinearity
with (a) linear references and (b) predistorted references.
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ADC Architecture

COMPARATOR DIGITAL
ARRAY BACKEND
] My rd Ty
__s":%'"':-
iy —
- T
L |= 9
& =
Fl
n—'E':-_i.,__._ O ()
. ) =
In ,{ = m
o— Track/Hold 1 — m
m pd
L] '|D'| JJ D
[ ] . _I e
NOMLINEAR . — o g :DI
REFERENCE % - M out
GENERATOR _ = S sl
'y —_— T 3
" D D
. 0 m
COMPARATOR L O
SELECT | O O
GENERATOR = o
= m
Clock CLOCK f

GEMERATOR
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T/H Circuit

INPUT BUFFER OUTPUT BUFFER Replica frack and hold

........ . = after the linear reference
: | | voltages.
| Ndd l

Vinp : |: E |

S | | Bootstrapped | = Vi

(M2, Switch [1] T =Hr.a+;
i ' ! i A ralh
i : - : 1 I : 1 L
: i ;in M1 LI TR SR R ;...E"’"’
- Lo i : T T O T ral’
: : IL"rI K . ] .:.. .:.. ..:.. ..I.. .:.. 1Iill'l-E1E1
: : Nt E JI R - : :. -I|| :. . h-'lull
I G‘ ": TCnokt ! AR ©
E : , A 2A 3A aA BA BA TA
= = nput
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Comparator

LATCH
PREAMPLIFIER vdd
o -LE
vip AL AZ
[
crz | I
yrefp .- ~ e
AZ x * kF‘FIST |
oA v |, - 7 | A&
4 [
Vrefm L~ [E‘ﬁ }-><_{
| Ce oy
Wim A7 AZ
LE
1L

TRACK & HOLD /_'—,/—"7
OUTPUT

PRST

LC

LE

LRST

I
[ N
I 1

&

6.25 ns
Clocks during normal eperation

PRST

we | [
e

LARST |_|

© 625ns
Clocks during autozera
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Vdd

Mé& 2(0.7/1) "1‘!?
| Vbias2
2(210.4) | L 2(204)
autn auip
M2
inp 2(2/0.4) SN0
125 nA
- M1
Jbiast 2(2/0.4)

Schematic of the preamplifier.




Non-linear Reference Generator

6-bit Resistor String DAC Replica T/H Welel
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Fig. 13. Linear reference generator.

e 12. Nonlinear reference generator.
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ADC Testing
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Fig. 20. Ilustration of (a) continuous background autozero mode and (b) dis-
continuous background autozero mode.
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Test Results
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SUMMARY OF ADC PERFORMANCE
Resolution G bits
Technology 0.35-pem CMOS 2P4M
Supply voltage 35V
Figure Of Merit Nominal inpul swing 3.4 H'P differential
DNL (nominal input range) 0.3 L5B
Encrgy Pdiss INL (nominal input range) 0.3 LSB
" = = SNIDR 36.0 dB L fy, =40.9 MHz,
(conversion_step) — 2ENOB x £ p £ 100 vt
33.6 dB G f, =70.9 MHz,
. =160 MHz
Power consumption o mW @ f, =160 MHz
Active Area 2.0x0.4 mm*
Chip package DIF40
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