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CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application claims the benefit of U.S. Provisional
Application No.  60/759,869, filed on January 18,
2006, which is incorporated herein by reference in its
entirety. FIELD OF THE INVENTION [0002] The present
invention relates to analog to digital converters, and
more  particularly to flash analog to digital
converters. BACKGROUND OF THE INVENTION [0003]
Referring now to FIG. 1, a functional circuit diagram
of a differential  resistance ladder for an analog to
digital converter (ADC) is presented. The differential
resistance ladder includes a positive leg 100 and a
negative leg 101, which respectively  receive a
positive. phase and a :negative phase of an input
signal. The positive leg 100  includes a first voltage
source 102 that outputs an AC voltage equal to the
positive  phase (V+) of the input signal, referenced
to a ground potential 104. This voltage is  applied to
a first terminal of a first resistance 106 including
resistances 106-1, 106-2, ...,  and 106-N. An opposite
terminal of the first resistance 106 communicates with
a first  terminal of a second resistance 108 including
resistances 108-1, 108-2, ..., and 108-N.  An opposite
terminal of the second resistance 108 communicates
with a second voltage  source 110. The second voltage
source 110 outputs a voltage equal to V+ minus a DC  



voltage (VDC), referenced to ground 104. 1 [0004] The
negative leg 101 includes a third voltage source 112
that outputs  an AC voltage equal to the negative
phase (V_) of the input signal to a first terminal of
a  third resistance 114 including resistances 114-1,
114-2, ..., and 114-N. An opposite  terminal of the
third resistance 114 communicates with a first
terminal of a fourth  resistance 116 including
resistances 116-1, 116-2, ..., and 116-N. An opposite
terminal  of the fourth resistance 116 communicates
with a fourth voltage source 118. The fourth  voltage
source 118 outputs a voltage equal to V_ minus the DC
voltage (VDc),  referenced to ground. The first and
second resistances 106 and 108 are generally
comprised of a number (often a power of two) of
smaller resistances. Also, the third  and fourth
resistances 114 and 116 are often comprised of a
number of smaller  resistances. For a linear ADC, the
number of smaller resistances that define each of  the
resistances 106, 108, 114, and 116 will generally be
equal. [0005] Referring now to FIG. 2, a functional
circuit diagram of an alternative  differential
resistance ladder configuration according to the prior
art is presented. The  differential resistance ladder
includes a positive leg 136 and a negative leg 138,
which  respectively receive a positive phase and a
negative phase of an input signal. The  positive leg
136 includes .a first voltage source 140 that outputs
a voltage equal to the  positive phase (V+) of the
input signal, referenced to ground. This voltage is
applied to  a first terminal of a first resistance 142
including resistances 142-1, 142-2, ..., and 142- N.
An opposite terminal of the first resistance 142
communicates with a first terminal of  a second
resistance 144 including resistances 144-1, 144-2,
..., and 144-N and with a  



second voltage source 146. The second voltage source
146 outputs a voltage equal to  V. minus half of a DC
voltage (VDC), referenced to ground. An opposite
terminal of the  2 second resistance 144 communicates
with a third voltage source 148, which outputs a
voltage equal to V. minus Vpc, referenced to ground.
[0006] The negative leg 138 includes a fourth voltage
source 150 that outputs  a voltage equal to the
negative phase (V_) of the input signal, referenced to
ground.  The fourth voltage source 150 communicates
with a first terminal of a first resistance  152
including resistances 152-1, 152-2, ..., and 152-N. An
opposite terminal of the third  resistance 152
communicates with a first terminal of a fourth
resistance 154 including  resistances 154-1, 154-2,
..., and 154-N and with a fifth voltage source 156.
The fifth  voltage source 156 outputs a voltage equal
to V_ minus VDC/2, referenced to ground. An  opposite
terminal of the fourth resistance 154 communicates
with a sixth voltage source  158, which outputs a
voltage equal to V_ minus Vpc, referenced to ground.
[0007] The resistances 142, 144, 152, and 154 are each
often composed of a  number of smaller resistances
(generally an equal number for a linear ADC). The
configuration of FIG. 2 is similar to that of FIG. 1,
with the addition of the second and  fifth voltage
sources 146 and 156. The second voltage source 146 is
connected to the  center node, the node between the
first and second resistances 142 and 144. Without  the
second voltage source 146, the center node would
receive the input signal last,  being equidistant from
the driving voltage sources 140 and 148. The addition
of the  second voltage source 146 removes delay from
this node. The greatest delay is now in  the midpoint
of the first resistance 142 and the midpoint of the
second resistance 144.  



These midpoints experience only one quarter of the RC
delay that the center node had  previously, being half
as far from the driving voltage sources 140 and 146.
The same  3 modification is made to the negative leg
138, adding the fifth voltage source 156 to the  node
that would otherwise experience the greatest delay.
SUMMARY OF THE INVENTION [0008] A differential analog
to digital converter (ADC) comprises. first and
second resistance ladder legs, first and second
amplifiers, and a plurality of  comparators. The first
resistance ladder leg includes two resistances having
first ends  that communicate with a middle node and
second ends that communicate with a current  source.
The second resistance ladder leg includes two
resistances having first ends  that communicate with a
middle node and second ends that communicate with a
current  source. The first amplifier applies a voltage
based upon a first phase of an input signal  to the
middle node of the first resistance ladder leg. The
second amplifier applies a  voltage based upon a
second phase of the input signal to the middle node of
the second  resistance ladder leg. The plurality of
comparators each has first and second inputs,  wherein
the first input communicates with one of the two
resistances of the first  resistance ladder leg, and
the second input communicates with one of the two
resistances of the second resistance ladder leg.
[0009] In other features, each of the plurality of
comparators are calibrated.  The current sources of
the first and second resistance ladder legs are turned
off during  calibration. The first and second
amplifiers output voltages based upon an input signal
that is substantially equal to zero during
calibration. Each of the plurality of comparators  



includes an adjustable current source that is adjusted
based upon a respective digital  value. The respective
digital values are determined during calibration. 4
[0010] In still other features, the ADC further
comprises a control module that,  during calibration,
varies the respective digital values based upon
outputs of the plurality  of comparators. The first
and second amplifiers include transimpedance
amplifiers.  The first and second amplifiers include
nested transimpedance amplifiers. Each of the
resistances of the first and second resistance ladder
legs comprises N individual  resistances, wherein N is
an integer greater than one. The individual
resistances have  substantially equal resistance
values. [0011] In further features, the resistances of
the first resistance ladder legs  comprise N
individual resistances connected in series. The
resistances of the first  resistance ladder leg
comprise a plurality of primary resistances connected
in series  and groups of secondary resistances
connected in parallel with each of the primary
resistances. The resistances of the first resistance
ladder leg comprise a plurality of  primary
resistances connected in series, groups of secondary
resistances connected in  parallel with each of the
primary resistances, and groups of tertiary
resistances  connected in parallel with each of the
secondary resistances. [0012] In other features, the
resistances of the first resistance ladder leg
comprise N individual resistances. The first inputs of
the comparators communicate  with a connection between
two of the N individual resistances of the first
resistance  ladder leg, and the second inputs
communicate with a connection between two of the
individual resistances of the second resistance ladder
leg. The first and second inputs  



