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Abstract—This paper presents a 35-GS/s, 4-bit flash ADC-DAC
with active data and clock distribution trees. At mm-wave clock
frequencies, skew due to mismatch in the clock and data distribu-
tion paths is a significant challenge for both flash and time-inter-
leaved converter architectures. A full-rate front-end track and hold
amplifier (THA) may be used to reduce the effect of skew. How-
ever, it is found that the THA output must then be distributed to
the comparators with a bandwidth greater than the sampling fre-
quency in order to preserve the flat regions of the track and hold
waveform. Instead, if the data and clock distribution have very low
skew, the THA can be omitted thus obviating the associated non-
linearities and resulting in improved performance. In this work, a
tree of fully symmetric and linear BiCMOS buffers, called a “data
tree”, distributes the input to the comparator bank with a mea-
sured 3-dB bandwidth of 16 GHz. The data tree is integrated into
a complete 4-bit ADC including a full-rate input THA that can be
disabled and a 4-bit thermometer-code DAC for testing purposes.
The chip occupies 2.5 mm 3.2 mm including pads and is imple-
mented in 0.18 m SiGe BiCMOS technology. The ADC consumes
4.5 W from a 3.3 V supply while the DAC operates from a 5 V
supply and consumes 0.5 W. The ADC has 3.7 ENOB with a 3-dB
effective resolution bandwidth of 8 GHz and a full-scale differen-
tial input range of 0.24 . With the THA enabled, the perfor-
mance degrades rapidly beyond 8 GHz to less than 1-bit, but with
the THA disabled, the ENOB remains better than 3-bits for inputs
up to 11 GHz with an SFDR of better than 26 dB.

Index Terms—Active clock distribution, active data distribution,
analog to digital converter (ADC), BiCMOS amplifiers, digital
to analog converter (DAC), DSP-based equalizers, flash data
converters, mm-wave data converters, SiGe BiCMOS HBT, track
and hold amplifier (THA), transimpedance amplifier (TIA).

I. INTRODUCTION

A
ROBUST and integrated wireline receiver solution is to

employ digital signal processing (DSP) for dispersion and

intersymbol interference (ISI) compensation and recovery of the

clock. DSP-based equalization can be employed for optical links

or to address the need to push higher data rates through existing

low frequency copper wireline infrastructures. Electrical equal-

ization (if possible) is an inexpensive alternative to replacing

the existing wired infrastructure. However, a major bottleneck

in realizing a DSP-based equalizer is the implementation of the
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preceding analog-to-digital converter (ADC). DSP-based equal-

izers using baud-rate ADCs have been demonstrated in the past

[1], [2]. Other applications for mm-wave ADCs include satel-

lite and wireless communication [3], [4], high speed soft-deci-

sion-based forward error correction systems [5], military radar

systems [6] and instrumentation (i.e., wide bandwidth sampling

oscilloscopes) [7]. Furthermore, depending on the application,

the desired ENOB varies. For instance, [3] has demonstrated a

powerful forward error correction for 10 Gb/s optical commu-

nication systems using a 3-bit soft decision IC. For DSP-based

optical communications, [8] recommends sampling at twice the

data rate combined with an ENOB of over 4 bits in the frequency

band of interest.

High speed ADCs reported in the literature use a variety of

technologies and architectures. The highest sampling rates have

been realized with SiGe and InP technologies [6], [8], [9]. To

overcome the capacitive load associated with the comparator

bank, in mm-wave flash or time interleaved architectures, dif-

ferent techniques have been employed.

To achieve a combination of high sampling rate and high res-

olution, time-interleaved architectures have been demonstrated

in [7] and [10]. These designs rely on parallelism and require

periodic calibration for offset, gain, skew and mismatch correc-

tion. A simplified block diagram of this approach is shown in

Fig. 1(a). The reported CMOS implementations use time-inter-

leaved THAs to drive banks of time interleaved sub-ADCs. In

[7], the front-end consists of 80 parallel THAs and a SiGe am-

plifier is used to drive the 4 pF of total input capacitance. In [10],

a power splitter is used to break up the input capacitance of the

THAs. The latter approach requires a full scale differential input

of 1.2 .

