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Abstract — This paper presents design steps of a 6-bit two-
channel time-interleaved (TI) ADC in 0.25pm Si-Ge HBT
BiCMOS technology. Two 6-bit flash ADC cores are used in both
time-interleaved channels. In digital parts of the design, standard
CMOS logic gates are preferred since a low power consumption
value is one of the main targets of this work. Transistor sizes are
selected carefully to be able to obtain as high as possible speed
performance, which is another main goal of this study. The main
core design blocks of the complete TI ADC are sample/hold circuit,
6-Bit Flash ADC, a 6-bit 2x1 digital multiplexer, and a control
pulse generator. BiCMOS analog comparator architecture is
preferred in the analog part of flash ADC since BiCMOS
technology combines the advantages of CMOS and Bipolar
technologies. The power consumption value is 653 mW under a
single DC power supply voltage of 3.3V. The simulation results
include 7Gs/s sampling rate, 0,174 LSB of INL and 0,113 LSB of
DNL values. The simulation results are compared to similar works
in the literature. For the time being, the complete design is realized
using Cadence IC design platform in schematic level only.
However, the physical layout design and post-layout simulation
steps are ongoing research of us.
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I. INTRODUCTION

N recent years, high speed and low power analog-to-digital

converters (ADC) have important role in new generation
signal processing and communication systems. There are
several different types of ADC architectures in the literature,
depending on the type of application. Typically, the serial ones
have very high resolution, yielding higher accuracy whereas
parallel ones operate at very high frequencies but have
relatively low resolution. The flash ADC architecture is known
as the fastest one among high speed ADCs since the conversion
speed is only one clock cycle.

In the last decade, however, popular ADC architectures to
satisfy the requirements of new generation RF communication
systems are pipeline and time interleaved (TI) type of ADCs.
The performance of TI-ADC is affected by mismatches among
the interleaves, especially the mismatches of sampling time,
gain and offset [1]. On the other hand, pipeline ADCs require
calibration and correction logic additionally. To obtain desired
resolution and accuracy levels are tedious work. Therefore,
timing of controlling clock pulses for more than two pipelining
stages are very critical for pipeline ADC case. For this reason,
TI -ADC architecture is chosen in this study.

TI-ADC is used to increase the sampling rate of a specific

core ADC, which is either Flash or SAR architecture in general.
If the speed is the major concern, then Flash ADC core is
inevitable as explained above. A traditional TI ADC
architecture consists of N number of Sample and Hold (S/H)
circuits, N number of core ADCs, a digital multiplexer and a
digital pulse generator to produce the critical timing clock
signals as shown in Figure 1. Here, N indicates the number of
interleaving channels.
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Figure 1: Block diagram of N—channel TI ADC

The sampling clock phases of each ADC cores are very
important in TI-ADCs as mentioned above. The sampling rate
of a TI ADC is given by Fs=N/T, where N is the humber of
channels and T is the minimum sampling period of a single
ADC core. For instance, if four-channel TI_ADC is designed,
and maximum sampling rate of each core ADC is assumed as
2Gs/s, then the final TI-ADC is supposed to have a sampling
rate of 8GS/s. Timing diagram of an N channel TI-ADC is
depicted in Figure 2 [2].
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Figure 2: Timing diagram of N—channel TI ADC

The S/H circuits in TI ADC architecture are used to create an
analog de-multiplexer circuit, which decides which ADC
channel will work in which timing interval. Because the analog
input signal is only one signal. The binary converted digital
output data for a quantized input level is obtained from the core
ADC outputs. Then, each ADC channel output is connected to



a specific digital multiplexer input. The resolution of the
multiplexer inputs and the core ADCs are the same. The control
pulse generator produces the sampling clock pulses at the input
and the select control pulses of the digital multiplexer. The
multiplexer is responsible for transferring the binary outputs of
ADC cores in correct order to the final digital output port [3].
The timing and the synchronization issue of this operation is the
most critical and difficult part of a TI-ADC design in general.
In this study, a BICMOS comparator based 6-bit Flash ADC
core is decided for each channel to design a 6-bit TI-ADC in
250 nm BiCMOS technology using Cadence IC Design tools.