of the plurality of comparators experience a
propagation delay based upon an electrical  distance
of the first and second inputs from a corresponding
one of the middle nodes. 5 [0013] In still other
features, the ADC further comprises delay elements
that  communicate with the first and second inputs of
the comparators and that create  substantially
identical aggregate delays from corresponding ones of
the middle nodes to  the first and second inputs of
the comparators. The delay elements comprise resistive
traces and/or transistors. The ADC further comprises a
plurality of latching devices  each corresponding to
one of the plurality of comparators. The plurality of
latching  devices latch an output from a corresponding
one of the plurality of comparators at a  delayed time
based upon a propagation delay at at least one of
first and second inputs  of the corresponding one of
the plurality of comparators. [0014] In further
features, the ADC further comprises a decoding module
that  reads outputs of the plurality of latching
devices substantially simultaneously after a last  one
of the plurality of latching devices is actuated. The
ADC is implemented on an  integrated circuit having a
first metal layer, and wherein the first and second
resistance  ladder legs are implemented in the first
metal layer. The two resistances of the first
resistance ladder leg are connected at the middle
node, and are laid out as mirror  images of each
other, and wherein the two resistances of the second
resistance ladder  leg are connected at the middle
node, and are laid out as mirror images of each other.
Each of the resistances of both the first and second
resistance ladder legs is laid out in  a folded shape
to minimize area. [0015] A method for converting from
analog to digital comprises providing a  



first resistance ladder leg including two resistances
having first ends that communicate  with a middle node
and second ends that communicate with a current
source; providing  a second resistance ladder leg
including two resistances having first ends that  6
communicate with a middle node and second ends that
communicate with a current  source; applying a voltage
based upon a first phase of an input signal to the
middle  node of the first resistance ladder leg;
applying a voltage based upon a second phase of  the
input signal to the middle node of the second
resistance ladder leg; and providing a  plurality of
comparators, each having first and second inputs,
wherein the first input  communicates with one of the
two resistances of the first resistance ladder leg,
and the  second input communicates with one of the two
resistances of the second resistance  ladder leg.
[0016] In other features, the method further comprises
calibrating the plurality  of comparators. The method
further comprises turning off the current sources of
the  first and second resistance ladder legs during
calibration. The method further  comprises setting the
input signal substantially equal to zero during
calibration. The  .method further comprises adjusting
a current source for each of the plurality of
comparators based upon a respective digital value. The
method further comprises  determining the respective
digital values during calibration. [0017] In still
other features, the method further comprises varying
the  respective digital values based upon outputs of
the plurality of comparators. The  method further
comprises creating delays from corresponding ones of
the middle nodes  to the first and second inputs of
the comparators that are substantially identical for
each  



of the comparators. The method further comprises
latching an output from a  corresponding one of the
plurality of comparators at a delayed time based upon
a  propagation delay at at least one of first and
second inputs of the corresponding one of  7 the
plurality of comparators. The method further.
comprises reading latched outputs  substantially
simultaneously after a last latching event. [0018] A
differential analog to digital converter (ADC)
comprises first ladder  means for providing two
resistances having first ends that communicate with 'a
middle  node and second ends that communicate with
current sourcing means for providing  current;. second
ladder means for providing two resistances having
first ends that  communicate with a middle node and
second ends that communicate with current  sourcing
means for providing current; first amplifying means
for applying a voltage  based upon a first phase of an
input signal to the middle node of the first ladder
means;  second amplifying means for applying a voltage
based upon a second phase of the  input signal to the
middle node of the second ladder means; and a
plurality of  comparing means for comparing voltages
at first and second inputs, wherein the first  input
communicates with one of the two resistances of the
first ladder means, and the  second input communicates
with one of the two resistances of the second ladder
means. [0019] In other features, each of the plurality
of comparing means are  calibrated. The current means
of the first and second ladder means are turned off
during calibration. The first and second amplifying
means output voltages based upon  an input signal that
is substantially equal to zero during calibration.
Each of the plurality  



of comparing means includes an adjustable current
means that is adjusted based upon  a respective
digital value. The respective digital values are
determined during  calibration. 8 [0020] In still
other features, the ADC further comprises control
means for  varying the respective digital values based
upon outputs of the plurality of comparing  means
during calibration. The first and second amplifying
means include  transimpedance amplifying means. The
first and second amplifying means include  nested
transimpedance amplifying means. Each of the
resistances of the first and  second ladder means
comprises N individual resistances, wherein N is an
integer  greater than one. The individual resistances
have substantially equal resistance values. [0021] In
further features, the resistances of the first ladder
means comprise  N individual resistances connected in
series. The resistances of the first ladder means
comprise a plurality of primary resistances connected
in series and groups of secondary  resistances
connected in parallel with each of the primary
resistances. The resistances  of the first ladder
means comprise a plurality of primary resistances
connected in series,  groups of secondary resistances
connected in parallel with each of the primary
resistances, and groups of tertiary resistances
connected in parallel with each of the  secondary
resistances. [0022] In other features, the resistances
of the first ladder means comprise N  individual
resistances. The first inputs of the comparing means
communicate with a  connection between two of the N
individual resistances of the first ladder means, and
the second inputs communicate with a connection
between two of the individual  



resistances of the second ladder means. The first and
second inputs of the plurality of  comparing means
experience a propagation delay based upon an
electrical distance of  the first and second inputs
from a corresponding one of the middle nodes. 9.1
[0023] In still other features, the ADC further
comprises delaying means for  creating substantially
identical aggregate delays from corresponding ones of
the middle  nodes to the first and second inputs of
the comparing means. The delaying means  comprise
resistive traces. The delaying means comprise
transistors. The ADC further  comprises latching means
for latching outputs of the plurality of comparing
means. The  latching means latch an output from a
corresponding one of the plurality of comparing  means
at a delayed time based upon a propagation delay at at
least one of first and  second inputs of the
corresponding one of the plurality of comparing means.
[0024] In further features, the ADC further comprises
decoding means for  reading outputs of the plurality
of latching devices substantially simultaneously after
a  last one of the plurality of latching devices is
actuated. The ADC is implemented on an  integrated
circuit having a first metal layer, and wherein the
first and second ladder  means are implemented in the
first metal layer. The two resistances of the first
ladder  means are connected at the middle node, and
are laid out as mirror images of each  other, and
wherein the two resistances of the second ladder means
are connected at  the middle node, and are laid out as
mirror images of each other. Each of the  resistances
of both the first and second ladder means is laid out
in a folded shape to  minimize area. [0025] Further
areas of applicability of the present invention will
become  