The highest reported sampling rate of 40 GHz was achieved

using a SiGe technology GHz for a

3-bit ADC [6]. In this approach (shown in Fig. 1(b)) the com-

parator bank is treated as a lumped load to be driven by a THA.

A 5-bit, 22 GS/s ADC is presented in [8] where the input

capacitance of the comparators is absorbed along a transmission

line. This approach, which was originally implemented in [9], is

shown in Fig. 1(c). No track-and-hold amplifier (THA) or other

active input stage was integrated. The implemented ADC in [8]

requires a differential input signal amplitude of 1.28 and

precise matching between the delay of the input data path and

the clock distribution network to avoid clock-to-data skew.

This paper presents an alternative architecture which is

shown in Fig. 1(d). The fabricated ADC uses a tree of linear

buffers to drive the capacitive load of the comparator bank.

A TIA with 12 dB of differential gain is used as a relatively

low-noise front-end amplifier. This combination allows the

0018-9200/$25.00 © 2009 IEEE
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Fig. 1. Flash converter architectures: (a) A time interleaved architecture with
sub-rate THAs and multiphase clock generator (e.g., [7], [10]). (b) Direct driving
the comparator bank using a full rate THA (e.g., [6]). (c) Using a transmission
line to distribute the input and the clock signal (e.g., [8]). (d) Implementation of
active distribution networks to route the input and clock signal to the comparator
bank, as in this work.

ADC to process small input signals (0.24 differential), and

drive the comparator bank through a symmetric data tree for

minimized skew. A fully symmetric bipolar clock distribution

network is employed to minimize clock skew. This technique

relies only on the matching between identical blocks in each

distribution tree. A THA may be inserted between the front-end

amplifier and the data tree, but it will be shown that unless

sufficient bandwidth is provided in the data tree such a track

and hold amplifier can actually degrade the performance of

the ADC. Section II discusses the impact of the data tree on

the ADC performance and the efficacy of the THA for high

frequency input signals. Measurements of a fabricated breakout

comprising a THA followed by an active data tree are also

presented. The implementation and measurement results of

the fabricated 35-GS/s flash ADC is discussed in Section III.

Concluding remarks are presented in Section IV.

II. IMPACT OF THE ACTIVE DATA TREE ON ADC PERFORMANCE

By using a tree of linear buffers to drive the comparators of the

ADC, the large capacitance associated with the comparator bank

is divided amongst buffers with reduced fan-out. Since the input

capacitance of the data tree is significantly smaller than that of

the entire comparator bank, a high gain front-end amplifier (in

this design, a TIA) can then be used to drive the data tree with

sufficient bandwidth (Fig. 1(d)). It is important to note however,

that in contrast to purely passive data distribution, this active

implementation consumes power.

A simple approach is to design the data tree using identical

amplifiers with a fan-out of , in which case the required depth

of the tree is for an n-bit flash converter. In order

to minimize the number of cascaded stages, the highest fan-out

which satisfies the overall required data tree bandwidth must

be chosen. In practice, layout considerations and symmetry re-

quirements of the data tree must also be considered. To achieve

a data tree bandwidth of , each buffer with a fan-out of

must have a 3 dB frequency of at least [11]

(1)

In an -bit converter and under otherwise ideal conditions,

a front-end amplifier and data tree bandwidth of can

achieve an ENOB of better than (n-0.5)-bits up to the Nyquist

frequency. However, sources of sampling uncertainty can

further degrade the performance of the ADC. The maximum

achievable SNR in the presence of sampling jitter is [12]

(2)

In flash ADCs, three major sources of timing uncertainty are

clock skew, data skew and random jitter of the clock signal,

but clock and data skew dominate if the ADC is driven by

a low phase noise clock [8]. To combat clock and data skew

in mm-wave ADCs, a THA may be employed. A full rate

THA can be inserted after the front-end amplifier. For half the

clock period the THA holds the input signal constant, ideally

reducing the rate of change of the input signal to zero. During

this time, the clocked comparators make decisions based on the

held value. For the second half of the clock period, the THA

tracks the input signal. In the presence of an ideal THA, the

sampling uncertainty due to clock and data skew is eliminated.