The rest of the paper is organized as follows: Section Il
describes all design steps of the proposed BiCMOS TI ADC.
The circuit schematics of all design blocks are shown and
explained in detail. The simulation results are given and
discussed in Section Ill. Finally, Section IV concludes the
study.

Il.  DESIGN STEPS OF THE PROPOSED TIME INTERLEAVED
ADC

The proposed TI-ADC consists of the following core designs:
S/H circuit, 6-bit Flash ADC, 2x1 multiplexer having 6-bit
inputs and pulse generator. The following sub-sections describe
them in detail.

A. The Sample and Hold Circuit

In this study, a simple CMOS analog switch with a hold
capacitor at the output is used as a S/H circuit core as shown
in Figure 3. The S/H circuit affects the speed performance
and the accuracy of a TI-ADC. In fact, very high
performance BiCMOS S/H circuits are available in the
literature. However, the design of them is not an easy task.
S/H circuit is responsible for sampling the analog input signal
at a specific time and holding the corresponding input voltage
level across the hold capacitor at the output. There are two
S/H circuits in this work since the number of channel is
chosen as two.
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Figure 3: The sample and hold circuit

B. The Flash ADC Core

Full-flash ADC works in fully parallel fashion which makes
it the fastest one among other ADCs. It consists of two main
blocks as the analog part and the digital part. The analog part
consists of a resistor array to produce quantization voltage
levels for comparison purpose at the comparator array inputs,

and comparator array. In this study, 6-bit resolution is aimed.
Therefore, 64 number of resistors and 63 number of BICMOS
comparators form the analog part of the Flash ADC core of the
proposed TI-ADC. The block diagram of the flash ADC core
is shown in Figure 4.
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Figure 4: The Flash ADC block diagram

a) The BICMOS Comparator Circuit

The comparators are the most important parts of Flash ADC
architectures since their throughput and power consumption
values are almost entirely depend on the comparator
performance. In this study, a silicon-Germanium (Si-Ge)
technology is chosen for its speed advantage over fully silicon
CMOS circuits.
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Figure 5: (a) The BICMOS comparator (b) The BICMOS comparator
array

The BiCMOS comparator schematic used in this work is
shown in Figure 5(a). This circuit is called as dynamic latch



comparator with push-pull output stage in [4]. However,
optimum device sizes are reached after several transient
simulations to obtain a higher speed and gain. The power supply
voltage is a single 1.5 V. The complete comparator array
structure is depicted in Figure 5(b).

The DC voltage transfer characteristic and transient analysis
result are shown in Figure 6(a) and 6(b), respectively. The
transient results and DC results of the complete analog part are
also depicted in Figure 7(a) and Figure 7(b), respectively. As
can be seen, 63 of transition levels are obtained almost with
same distances in between.

()
Figure 6: (a) DC simulation result of the BICMOS comparator (b)
Transient simulation result

i W

ﬂﬂ IN Illhml .

\» u

(b)
Figure 7: (a) Transient results of the complete comparator array
(b) DC analysis results

b) The Dynamic Latch Circuit

The dynamic latch array is the first stage of digital part of
Flash ADC. It keeps the logic output of the comparator array
outputs (namely thermometer code) for a while to relax the rest
part of the digital part until the final binary output is obtained.
Since the analog input signal is continuous, the digital code
belongs to an instantaneous input voltage can never be obtained
at the same time due to the propagation delay of the digital part.
Therefore, a dynamic latch circuit is necessary for ADC designs
in general. The thermometer code is kept during the controlling
CLK is logic “0”. The period of the latch clock pulse defines
the digital sampling rate of the Flash ADC. The circuit
schematic of the dynamic CMOS inverter is shown in Figure 8
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Figure 8: The dynamic latch circuit schematic

c) The 1-of-N Decoder Block

The thermometer code is converted to so-called 1-of-N
code, which is necessary for the final stage, PLA-ROM
circuit. The outputs of the 1-of-N decoder block shown in
Figure 9 include only one logic “1”, but the rest is all logic
“0”. This array block has a unit cell realizing F= AB function
as shown in Figure 9(a).
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Figure 9: (a) AB logic circuit (b) 1-of-N decoder block



d) PLA-ROM Circuit

The PLA-ROM circuit shown in Figure 10 is responsible
for converting 1-of-N code to n-bit binary code. The final 6-bit
binary output data of the Flash ADC is obtained at the outputs
of this circuit. The basic cell of this structure is a PMOS load
inverter. There are 6 columns and 63 rows here. NMOS
transistors on each row are arranged according to the
corresponding digital output code. The CMOS inverters at the
output are used not only for logic inversion but also for gain
boosting and buffering purposes. The complete schematic of the
Flash ADC core is shown in Figure 11 after realizing each sub-
blocks.
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Figure 11: The complete Flash ADC schematic