apparent from the detailed description provided
hereinafter. It should be understood  that the
detailed description and specific examples, while
indicating the preferred  embodiment of the invention,
are intended for purposes of illustration only and are
not  intended to limit the scope of the invention. 10
BRIEF DESCRIPTION OF THE DRAWINGS [0026] The present
invention will become more fully understood from the
detailed description and the accompanying drawings,
wherein: [0027] FIG. 1 is a functional circuit diagram
of a differential resistance ladder  according to the
prior art for an analog to digital converter (ADC);
[0028] FIG. 2 is a functional circuit diagram of an
alternative differential  resistance ladder
configuration according to the prior art; [0029] FIG.
3 is a functional circuit diagram of a differential
ADC; [0030] FIG. 4A is a functional circuit diagram of
an exemplary implementation  of the first (preamp)
stage of a comparator; [0031] FIG. 4B is a more
detailed functional circuit diagram of an exemplary
implementation of the first (preamp) stage of a
comparator; [0032] FIG. 4C is a functional block
diagram of an exemplary calibration  implementation;
[0033] FIG. 5 is an exemplary high-level physical
layout of the ADC of FIG. 3;  [0034] FIG. 6 is a
graphical demonstration of the effects of propagation
delay  distortion; [0035] FIG. 7 is a graphical
depiction of progressive comparator delay  



elements; [0036] FIG. 8 is an alternative scheme for
minimizing distortion due to  propagation delay;
[0037] FIG. 9 is a functional circuit diagram of a
segmented resistance ladder  implementation; 11 [0038]
FIG. 10 is a functional circuit diagram of one
component of a three- step segmented ladder network;.
[0039] FIG. 11 is an exemplary layout of a resistance
ladder;  [0040] FIG. 12A is .a functional block
diagram of a hard disk drive; [0041] FIG. 12B is a
functional block diagram of a digital versatile disk
(DVD);  [0042] FIG. 12C is a functional block diagram
of a high definition television;  [0043] FIG. 12D is a
functional block diagram of a vehicle control system;
[0044] FIG. 12E is a functional block diagram of a
cellular phone; [0045] FIG. 12F is a functional block
diagram of a set top box; and  [0046] FIG. 12G is a
functional block diagram of a media player.  DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS [0047] The
following description of the preferred embodiments is
merely  exemplary in nature and is in no way intended
to limit the invention, its application, or  uses. For
purposes of clarity, the same reference numbers will
be used in the drawings  to identify similar elements.
As used herein, the term module refers to an
application  specific integrated circuit (ASIC), an
electronic circuit, a processor (shared, dedicated,
or group) and memory that execute one or more software
or firmware programs, a  



combinational logic circuit, and/or other suitable
components that provide the described  functionality.
As used herein, the phrase at least one of A, B, and C
should be  construed to mean a logical (A or B or C),
using a non-exclusive logical or: It should be
understood that steps within a method may be executed
in different order without  altering the principles of
the present invention. 12 [0048] Referring now to
FIGs. 3 and 5, a functional circuit diagram of a
differential analog to digital converter (ADC) is
presented. The ADC includes three  stages: an input
stage 200, a resistance ladder and bias stage 202, and
a comparator  and decoding stage 204. In addition, the
ADC may include further digital logic after or  during
the decoding stage 204, such as a Half-Gray encoder
for reducing spurious  output codes. The ADC may also
include further conditioning circuitry and/or sample-
and-hold circuitry prior to, or as part of, the input
stage 200. [0049] The input stage 200 receives a
differential signal having a positive  phase and a
negative phase. The positive phase is communicated to
an input of a first  amplifier 210 and the negative
phase is communicated to an input of a second
amplifier  212. An output of the first amplifier 210
communicates with an input of a third amplifier  214
and with a first terminal of a first feedback
resistance 216. An opposite terminal of  the first
feedback resistance 216 communicates with an output of
the third amplifier 214,  creating a transimpedance
amplifier (i.e., an amplifier that converts an input
current to  an output voltage). The first and third
amplifiers 210 and 214 and first feedback  resistance
216 may be replaced by any suitable amplifier
configuration, including a  nested transimpedance
amplifier. This and other suitable nested
transimpedance  



amplifiers are described more fully in, for example,
U.S. Patent Application No.  10/459,731, filed June
11, 2003, which is hereby incorporated by reference in
its  entirety. [0050] An output of the second
amplifier 212 communicates with an input of a  fourth
amplifier 218 and with a first terminal of a second
feedback resistance 220. An  -opposite terminal of the
second feedback resistance 220 communicates with an
output  13 of the fourth amplifier 218. The second and
fourth amplifiers 212 and 218 and second  feedback
resistance 220 can also be replaced by any suitable
amplifier configuration,  including a nested
transimpedance amplifier. [0051] The resistance ladder
stage 202 includes a positive leg 226 and a  negative
leg 228. The output of the third amplifier 214
communicates with an input  node of the positive leg
226. The output of the fourth amplifier 218
communicates with  an input node of the negative leg
228. The input node of the positive leg 226
communicates with first terminals of a first ladder
resistance 230 including resistances  230-1, 230-2,
... , and 230-N and a second ladder resistance 232
including resistances  232-1, 232-2, ..., and 232-N.
An opposite terminal of the first ladder resistance
230  communicates with a first current source 234,
which draws current from a supply  potential 236. An
opposite terminal of the second ladder resistance 232
communicates  with a second current source 238, which
sinks current to a ground potential 240. [0052] The
input node of the negative leg 228 communicates with
first  terminals of a third ladder resistance 242
including resistances 242-1, 242-2, ..., and  242-N
and a fourth ladder resistance 244 including
resistances 244-1, 244-2, ..., and  



244-N. An opposite terminal of the third ladder
resistance 242 communicates with a  third current
source 246, which draws current from the supply
potential 236. An  opposite terminal of the fourth
ladder resistance 244 communicates with a fourth
current  source 248, which sinks current to the ground
potential 240. [0053] The four current sources 234,
238, 246, and 248 each supply a bias  current of IR
which creates a constant voltage across each ladder
resistance 230, 232,  242, and 244 equal to the value
of the ladder resistance (R) times IR. The output of
the  14 third amplifier 214 varies the voltage at the
input node of the positive leg 226. Because  the
current flowing through the first and second ladder
resistances 230 and 232 is held  constant, the
voltages at the opposite terminals of the ladder
resistances 230 and 232  will remain a constant
voltage apart from the input node. [0054] The voltage
swing at the input node of the positive leg 226 is
therefore  limited by the voltage limits of the
current sources 234 and 238. Assuming, for  example,
that the supply potential 23.6 is a regulated 1.5 V
(which may be derived from  a 1.8 V supply) and the
value of each ladder resistance (R) is 50 0, an
appropriate  current IR would be 5mA. This creates a
voltage across each ladder resistance of 0.25  V. If
the current sources 234 and 238 require at least a
0.25 V voltage drop, the voltage  of the input node
can reach within 0.5 V of the supply potential 236 and
within 0.5 V of  the ground potential 240. This is a
voltage swing from 0.5 V to 1.0 V, or 0.5 V peak-to-
peak. [0055] When a similar analysis is applied to the
negative leg 228, the input  node of the negative leg
228 can also achieve a 0.5 Vppk swing. When the
negative leg  