The THA produces the desired “zero slope” regions in the

time domain by introducing high frequency content to the spec-

trum of the input signal. This high frequency content must be

preserved otherwise the hold mode behavior of the THA is lost.

In practice, poles introduced at the output of the THA and com-

parator pre-amplifiers attenuate this content, thus reducing the

efficacy of the THA. Fig. 2 shows the block diagram of a 4-bit

flash ADC used to model this phenomenon. In our behavioral
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Fig. 2. This model is used to simulate the efficacy of a THA in the presence of data tree bandwidth limitations. Without sufficient data tree bandwidth, the THA
is unable to combat the effects of the clock and data skew (� and � , respectively).

Fig. 3. Impact of the data tree bandwidth on the THA waveform: (a) � � �� , (b) � � ���� , (c) � � ���� . The input signal frequency is
� � ����� . The hold mode behavior of the THA is mostly lost if the data tree bandwidth is limited.

simulations, an ideal THA is followed by an th order low-pass

filter

(3)

and with a 3 dB bandwidth of . The low-pass filter repre-

sents the frequency response of the data tree. For a constant 3 dB

bandwidth, simulation results are similar for . The

results shown here are for . Clock and data skew are mod-

eled by delaying the input and clock of each comparator by in-

dependent Gaussian distributed random variables ( and

in Fig. 2) with zero mean and standard deviations of

where is the clock period of the ADC. Behavioral

simulations of one hundred 4-bit ADCs with a data tree band-

width of and no THA show that with increasing input

frequency, the average ENOB decreases due to skew. For in-

stance, while 95% of all simulated ADCs achieve an ENOB of

better than 3.5 bits for an input frequency of , only 3%

of the simulated ADCs achieve the same ENOB for an input fre-

quency of .

An ideal THA followed by a data tree with infinite bandwidth

can fully eliminate the effect of the skew in more than 99.7% of

all simulated ADCs resulting in an ENOB of 4-bits for any input

frequency. However, an ideal THA followed by a finite-band-

width data tree can be expected to have performance somewhere

between these two extremes. The goal is to investigate the data

tree bandwidth requirements such that a THA can successfully

combat skew.

Fig. 3 shows the input to the comparator bank for a sinu-

soidal input signal with where

is the clock frequency of ADC in rad/s. With a very high

bandwidth data tree, the slope during the hold time is zero, pro-

viding immunity against skew. However, as the bandwidth is re-

duced, the input to the comparator bank looks increasingly like

a sinusoid at the ADC input. Hence, the THA provides little

improvement in performance unless the bandwidth of the fol-

lowing stages is high enough.
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Fig. 4. Simulated ENOB of a 4-bit Flash ADC in the presence of clock and data skew with standard deviations of ����� . It can be observed that if the data
tree bandwidth is limited to ���� , a THA offers little improvement in performance.

The simulated ADC ENOB profile is shown in Fig. 4. It shows

the minimum ENOB achieved by the best 95% of all simulated

ADCs. With a data tree bandwidth of , no THA, and in

the presence of skew, an ENOB better than 3-bits can only be

expected for input frequencies up to . With the THA

enabled and the data tree bandwidth extended to beyond ,

nearly all simulated ADCs achieved 4-bits of ENOB. However,

it can be observed that if the bandwidth of the data tree is close

to the Nyquist frequency, , implementing a THA

gives little improvement in performance. Therefore, if a THA

is to be employed effectively, the bandwidth of the data tree

must exceed the clock frequency; typically a very difficult de-

sign specification for mm-wave conversion rates.