C. The 2x1 Multiplexer Circuit

There are six 1-bit 2x1 CMOS multiplexers used in this
block. The schematic of each 1-bit 2x1 multiplexer unit is
shown in Figure 12 [6]. Timing of the select terminal of this
multiplexer block is very important for a proper operation. The
digital multiplexer block of the complete T1 -DC must work at
faster speed than that of each Flash ADC core. The control
pulse generator circuit produces the system clock pulses, and
coordinates the all critical timing and synchronization process.

Figure 12: The multiplexer circuit [6]

D. Pulse Generator

The sampling control pulses of the analog de-multiplexer
unit, the latch clock signals and select control pulse of the
digital multiplexer are generated by this unit. The schematic
of the pulse generator shown in Figure 13 is chosen from the
literature [7], and the transistor aspect ratios are modified
inside it. The speed performance of this circuit must be
satisfying. Although the circuit schematic is simple, to obtain
non-overlapping clock pulses with critical time delays is a
tedious work. If the number of channels are increased, then
this task become more difficult. There are four and even 8
channel TI-ADC examples can be found in the literature.
Therefore, controlling pulse generation schemes are different
in general. After all sub-blocks of the TI-ADC are finished,
they are integrated carefully to realize the complete TI-ADC.
The complete schematic of the 6-bit two-channel BICMOS
Flash ADC is depicted in Figure 14.
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Figure 13: The pulse generator circuit [7]
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Figure 14: The schematic of 6-bit 2-channel BiICMOS Tl ADC

I1l. SIMULATION RESULTS

measures are below 0.5 LSB, a monotonic converter operation
is obtained. The design summary and a performance
comparison is done in Table 1.
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Figure 17: (a) INL Plot ,(b) DNL Plot

Table 1: Performance summary and comparison of the proposed

Schematics and simulations of the design are conducted using - TI-ADC
0.25um Si-Ge HBT BICMOS process parameters in Cadence Eara}memrs ghz'ss work 52; : ([)82 : ([)9]1 3
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Figure 16: Transient results of the 6-bit 2-channel TI ADC

Figure 17 (a) and (b) shows the INL and DNL plots,
respectively. The worst case INL value is 0.174 LSB, while
DNL value is -0.113 LSB. Since all of the non-linearity

IV. CONCLUSIONS AND FUTURE WORKS

In conclusion, a 6-bit TI-ADC was realized in 250nm Si-Ge
HBT BiCMOS technology. A BiCMOS Flash ADC core was
chosen in each interleaving channel. Cadence IC design
platform was used during design and simulation processes. The



simulation results include 633,4 mW of ac power at 7GS/s
operation under 3.3V power supply voltage, 0.74 LSB of INL,
-0.113 LSB of DNL. When compared to other similar designs
in the literature, this work is better in terms of linearity
measures. The power consumption is lower than that of [9], but
higher than others due to relatively higher supply voltage and
Si-Ge HBT usage in the analog part. The sampling rate is lower
than others since the number of channel is only two. As a future
work, more ac performance measures will be obtained such as
SNR and ENOB values. Also, post layout simulations will be
conducted after completing the physical layout of the design.
Moreover, the number of channel can be increased to four to
obtain a higher sampling rate, which will require design of a
new pulse generator circuit. In fact, this task requires a very
high performance S/H or track and hold (T/H) amplifier circuit
designs such as in [10]. Also, it is believed that more HBT usage
in other sub-blocks as well in addition to the comparator circuit
will increase the speed performance. It should be noted here that
this work was the first attempt of an ADC design using Si-Ge
BiCMOS technology of our VVLSI research team.
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