228 and positive leg 226 are driven in opposite
directions, a differential Vppk swing of 1.0  V is
possible. As the current sources 234, 238, 246, and
248 operate close to their  minimal voltage of 0.25 V,
their current may vary from ideal. To absorb this
variation of  current, the third and fourth amplifiers
214 and 218 may be designed as super  transconductance
or gm amplifiers. [0056] The comparator and decoding
stage 204 includes comparators 250,  252, 253, and
254. A terminal of the first ladder resistance 230-1
communicates with a  first input of the comparator
250. A terminal of the fourth ladder resistance 244-1
15 communicates with a second input of the comparator
250. A terminal of the second  ladder resistance 232-1
communicates with a first input of the comparator 252.
A  terminal of the third ladder resistance 242-1
communicates with a second input of the  comparator
252. A terminal between resistances 230-1 and 230-2
communicates with a  first input of the comparator
253. A terminal of the fourth ladder resistance 244-1
communicates with a second input of the comparator
253. A terminal of the second  ladder resistance 232-1
communicates with a first input of the comparator 254.
A  terminal between resistances 242-1 and 242-2
communicates with a second input of the  comparator
254. [0057] The number of resistances N comprising
each of the ladder  resistances 230, 232, 246, and 248
are generally equal for a linear ADC. The "..."
between comparators 253 and 254 is shown for
illustrative purposes as representative  of additional
comparators an actual ADC may contain. Communication
of comparators  with internal nodes of the ladder
resistances 230, 232, 242, and 244 will be described
in  



more detail below with respect to FIG. 5. [0058] An
output of the comparator 250 communicates with an
input of a.  latching device 260. An output of the
comparator 252 communicates with an input of a
latching device 261. An output of the comparator 253
communicates with an input of a  latching device 262.
An output of the comparator 254 communicates with an
input of a  latching device 263. Outputs of the
latching devices 260-263 communicate with inputs  of a
decoder module 264. The decoder module 264 contains
logic (often combinational)  that converts a signal at
its input into an n-bit output signal. The signal at
the input of  16 the decoder module 264 is generally a
thermometer code- i.e., all bits more significant
than a certain bit are 0, while the rest are 1 (or
vice versa). [0059] As a numerical example of the
performance characteristics of this ADC
implementation, assume that each comparator has an.
input capacitance (Cin of 0.4 pF).  Each ladder
resistance (230, 232, 242, and 244) sees one-half of
that input capacitance  (0.2 pF), but because the
loading of the comparators is distributed, the actual
capacitance seen by each ladder resistance is only
slightly higher than 0.1 pF. The  worst-case delay
from the input node to the end of one of the ladder
resistances can be  estimated from the RC time
constant. With a resistance of 50 0, the delay is
approximately 50 0 x 0.1 pF = 5 ps. If the necessary
bandwidth is, for example, 100  MHz (which is adequate
for Gigabit Ethernet or 2.5 Gb Ethernet), the period
of a 100  MHz signal is 10 ns, yielding 5 ps/10 ns, or
0.5 x 10-3 signal period. This is  approximately a
10-bit signal resolution, greater than the 7 or 8 bits
required for 2.5 Gb  Ethernet. 



[0060] When calibrating offsets of the comparators,
the current sources 234,  238, 246, and 248 can be
shut down. This ensures that, as long as there is no
input  signal, all comparators will see zero input
voltage difference. For calibration then, the  input
signal can be removed, or the second and fourth
amplifiers 214 and 218 can  operate as if the input
signal were zero. Additionally, each of the
comparators can be  calibrated at the sweet spot of
operating common mode input voltage (the middle
voltage). This is beneficial because the comparators
producing the transition in the  thermometer code are
operating near the middle voltage. 17 [0061] Referring
now to FIG. 4A, a functional circuit diagram of an
exemplary  implementation of the first (preamp) stage
of a comparator is depicted. This circuit  includes
first, second, third, fourth, fifth, sixth, and
seventh transistors 272-1, 272-2,  274-1, 274-2,
276-1, 276-2, and 278. In this implementation, the
first, second, third,  fourth, fifth, sixth, and
seventh transistors 272, 274, 276, and 278 are metal
oxide semi- conductor field-effect transistors
(MOSFETs) that have gates, sources, and drains,
although other transistor types may be used. [0062]
The sources (or second terminals) of the first,
second, third, and fourth  transistors 272 and 274
communicate with a ground potential 280. The gate
terminals  (or control terminals) of the first and
second transistors 272 communicate with a current
mirror, which sets the bias current for the first and
second transistors 272. The current  mirror includes
the seventh transistor 278, a first resistance 282,
and a current source  284. The current source 284
communicates with a supply potential 286 and outputs a
current to a first terminal of the first resistance
282. An opposite terminal of the first  



resistance 282 communicates with the drain (or first
terminal) of the seventh transistor  278. A tap of the
first resistance 282 communicates with the gate of the
seventh  transistor 278. In some implementations, the
tap of the first resistance 282 is the center  tap.
The source of the seventh transistor 278 communicates
with the ground potential  280. [0063] The gate of the
seventh transistor 278 communicates with the gates of
the first and second transistors 272. The gates of the
third and fourth transistors 274  are controlled by
first and second digital to analog converters (DACs)
288-1 and 288-2,  respectively. The drains of the
first and third transistors 272-1 and 274-1
communicate  18 with each other and with the drain of
the fifth transistor 276-1 and a first terminal of a
second resistance 290. The drains of the second and
fourth transistors 272-2 and 274- 2 communicate with
each other and with the drain of the sixth transistor
276-2 and an  opposite terminal of the second
resistance 290. [0064] In this circuit configuration,
the current through the first and third  transistors
272-1 and 274-1 sums to create the bias current for
the fifth transistor 276-1.  Likewise, the current
through the second and fourth transistors 272-2 and
274-2 sums  to create the bias current for the sixth
transistor 276-2. The first and second DACs 288- 1 and
288-2 each receive a digital input that, when
converted to analog, will establish  the proper
compensation current through the third and fourth
transistors 274. The  values of the digital inputs to
the respective DACs 288-1 are calibrated such that the
currents remove any offset voltage from the
comparator. During calibration, the gates  of the
fifth and sixth transistors 276, which are the inputs
to the comparator, may be  



held at a reference voltage such as 0.75 V. [0065] The
source of the fifth transistor 276-1 communicates
-with a first  terminal of a third resistance 292-1.
An opposite terminal of the third resistance 292-1
communicates with the supply potential 286. The source
of the sixth transistor 276-2  communicates with a
first terminal of a fourth resistance 292-2. An
opposite terminal of  the fourth resistance 292-2
communicates with the supply potential 286. [0066]
Referring now to FIG. 4B, a more detailed functional
circuit diagram of  an exemplary implementation of the
first (preamp) stage of a comparator is depicted.
This implementation is similar to that of FIG. 4A,
with one possible implementation of  the DACs 288
shown in greater detail. DAC 1 288-1 of FIG. 4A is
composed, in this  19 implementation, of a first
selection input 294 and a first analog multiplexer
296. DAC 2  288-2 of FIG. 4A is composed, in this
implementation, of a second selection input 298  and a
second analog multiplexer 300. [0067] The multiplexers
296 and 300 receive analog voltages from the first
resistance 282. Three representative connections are
shown, though more or fewer are  possible. The
multiplexers 296 and 300 are shown using the same
connections to the  first resistance 282, though
different numbers and points of connection are
possible.  The first selection input 294 instructs the
first multiplexer 296 to select one of its analog
input voltages. This voltage, which may be amplified
by the multiplexer 296, is  communicated to the gate
of the third transistor 274-1. The second selection
input 298  instructs the second multiplexer 296 to
select one of its analog input voltages, which is
communicated to the gate of the fourth transistor
274-2. 