A. THA and Data Tree Breakout

To investigate the impact of the data tree on the ADC perfor-

mance, a breakout of the TIA, THA and data tree has been fabri-

cated. This breakout allows for the characterization of the TIA,

THA, and the BiCMOS data tree. The front-end amplifier is a

low noise broadband TIA, followed by a buffering stage which

drives the THA. The buffering stage provides biasing current

to the THA and improves the single-ended to differential con-

version when the TIA is driven single-ended [14]. Unlike [6],

[7], [10], the implemented THA needs to only drive a small

output capacitance. A data tree of BiCMOS cascode buffers

is employed. The tree is intended for use in a 4-bit flash con-

verter. Each stage has a fan-out of two and, to save area in this

breakout, only one branch of the tree is implemented with the

other branches terminated on chip. A BiCMOS 50 driver al-

lows the analog output of the tree to be taken off-chip.

1) Transimpedance Amplifier (TIA): A transimpedance

amplifier can be designed to provide simultaneous noise and

impedance matching without the need for 50 matching re-

sistors [13]. Fig. 5 shows the schematic of the TIA included in

this ADC. The TIA is employed as the front-end amplifier and

Fig. 5. Schematic of the implemented fully bipolar TIA. The TIA has 12 dB
of simulated differential gain and drives the THA.

is driven as a voltage amplifier. In order to achieve the desired

12 dB of differential gain, the TIA is implemented using SiGe

HBTs only. In this design, we have added 12 degeneration

resistors to improve the linearity of the TIA without signifi-

cantly degrading the noise figure. Diode connected transistors

and prevent the breakdown of and . A switched

emitter-follower THA is also implemented following the design
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Fig. 6. Schematic of the MOS-HBT cascode differential pair used in the data
tree. CMOS input transistors offer high linearity while the bipolar cascode tran-
sistors offer low output capacitance.

methodology described in [14]. The TIA has a simulated band-

width of better than 20 GHz. This simulation is also supported

by the measurement results presented in [14].

2) BiCMOS Data Tree: Each block in the BiCMOS data

tree consists of a MOS-HBT cascode amplifier shown in Fig. 6.

The BiCMOS cascode amplifiers have a tail current of 8 mA

with the MOSFETs biased near the peak current density

mA m . Although smaller nMOS transistors are

more susceptible to mismatches, biasing at was necessary

to achieve a combination of high bandwidth and high linearity.

In this design, the layout of each data tree block is optimized

by using dummy resistors, transistors and interdigitating and

merging the nMOS transistors with common sources a single

well to minimize mismatches. The 0.18 m nMOS pair offers

a simulated differential input compression point of 1.5 at

low frequencies. The HBT common-base transistors create low

impedance cascode nodes with high output slew rate and band-

width. The data tree is implemented completely symmetrically

to minimize systematic sources of skew, comparator dependent

signal attenuation and offsets. Series-shunt inductive peaking is

also used throughout the data tree. Series peaking is provided

by the interconnect between the data tree blocks. The simulated

bandwidth of a single block with a fan-out of two is 45 GHz and

the simulated gain of the entire data tree is 0 dB.

B. THA and Data Tree Measurement Results

All measurements on the breakout are done single-ended and

using wafer probing. The measured and post-extraction simu-

lated small-signal characteristics of the TIA, THA and the data

tree are shown in Fig. 7. The BiCMOS output driver used to

drive off-chip 50 loads has a simulated loss of 6 dB. The

combination of the TIA, THA and the data tree has a 3 dB

bandwidth of 16 GHz. The TIA input return loss is better than

10 dB up to 20 GHz. Although a similar THA in the same tech-

nology demonstrated a bandwidth exceeding 40 GHz [14], the

bandwidth of this design is limited by the many buffer stages

required to drive the capacitive load of the comparator bank.

While each buffer stage has a bandwidth of 45 GHz on its own,

cascading four of them along with the THA and TIA greatly

reduces the overall bandwidth down to 16 GHz. Fig. 8 shows

the measured time domain outputs of the breakout for input fre-

quency GHz and clock frequency GHz

without [Fig. 8(a)] and with [Fig. 8(b)] the THA enabled. It can

be observed that the hold mode behavior of the THA has nearly

disappeared in Fig. 8(b) due to the insufficient bandwidth of the

data tree.