[0.068] The voltage chosen by the first multiplexer
296 may be from the same  tap that communicates with
the gate of the seventh transistor 278. In this case,
the  voltage at the gate of the third transistor 274-1
will be the same as that at the gate of the  first
transistor 272-1. If the first and third transistors
272-1 and 274-1 are matched, their  combined current
will then be double. If the third transistor 274-1 is
sized to be one- fourth of the first transistor 272-1,
combined current will be 125% of the first transistor
272-1 alone. This arrangement will allow finer
adjustments in combined current,  compared to
equally-sized transistors. [0069] Referring now to
FIG. 4C, a functional block diagram of an exemplary
calibration implementation according to the principles
of the present invention is  depicted. A control
module 340 stores a set of digital values into a
storage module 342.  20 The storage module
communicates with first and second sets of digital to.
analog  converters (DACs) 344 and 346. The DACs 344
and 346 receive digital values from the  storage
module 342 and convert these values into analog
signals. These analog  signals may be voltage and/or
current. An analog to digital converter (ADC) 348
according to the principles of the present invention
includes a set of N differential  comparators 350,
including comparators 350-1, 350-2, ..., and 350-N.
Each differential  comparator 350 has a positive input
node, which is biased by one DAC of the first set of
DACs 344, and a negative input node, which is biased
by one DAC of the second set of  DACs 346. [0070] In
FIG. 4C, for example, the positive input of the first
comparator 350-1  is biased by the analog output of
DAC 1-1 344-1, while the negative input is biased by  



DAC 1-2 346-1. The second comparator 350-2 has a
positive input that is biased by  DAC 2-1 344-2 and a
negative input biased by DAC 2-2 346-2. The Nth
comparator  350-N has a positive input that is biased
by DAC N-1 344-N and a negative input biased  by DAC
N-2 346-N. A control module 340 communicates with the
ADC 348. When  calibration is desired, the control
module 340 may direct the ADC 348 into a certain
state, such as maintaining a zero input voltage and/or
setting zero current through the  resistance ladder
legs. Calibration may be performed, for example, upon
start-up of the  ADC, at periodic time intervals, when
operating parameters such as temperature  change, or
at other appropriate times. The control module 340
receives the digital  output of the ADC 348 and
adjusts parameters in the storage module 342 until the
output of the ADC 348 reaches a desires value. 21
[0071] In other implementations, a greater or fewer
number of DACs may be  employed relative to the number
of comparators in the ADC 348. For instance, a single
DAC may control the bias current for the positive
input side of all comparators while a  single DAC may
control the bias current for the negative input side
of all comparators.  In another implementation, a DAC
may be employed to provide a known input voltage to
the input of the ADC 348. The output of the ADC 348
can be compared to this known  voltage by the control
module 340. The control module 340 may then adjust
values in  the storage module 342 until the output of
the ADC 348 achieves the desired value. [0072]
Referring now to FIG. 5, an exemplary high-level
physical layout of the  ADC of FIG. 3 is depicted. The
positive and negative resistance ladder legs 226 and
228 are laid out in between calibration RAM
(random-access memory) 358 and the  



string of comparators. The current sources 238 and 234
of the positive leg 226 are  adjacent to one another
and also to the current sources 248 and 246 of the
negative leg  228. The ladder resistances 230, 232,
242, and 244 are here depicted as their smaller
constituent resistances, such as resistances 360-1,
360-2, 360-3, and 360-4. [0073] The output of the
second amplifier 214, in communication with the
opposite terminal of the first feedback resistance
216, is shown driving the middle node  of the positive
leg 226- i.e., the node between the first and second
ladder resistances  230 and 232. Similarly, the output
of the fourth amplifier 218, in communication with the
opposite terminal of the second feedback resistance
220, is shown driving the middle  node of the negative
leg 228. The middle nodes of the positive and negative
legs 226  and 228 are located at the bottom of the
physical layout, while the current sources 238,  234,
248, and 246 are located at the top. 22 [0074] The
comparators are arranged in a row to the right of the
resistance  ladder legs 226 and 228. The first two
comparators 370-1 and 370-2 are dummy  comparators.
The next two comparators 250 and 252 were depicted in
FIG. 3 and are  shown connected to the same nodes in
the positive and negative legs 226 and 228.  The next
two comparators 370-3 and 370-4 communicate with
internal nodes of the  ladder resistances 230, 232,
242, and 244. At the bottom of the string of
comparators  are the final four comparators 370-127,
370-128, 370-129, and 370-130. Comparators  370-129
and 370-130 are dummy comparators. [0075] Comparators
250 and 252 correspond to bits 0 and 127 in a
thermometer code, respectively. Comparators 370-3 and
370-4 correspond to bits 1  



and 126, respectively; and comparators 370-127 and
370-128 correspond to bits 63 and  64, respectively.
The number of comparators depicted here are those
needed in an  exemplary implementation of a seven-bit
ADC (N = 7). There are 2N + 4 (132)  comparators, with
four of those comparators being dummy comparators.
Each of the  legs 226 and 228 of the resistance ladder
includes 2""1 (64) resistances. Each of the  ladder
resistances 230, 232, 242, and 244 therefore includes
32 individual resistances. [0076] The signal from the
second amplifier 214 experiences the least delay  at
the point it is injected into the positive leg 226 of
the resistance ladder- the node  between. resistances
360-1 and 360-2. Likewise, the signal from the fourth
amplifier  218 experiences the least delay at the
point it is injected into the negative leg 226 of the
resistance ladder- the center node between resistances
360-3 and 360-4. As the  signals propagate from the
amplifiers 214 and 218 to the respective ends of each
resistance ladder leg 226 and 228, the greatest delay
is experienced adjacent to the  23 current sources
234, 238, 246, and 248. The signals arriving at the
comparators  situated at the ends of the resistance
ladders are the most delayed, causing the  extremes of
voltage measured by the ADC to be delayed relative to
middle voltages  measured by comparators closer to the
amplifiers 214 and 218. [0077] This distortion is
demonstrated graphically in FIG. 6. A period of an
ideal sine wave 400 is depicted. Also depicted is a
period of a sine wave distorted by  the propagation
delay inherent in the ADC. Note that at the middle
voltage, there is little  to no delay, while at the
voltage extremes, both plus and minus, there is more
delay.  Two approaches can mitigate or even eliminate
this distortion. 



[0078] Referring now to FIG. 7, a graphical depiction
of progressive  comparator delay elements is
presented. The comparator input, represented here at
408, closest to an input amplifier 410 would normally
receive the input signal with no  delay. Meanwhile,
comparator inputs further away from the amplifier 410,
such as  comparator 412, experience much greater
delay. To compensate for this disparity,  delay can be
artificially added to the input paths leading to the
inputs of closer  comparator inputs so that all
comparator inputs experience the same delay.
Comparator inputs closest to the amplifier 410 would
require the greatest added delay,  represented
graphically as a long signal trace 414. Added delay is
reduced the further  the comparator input is from the
amplifier 410, until the furthest comparator input 412
has no added delay, represented by a short signal
trace 416. [0079] The comparator input delay may be
more feasibly implemented using  transistors. Note
that because the comparators of interest are those in
the transition  region (near the middle of the
signal), the delay will always be correct if identical
24 transistor elements are used for the delay
elements, even though the common mode  input voltages
of the comparators are normally different. The size of
adjustable delay  elements should be designed to allow
for the value of the largest delay needed. [0080]
Referring now to FIG. 8, an alternative scheme for
minimizing  distortion due to propagation delay in the
ADC is graphically depicted. A strobe  amplifier 430
communicates with latching devices (first shown in
FIG. 3), three of which  are depicted here: first
latching device 432-1, second latching device 432-2,
and third  latching device 432-3. The latching devices
432 receive their input from respective  



comparators. [0081] Latching devices are activated
with a strobe, at which point the latching  device
retains the value at its input (either a 0 or a 1
received from the respective  comparator). Because
comparators furthest away from the driving amplifier
suffer the  most delay, the. respective latching
devices can be actuated at a correspondingly later
time, as determined by the delay the respective
comparator experiences. After all  latching devices
have been strobed, their contents can be read
simultaneously to  determine the digital output
string. This string may be converted from a
thermometer  code to a binary code by a decoder module
(such as the decoder module 264 of FIG.  3). Because
the latching devices are all read simultaneously after
their contents have  been latched, the fact that they
were strobed at different times does not translate to
the  output. [0082] To strobe the latching devices at
varying times, a strobe amplifier 430  communicates a
strobe signal to the latching devices 432 via a series
of delay elements  434. The delay elements 434 are
represented graphically as a resistive trace, though
25 other delay elements, such as transistors, may be
used. The third latching device 432-3  is closest to
the strobe amplifier 430 and will, therefore, latch
the output of its respective  comparator earliest. The
second latching device 432-2 is located further away
from the  strobe amplifier 430 and therefore latches
the output of its respective comparator  slightly
later. The first latching device 432-1 is located
furthest from the strobe amplifier  430 and,
therefore, latches its respective input last. To
reiterate, the greater delay of  the strobe signal in
reaching the furthest latching device 432-1 allows
time for the input  



voltage signal to reach the furthest comparator, which
is associated with the first  latching device 432-1.
[0083] Referring now to FIG. 9, a functional circuit
diagram of a segmented  resistance ladder
implementation is depicted. In previous figures, such
as FIG. 5,  resistance ladders were depicted as series
connections of resistances. For a 100 0  resistance
ladder with 128 resistances (which could yield 8 bit
resolution in a differential  configuration or 7 bit
resolution in a single-ended configuration), each
resistance would  be approximately 0.78 0 (100 0 /
128). Resistances this small may be difficult to make
accurately, or even to make at all, in many processes.
A solution is to use a segmented  ladder network.
[0084] A main segment 450 includes a number of main
segment resistances  452, while a secondary segment
454 includes a number of secondary resistances 456.  A
group of M secondary resistances 456 are connected in
series to each other and then  in parallel with a
single primary resistance 452. This parallel
combination is repeated as  many times as is necessary
for the resistance ladder. As one example, if there
are 8  26 primary resistances in the main segment, to
make a resistance ladder with 128 total  steps, each
group of secondary resistances should contain 16
resistances (M = 128 / 8). [0085] If the resistance
ladder is to have a have a resistance of 100 0, each
parallel combination of primary resistance with 16
secondary resistances should be 12.5  Q (100 0 / 8).
If the primary resistances have a resistance of 15 0,
75 0 in parallel with  15 0 will yield the necessary
12.5 0. Each of the secondary resistances can then be
4.69 0 (75 0 / 16). 



[0086] Referring now to FIG. 10, a three-step
segmented ladder network is  depicted. If resistances
required by the two-step segmented network of FIG. 9,
such as  the example 4.69 0 resistances, are still too
small to implement, tertiary segments can  be added. A
single exemplary parallel combination of main,
secondary, and tertiary  resistances is depicted in
FIG. 10. Eight of these parallel combinations would
achieve a  resistance ladder with 128 total steps. The
15 0 resistance 452 of the main segment  remains. A
group of tertiary resistances 460 are placed in
parallel with a single  secondary resistance 462 and a
group of these parallel combinations are placed in
series with each other and in parallel with the
primary resistance 452. [0087] If each tertiary
resistance is 15 0, a group of four in series will be
60 Q.  60 0 in parallel with 27.3 0 yields 18.75 0.
Four of these 18.75 0 parallel combinations  in series
yield 75 0. 75 f) in parallel with the 15 f) primary
resistance yields 12.5 0,  which when repeated eight
times gives the appropriate 100 0 total resistance
ladder  resistance. Segmenting of the resistances in
this fashion can continue until the smallest
resistance required is able to be fashioned in the
current process technology. 27 [0088] Because the
resistances are still relatively small in size, each
main  segment may be made using metal wiring.
Depending upon the size of the secondary  segments,
they might still be made using poly resistance. The
main resistance  segments should be surrounded by
other metal of the same material to guarantee equal
metal thickness. This is even more important in a 65
nm process, as CMP (chemical- mechanical
planarization) can easily cause metal thickness to
vary along the main  segment if metal density is not
uniform. The metal resistance can be surrounded by  



placing it between calibration RAM and the comparator
array, as depicted in FIG. 5.  CMP dishing problems
accumulate with each higher metal level,.making metal
1 a  desirable resistance material due to its
uniformity. Using metal resistance, there is a  good
chance that secondary resistances will not be needed
except to resolve the last  two to three bits (divide
by. two or four only). Note that divide by one means
no  secondary resistances. [0089] Referring now to
FIG. 11, an exemplary layout of a resistance ladder is
presented. A first metal 1 trace 480, serving as
resistance, is laid out in a folded shape  to minimize
the area required. A second metal 1 trace 481, in a
folded configuration  symmetrically identical to that
of the first metal 1 trace 480, is located next to the
first  metal 1 trace 480. An end of the first metal 1
trace 480 is connected to an adjacent end  of the
second metal 1 trace 481. This connection point
contains a contact square 482  for connection to an
input amplifier. The contact square 482 is located in
the middle of  a metal one structure formed by the
first and second metal 1 traces 480 and 481. The
metal 1 traces 480 and 481 compose the two halves of a
resistance ladder (such as the  28 ladder resistances
230 and 232 of FIG. 3). Metal 2 traces 484 contact the
metal 1  traces 480 and 481 at additional contact
squares 486. [0090] Referring now to FIGs. 12A-12G,
various exemplary implementations  of the device are
shown. Referring now to FIG. 12A, the device can be
implemented in  a hard disk drive 500. The device may
implement and/or be implemented in analog to  digital
converters in either or both signal processing and/or
control circuits and/or a  power supply 503, which are
generally identified in FIG. 12A at 502. In some  