A significant disadvantage of enabling the switched emitter-

follower (SEF) THA is that it introduces nonlinearities which

can actually degrade the SNDR of the ADC. Two major sources

of this are the nonlinear modulation of the base-emitter junc-

tion voltage of the SEF during the charging and discharging

of the hold capacitance [14], and the mixing of the harmonics

of the input signal with the clock signal which folds the har-

monics back into the Nyquist bandwidth of the converter. Fig. 9

shows the measured output spectrum of a fabricated breakout,

with and without the THA activated. To disable the THA, it is

switched to track-mode only. In the case where the THA is dis-

abled [Fig. 9(a)], the second and third harmonics at the output

are mostly due to the nonlinearities of the TIA. However, once

the THA is activated [Fig. 9(b)], mixed products of the input

signal harmonics, as well as the clock feed-through signal, are

present at the output. The third order harmonic also increases

in magnitude. Depending on the resolution of the ADC and the

severity of the clock jitter and skew, the benefit of a THA can

outweigh the nonlinearities introduced by it. However, in the

case where the data distribution bandwidth is insufficient for

proper operation of the THA, it is better to omit the implemen-

tation of the THA altogether. In this work, since the data tree

bandwidth is insufficient for proper operation of the THA at the

targeted clock frequencies, minimizing clock and data skew is

of great importance. This criterion was strictly observed by de-

signing symmetric and well-matched clock and data distribution

trees.

III. THE 4-bit FLASH ADC-DAC CHAIN

The fabricated ADC uses the same TIA and BiCMOS data

tree as the breakout and merges the buffer and THA. The block

diagram of the implemented ADC-DAC chain is shown in

Fig. 10. The data tree of BiCMOS cascode buffers distributes

the THA output to the entire comparator bank. Each of the 15

comparators, required for 4-bit operation, consists of an offset

amplifier, a high gain preamplifier, a flip-flop and a differential

pair. A 16th dummy comparator is also employed to maintain

the symmetry of the data tree and provide a single thermometer

code output off-chip for testing. The comparator bank produces

a 15-level thermometer code. For testing, a 15-level ther-

mometer code DAC has been implemented on chip. No decoder

logic or bubble correction circuitry has been implemented. The

clock tree comprises 17 series-shunt inductively peaked bipolar
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Fig. 7. Small-signal characteristics of the fabricated breakout. Measured single-ended s-parameters and simulated single-ended gain of the TIA, THA, data tree
and overall s-parameters of the breakout after extraction are shown. The combination of the TIA, THA and the data tree has a measured small-signal 3 dB bandwidth
of 16 GHz.

Fig. 8. Measured output of the fabricated breakout: (a) THA OFF; (b) THA
ON. Due to the limited data tree bandwidth, the hold mode behavior of the THA
amplifier is nearly eliminated.

differential pairs with a fan-out of two per stage; the final stages

drive four latches each. A separate clock path drives the THA.

A two-stage tuneable delay cell has been implemented on chip

to align the THA clock with the comparator clock. The active

delay cells consist of phase interpolating blocks between fast

Fig. 9. Measured spectra of the breakout output showing the nonlinearity im-
pact of the THA: (a) THA disabled; (b) THA enabled showing intermodulation
products of the input and clock signals in the output spectrum.

and slow paths [15]. The THA can be disabled by forcing it

into track mode only via external controls.

A. ADC-DAC Circuit Descriptions

1) Merged BiCMOS Cascode and THA: In the design of the

ADC, a MOS-HBT BiCMOS cascode buffer is merged with the

switched emitter-follower THA as shown in the schematics on
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Fig. 10. Block diagram of the implemented 35-GS/s, 4-bit, Flash ADC-DAC. The ADC uses data and clock distribution to drive the comparator bank.