implementations, the signal processing and/or control
circuit 502 and/or other circuits  (not shown) in the
HDD 500 may process data, perform coding and/or
encryption,  perform calculations, and/or format data
that is output to and/or received from a  magnetic
storage medium 506. [0091] The HDD 500 may communicate
with a host device (not shown) such  as a computer,
mobile computing devices such as personal digital
assistants, cellular  phones, media or MP3 players and
the like, and/or other devices via one or more wired
or wireless communication links 508. The HDD 500 may
be connected to memory 509  such as random access
memory (RAM), low latency nonvolatile memory such as
flash  memory, read only memory (ROM) and/or other
suitable electronic data storage. [0092] Referring now
to FIG. 12B, the device can be implemented in a
digital  versatile disc (DVD) drive 510. The device
may implement and/or be implemented in  analog to
digital converters in either or both signal processing
and/or control circuits,  which are generally
identified in FIG. 12B at 512, mass data storage of
the DVD drive  510 and/or a power supply 513. The
signal processing and/or control circuit 512 and/or
other circuits (not shown) in the DVD 510 may process
data, perform coding and/or  29 encryption, perform
calculations, and/or format data that is read from
and/or data written  to an optical storage medium 516.
In some implementations, the signal processing  and/or
control circuit 512 and/or other circuits (not shown)
in the DVD 510 can also  perform other functions such
as encoding and/or decoding and/or any other signal
processing functions associated with a DVD drive.
[0093] The DVD drive 510 may communicate with an
output device (not  



shown) such as a computer, television or other device
via one or more wired or wireless  communication links
517. The DVD 510 may communicate with mass data
storage 518  that stores data in a nonvolatile manner.
The mass data storage 518 may include a  hard disk
drive (HDD). The HDD may have the configuration shown
in FIG. 12A. The  HDD may be a mini HDD that includes
one or more platters having a diameter that is
smaller than approximately 1.8". The DVD 510 may be
connected to memory 519 such  as RAM, ROM, low latency
nonvolatile memory such as flash memory and/or other
suitable electronic data storage. [0094] Referring now
to FIG. 12C, the device can be implemented in a high
definition television (HDTV) 520. The device may
implement and/or be implemented in  analog to digital
converters in either or both signal processing and/or
control circuits,  which are generally identified in
FIG. 12E at 522, a WLAN interface, mass data storage
of the HDTV 520 and/or a power supply 523. The HDTV
520 receives HDTV input  signals in either a wired or
wireless format and generates HDTV output signals for
a  display 526. In some implementations, signal
processing circuit and/or control circuit  522 and/or
other circuits (not shown) of the HDTV 520 may process
data, perform  30 coding and/or encryption, perform
calculations, format data and/or perform any other
type of HDTV processing that may be required. [0095]
The HDTV 520 may communicate with mass data storage
527 that  stores data in a nonvolatile manner such as
optical and/or magnetic storage devices. At  least one
HDD may have the configuration shown in FIG. 12A
and/or at least one DVD  may have the configuration
shown in FIG. 12B. The HDD may be a mini HDD that  



includes one or more platters having a diameter that
is smaller than approximately 1.8".  The HDTV 520 may
be connected to memory 528 such as RAM, ROM, low
latency  nonvolatile memory such as flash memory
and/or other suitable electronic data storage.  The
HDTV 520 also may support connections with a WLAN via
a WLAN network  interface 529. [0096] Referring now to
FIG. 12D, the device may implement and/or be
implemented in analog to digital converters in a
control system of a vehicle 530, a  WLAN interface,
mass data storage of the vehicle control system and/or
a power supply  533. In some implementations, the
device implement a powertrain control system 532  that
receives inputs from one or more sensors such as
temperature sensors, pressure  sensors, rotational
sensors, airflow sensors and/or any other suitable
sensors and/or  that generates one or more output
control signals such as engine operating parameters,
transmission operating parameters, and/or other
control signals. [0097] The device may also be
implemented in other control systems 540 of  the
vehicle 530. The control system 540 may likewise
receive signals from input  sensors 542 and/or output
control signals to one or more output devices 544. In
some  implementations, the control system 540 may be
part of an anti-lock braking system  31 (ABS), a
navigation system, a telematics system, a vehicle
telematics system, a lane  departure system, an
adaptive cruise control system, a vehicle
entertainment system  such as a stereo, DVD, compact
disc and the like. Still other implementations are
contemplated. [0098] The powertrain control system 532
may communicate with mass data  



storage 546 that stores data in a nonvolatile manner.
The mass data storage 546 may  include optical and/or
magnetic storage devices for example hard disk drives
HOD  and/or DVDs. At least one HOD may have the
configuration shown in FIG. 12A and/or  at least one
DVD may have the configuration shown in FIG. 12B. The
HDD may be a  mini HOD that includes one or more
platters having a diameter that is smaller than
approximately 1.8". The powertrain control system 532
may be connected to memory  547 such as RAM, ROM, low
latency nonvolatile memory such as flash memory and/or
other suitable electronic data storage. The powertrain
control system 532 also may  support connections with
a WLAN via a WLAN network interface 548. The control
system 540 may also include mass data storage,. memory
and/or a WLAN interface (all  not shown). [0099]
Referring now to FIG. 12E, the device can be
implemented in a cellular  phone 550 that may include
a cellular antenna 551. The device may implement
and/or  be implemented in analog to digital converters
in either or both signal processing and/or  control
circuits, .which are generally identified in FIG. 12E
at 552, a WLAN interface,  mass data storage of the
cellular phone 550 and/or a power supply 553.] In some
implementations, the cellular phone 550 includes a
microphone 556, an audio output  558 such as a speaker
and/or audio output jack, a display 560 and/or an
input device  32 562 such as a keypad, pointing
device, voice actuation and/or other input device. The
signal processing and/or control circuits 552 and/or
other circuits (not shown) in the  cellular phone 550
may process data, perform coding and/or encryption,
perform  calculations, format data and/or perform
other cellular phone functions. 



[00100] The cellular phone 550 may communicate with
mass data storage 564  that stores data in a
nonvolatile manner such as optical and/or magnetic
storage  devices for example hard disk drives HDD
and/or DVDs. At least one HDD may have  the
configuration shown in FIG. 12A and/or at least one
DVD may have the  configuration shown in FIG. 12B. The
HDD may be a mini HDD that includes one or  more
platters having a diameter that is smaller than
approximately 1.8". The cellular  phone 550 may be
connected to memory 566 such as RAM, ROM, low latency
nonvolatile memory such as flash memory and/or other
suitable electronic data storage.  The cellular phone
550 also may support connections with a WLAN via a
WLAN  network interface 568. [00101] Referring now to
FIG. 12F, the device can be implemented in a set top
box 580. The device may implement and/or be
implemented in analog to digital  converters in either
or both signal processing and/or control circuits,
which are generally  identified in FIG. 12F at 584, a
WLAN interface, mass data storage of the set top box
580 and/or a power supply 583. The set top box 580
receives signals: from a source  such as a broadband
source and outputs standard and/or high definition
audio/video  signals suitable for a display 588 such
as a television and/or monitor and/or other video
and/or audio output devices. The signal processing
and/or control circuits 584 and/or  other circuits
(not shown) of the set top box 580 may process data.,
perform coding  33 and/or encryption, perform
calculations, format data and/or perform any other set
top  box function. [00102] The set top box 580 may
communicate with mass data storage 590  



that stores data in a nonvolatile manner: The mass
data storage 590 may include  optical and/or magnetic
storage devices for example hard disk drives HDD
and/or  DVDs. At least one HDD may have the
configuration shown in FIG. 12A and/or at least  one
DVD may have the configuration shown in FIG. 12B. The
HDD may be a mini HOD  that includes one or more
platters having a diameter that is smaller than
approximately  1.8". The set top box 580 may be
connected to memory 594 such as RAM, ROM, low  latency
nonvolatile memory such as flash memory and/or other
suitable electronic data  storage. The set top box 580
also may support connections with a WLAN via a WLAN
network interface 596. [00103] Referring now to FIG.
12G, the device can be implemented in a media  player
600. The device may implement and/or be implemented in
analog to digital  converters in either or both signal
processing and/or control circuits, which are
generally  identified in FIG. 12G at 604, a WLAN
interface, mass data storage of the media player  600
and/or a power supply 603.] In some implementations,
the media player 600  includes a display 607 and/or a
user input 608 such as a keypad, touchpad and the
like.  In some implementations, the media player 600
may employ a graphical user interface  (GUI) that
typically employs menus, drop down menus, icons and/or
a point-and-click  interface via the display 607
and/or user input 608. The media player 600 further
includes an audio output 609 such as a speaker and/or
audio output jack. The signal  processing and/or
control circuits 604 and/or other circuits (not shown)
of the media  34 player 600 may process data, perform
coding and/or encryption, perform calculations,
format data and/or perform any other media player
function. 



[00104] The media player 600 may communicate with mass
data storage 610  that stores data such as compressed
audio and/or video content in a nonvolatile  manner.
In some implementations, the compressed audio files
include files that are  compliant with MP3 format or
other suitable compressed audio and/or video formats.
The mass data storage may include optical and/or
magnetic storage devices for  example hard disk drives
HDD and/or DVDs. At least one HDD may have the
configuration shown in FIG. 12A and/or at least one
DVD may have the configuration  shown in FIG. 12B. The
HDD may be a mini HDD that includes one or more
platters  having a diameter that is smaller than
approximately 1.8". The media player 600 may  be
connected to memory 614 such as RAM, ROM, low latency
nonvolatile memory such  as flash memory and/or other
suitable electronic data storage. The media player 600
also may support connections with a WLAN via a WLAN
network interface 616. Still  other implementations in
addition to those described above are contemplated.
[00105] Those skilled in the art can now appreciate
from the foregoing  description that the broad
teachings of the present invention can be implemented
in a  variety of forms. Therefore, while this
invention has been described in connection with
particular examples thereof, the true scope of the
invention should not be so limited  since other
modifications will become apparent to the skilled
practitioner upon a study of  the drawings, the
specification and the following claims. 35 CLAIMS
What is claimed is: 1. A differential analog to
digital converter (ADC) comprising: 



a first resistance ladder leg including two
resistances having first ends that  communicate with a
middle node and second ends that communicate with a
current  source; a second resistance ladder leg
including two resistances having first ends  that
communicate with a middle node and second ends that
communicate with a current  source; a first amplifier
that applies a voltage based upon a first phase of an
input  signal to said middle node of said first
resistance ladder leg; a second amplifier that applies
a voltage based upon a second phase of  the input
signal to said middle node of said second resistance
ladder leg; and a plurality of comparators, each
having first" and second inputs, wherein  said first
input communicates with one of said two resistances of
said first resistance  ladder leg, and said second
input communicates with one of said two resistances of
said second resistance ladder leg.. 2. The ADC of
Claim 1 wherein each of said plurality of comparators
are  calibrated. 36 3. The ADC of Claim 2 wherein said
current sources of said first and second  resistance
ladder legs are turned off during calibration. 4. The
ADC. of Claim 3 wherein said first and second
amplifiers output  voltages based upon an input signal
that is substantially equal to zero during
calibration.  5. The ADC of Claim 2 wherein each of
said plurality of comparators includes.  an adjustable
current source that is adjusted based upon a
respective digital value. 



6. The ADC of Claim 5 wherein said respective digital
values are determined  during calibration. 7. The ADC
of Claim 6 further comprising a control module that,
during  calibration, varies said respective digital
values based upon outputs of said plurality of
comparators. 8. The ADC of Claim 1 wherein said first
and second amplifiers include  transimpedance
amplifiers. 9. The ADC of Claim 1 wherein said first
and second amplifiers include  nested transimpedance
amplifiers. 37 10. The ADC of Claim 1 wherein each of
said resistances of said first and  second resistance
ladder legs comprises N individual resistances,
wherein N is an  integer greater than one. 11. The ADC
of Claim 10 wherein said individual resistances have
substantially equal resistance values. 12. The ADC of
Claim 1 wherein said resistances of said first
resistance  ladder legs comprise N individual
resistances connected in series. 13. The ADC of Claim
1 wherein said resistances of said first resistance
ladder leg comprise a plurality of primary resistances
connected in series and groups of  secondary
resistances connected in parallel with each of said
primary resistances. 14. The ADC of Claim 1 wherein
said resistances of said first resistance  ladder leg
comprise a plurality of primary resistances connected
in series, groups of  secondary resistances connected
in parallel with each of said primary resistances, and



groups of tertiary resistances connected in parallel
with each of said secondary  resistances. 15. The ADC
of Claim 1 wherein said resistances of said first
resistance  ladder leg comprise N individual
resistances-. 38 16. The ADC of Claim 15 wherein said
first inputs of said comparators  communicate with a
connection between two of said N individual
resistances of said first  resistance ladder leg, and
said second inputs communicate with a connection
between  two of said individual resistances of said
second resistance ladder leg. 17. The ADC of Claim 1
wherein said first and second inputs of said plurality
of comparators experience a propagation delay based
upon an electrical distance of  said first and second
inputs from a corresponding one of said middle nodes.
18. The ADC of Claim 17 further comprising delay
elements that communicate  with said first and second
inputs of said comparators and that create
substantially  identical aggregate delays from
corresponding ones of said middle nodes to said first
and second inputs of said comparators. 19. The ADC of
Claim 18 wherein said delay elements comprise
resistive  traces. 20. The ADC of Claim 18 wherein
said delay elements comprise transistors.  21. The ADC
of Claim 17 further comprising a plurality of latching
devices  each corresponding to one of said plurality
of comparators. 39 22. The ADC of Claim 21 wherein
said plurality of latching devices latch an  



output from a corresponding one of said plurality of
comparators at a delayed time  based upon a
propagation delay at at least one of first and second
inputs of said  corresponding one of said plurality of
comparators. 23. The ADC of Claim 22 further
comprising a decoding module that reads  outputs of
said plurality of latching devices substantially
simultaneously after a last one  of said plurality of
latching devices is actuated. 24. The ADC of Claim 1
wherein said ADC is implemented on an integrated
circuit having a first metal layer, and wherein said
first and second resistance ladder  legs are
implemented in said first metal layer. 25. The ADC of
Claim 24 wherein said two resistances of said first
resistance  -ladder leg are connected at said middle
node, and are laid out as mirror images of each
other, and wherein said two resistances of said second
resistance ladder leg are  connected at said middle
node, and are laid out as mirror images of each other.
26. The ADC of Claim 25 wherein each of said
resistances of both said first  and second resistance
ladder legs is laid out in a folded shape to minimize
area. 40 