Fig. 11. Schematic of the merged MOS-HBT BiCMOS cascode and THA. The total capacitance at node (a) is reduced by connecting the collector of transistor
� to the low impedance cascode node (b) instead.

Fig. 11. The tail current of the THA is 6 mA per side. Com-

pared with [14], the total capacitance at node (A) is reduced by

connecting the collector of transistor to the low impedance

cascode node (B) instead. This approach eliminates the need for

level shifting diodes, and further isolates the hold capacitor, ,

from the clock signal.

2) Comparator Design: Offset currents were used in this

design to establish the quantization levels without a resistor
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Fig. 12. Schematic of MOS-HBT BiCMOS cascode offset amplifier. The offset currents are drawn from the low impedance cascode nodes to mitigate their impact
on bandwidth.

ladder [6]. Each of the comparators is preceded by a differ-

ential BiCMOS cascode offset amplifier illustrated in Fig. 12.

The unit quantization current in this design is 120 A, which

in combination with the 170 load resistors, produces a differ-

ential quantization level of 40.8 mV at the inputs of the com-

parators. Furthermore, since the simulated gain of the data tree

is 0 dB, one LSB referred back to the input of the data tree

is also 40.8 mV. The offset currents are drawn from the low

impedance cascode nodes, (A) and (B), to mitigate their im-

pact on bandwidth. In order to maintain equal delay, the total

capacitance at nodes (A) and (B) is kept constant for all com-

parators. This is accomplished by adding dummy “off” current

sources where needed. Offset mismatches introduced by the

data tree also present themselves at the output of this block.

These types of mismatches may be corrected by calibration of

the offset currents. Similarly, data tree gain variations may also

be corrected through this type of calibration. However, in this

design, due to the large quantization levels and the low data

tree gain, no calibration technique has been deemed necessary.

Fully bipolar cascode pre-amplifiers with 15 dB of differential

gain and 25 GHz bandwidth follow the BiCMOS offset am-

plifiers. The comparator’s metastability window, which refers

to the smallest input voltage required to switch a comparator’s

state, is reduced by the addition of these pre-amplifiers. The

preamplifiers also isolate the offset stages from flip-flop kick-

back. Each flip-flop has two latches with 4 mA tail current and

emitter-followers both on the clock and data paths. Inverting

stages with 4 mA tail current follow every flip-flop to eliminate

the latch induced clock feedthrough and drive the DAC. The

combination of the pre-amplifier and flip-flop has a simulated

metastability window of better than 20 mV at 35 Gbps.

3) Thermometer Code DAC: The comparator bank produces

a 15-level thermometer code. In implementations where ther-

mometer-to-binary conversion is required, bubble error removal

can be applied in the form of three-input NAND gates at the

cost of increased power consumption [16]. Another method to

remove bubble errors that does not increase the power consump-

tion is by adding extra “voting” transistors to the latches as pro-

posed by [17]. However, in this approach the added capacitive

loading in the latches may reduce the maximum conversion fre-

quency.

For testing purposes, a 15-level thermometer code DAC has

been implemented on this chip. Its schematic is reproduced in

Fig. 13. It consists of a differential, double bipolar cascode. Each

thermometer code bit drives one CML inverter with a tail of cur-

rent of 4 mA. The output currents of these CML inverters are

summed in the first cascode nodes in groups of four. The re-

maining four output currents are summed in the second cascode

nodes in pairs. Finally the remaining two output currents are

summed at the on-chip 50 resistors. Simulations have shown

that, in this technology and with this DAC topology, buffers

smaller than 4 mA do not have sufficient bandwidth to operate at

35 Gbps. Each thermometer code produces a differential swing

of 200 mV for a total differential output swing of 3 V . The

emitter-followers driving the inverting stages of the DAC op-

erate from 3.3 V while the double cascodes require a 5 V power

supply (Fig. 13).

4) Clock Distribution Network: The challenging task of dis-

tributing the 35 GHz clock to 32 latches (16 master–slave com-

parators) is accomplished by a fully bipolar clock distribution

tree. The tree consists of series-shunt inductively peaked stages

with a fan-out of two per stage; the final stages drive four latches
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Fig. 13. Schematic of the implemented 15-level thermometer code DAC. Thermometer code inputs (D0–D15) are summed together at different nodes of the
double cascode DAC.

Fig. 14. Chip micrograph of the ADC-DAC, die area is ���� ��� mm .

each. Each stage has an 8 mA tail current with 500 mV of dif-

ferential output swing. A separate clock path drives the THA. A

two-stage tuneable delay cell is also implemented on chip [15].

It is used to align the clock and data signals and consists of phase

interpolating blocks between fast and slow paths.

Fig. 15. Measured ADC INL and DNL with a 35-GHz clock frequency.

B. ADC-DAC Measurement Results

The ADC-DAC chain has been implemented in Jazz Semi-

conductor’s SBC18HX, 0.18 m SiGe BiCMOS HBT tech-

nology. The process offers an of 160 GHz/50 GHz for bipolar

and nMOS devices respectively. The ADC operates from a 3.3 V

supply while the DAC requires a 5 V supply. The chip occupies
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TABLE I
PERFORMANCE SUMMARY AND COMPARISON TABLE

Measured at 2 GS/s.

Measured at 20 GS/s and 10 GHz input. Includes the on-chip decoder power.

Fig. 16. Measured ENOB and SFDR versus input frequency for a 35-GHz
clock frequency. The THA degrades the performance of the ADC for input fre-
quencies above 8 GHz.

an area of 2.5 mm 3.2 mm and the ADC-DAC chain con-

sumes a total of 5 W (4.5 W for the ADC). The data and clock

tree require 0.65 W and 1 W respectively. The comparator bank

consumes 2.4 W while the TIA and THA amplifier use a total

of 0.23 W. The adjustable delay cells and biasing circuitry need

a total of 0.22 W. Fig. 14 shows the chip micrograph.

The INL and DNL were measured differentially by applying a

full scale DC sweep at the input and capturing the DAC outputs

while clocking the ADC at 35 GHz. Fig. 15 shows that the INL

and DNL of the ADC are below 0.5 LSB for all analog input

levels. The measured INL and DNL of the DAC are better than

0.1 LSB for all digital codes.

All dynamic measurements are performed singled-ended by

wafer probing only one of the differential pair outputs. The ADC

Fig. 17. Output spectrum of a 7.98 GHz input signal sampled at 35 GHz after
corrections. The THA is disabled.

was tested with the same input signal power for all input fre-

quencies. After accounting for the sin(x)/x DAC roll-off and

high frequency losses in the wafer probes and cables, the SFDR

and ENOB of the ADC are plotted in Fig. 16 for both THA op-

eration modes. At low frequencies the ENOB is 3.7 bits (24 dB

SNDR). Fig. 17 shows a sample output spectrum of a 7.98 GHz

input signal with the THA disabled. The effective resolution

bandwidth is about 8 GHz irrespective whether the THA is en-

abled or not. However, beyond 8 GHz the SFDR and ENOB

degrade more rapidly with the THA activated. This is the result

of the input signal harmonics mixing with the clock signal and

showing up at low frequencies, within the bandwidth of the data

tree. The third-order harmonics of the input signal is also de-

graded due to the SEF THA nonlinearities. Therefore, the THA

actually degrades the performance of this ADC. In this design,
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with 4 bits of precision, careful layout is sufficient to prevent

skew from becoming a performance limitation. Table I presents

a performance summary and comparison table.

IV. CONCLUSION

A 4-bit, 35-GS/s flash ADC-DAC chain was demonstrated

in this paper. The ADC uses active clock and data trees to dis-

tribute the input and the clock to the comparators. Because both

clock and data are symmetrically distributed, this implementa-

tion minimizes timing skew achieving 3.7 ENOB with 8 GHz ef-

fective resolution bandwidth and 3 ENOB up to 11 GHz without

the full-rate THA.
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