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Abstract: This paper presents a 10-bit 10 MS/s Time-Interleaved Flash-SAR ADC with a shared 
Multiplying DAC. Using shared MDAC, the total capacitance in the SAR ADC decreased by 
93.75%. The proposed ADC consumed 2.28mW under a 1.2V supply and achieved 9.679 bit 
ENOB performance. The ADC was implemented in 0.13mm CMOS technology. The chip area was 
760 ´  280 mm2.     
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1. Introduction 

Among the many types of ADCs (Analog to Digital 
Converters), the SAR ADC is used widely because of its 
advantages of low power consumption and simplicity. 
However, an exponential increase in the capacitance with 
increasing resolution restricts the use of applications 
requiring high conversion speeds. 

On the other hand, Flash ADC, having the highest 
conversion speed in many types of ADC, has great power 
consumption and chip area. Therefore, flash ADC is 
limited under 8 bit resolution. 

Pipeline ADC can be a good alternative to use a fast 
conversion speed in a small area. However, because the 
op-amp based MDAC should be used at each stage, it 
requires a relatively large current. 

Therefore, there has been some research on Time-
Interleaving ADC, such as : Flash-SAR ADC [1, 2], 
pipelined-SAR ADC [3]. 

This paper presents a 10-bit 10MS/s Time-Interleaved 
Flash-SAR ADC architecture with the fast speed of a flash 
ADC and the low power of a SAR ADC. In addition, a 
Sharable Multiplying-DAC was added to remove the 
unnecessary increase in capacitance. 

The remainder of this paper is organized as follows. 
Section 2 presents the architecture of the proposed Time-
Interleaved Flash-SAR ADC. Section 3 presents a detailed 
description of the proposed building blocks. Section 4 

shows the experimental results. The conclusions are 
reported in Section 5. 

2. Time-Interleaved Flash-SAR ADC 
Architecture 

Fig. 1(a) shows a conceptual block diagram of Flash-
SAR ADC. In the Flash-SAR ADC architecture, the front-
end flash ADC receives an analog input signal (VIN) and 
decides the MSBs. Using these bits, MDAC conducts a 
residue process to make the input of the back-end SAR 
ADC. Finally, the remaining LSBs are achieved in SAR 
ADC. 

Fig. 1(b) shows the operation of the ADC. Note that 
because MDACOUT is amplified by a factor of 4 (in this 
example), the resolution of back-end SAR ADC can be 
decreased. 

As shown in Fig. 1(c), the flash ADC uses only 1 clock 
cycle for its MSBs conversion and the SAR ADC can start 
its operation. Therefore, if only 1 channel SAR ADC is 
used, the front-end flash ADC does not work during the 
SAR ADC’s successive process period. 

Using a multi-channel SAR ADC with the time-
interleaving method, the idle time of flash ADC can be 
removed and at every clock cycle, a new analog input 
(VIN) can be processed in the flash ADC. 
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On the other hand, using a multi-channel SAR ADC 
makes the architecture too bulky. Fig. 2(a) shows the 10-
bit Time-Interleaved flash-SAR ADC combined 4-bit flash 
ADC with a 6 channel 10-bit SAR ADC using 
thermometer code.  

Although this architecture has the advantage of a faster 
conversion speed than the conventional SAR ADC, the 
total capacitance, dominant area of SAR ADC, increases 6 
times compared to the conventional 10-bit SAR ADC. 

On the other hand, the proposed 10-bit Time-
Interleaved Flash SAR ADC has a sharable MDAC 
between 4-bit Flash ADC and 6-bit SAR ADC. By 
implementing the sharable MDAC, a 24-1 bit thermometer 
CDAC in the fine SAR ADC can be removed so that the 
size of the ADC can be decreased dramatically. 

Table 1 lists the comparison results of the total 
capacitance of each ADC type. Compared to the 
conventional 10-bit flash-SAR ADC using the Thermometer 
CDAC [1, 2], the proposed flash-SAR ADC in this paper 
can reduce the total capacitance 24 times, which leads 

directly to the reduction of the total size of the circuit. 
Moreover, to minimize the area and current 

consumption of the SAR ADC in each channel, a Dual-
Sampling SAR ADC structure was adopted and Adaptive 
Power Control (APC) mode was added to the comparator 
of the SAR ADC. 

Fig. 3 shows the timing diagram of the proposed 10-bit 
10MS/s Time-Interleaved Flash-SAR ADC. 

At a sample rate of 10MS/s, the duties of the Clock and 
Start of Conversion (SOC) signal were 50% and 25%, 
respectively, and the sampling frequency was 10MHz. 
When the SOC signal was high, the Sample & Hold circuit 
in the ADC samples the analog input signal VIN. On the 
other hand, when the SOC signal is low, the Sample & 
Hold circuit maintains the sampled signal VIN, and the 
Flash ADC and MDAC process the sampled signal VIN. 

 
(a) 

 

 
(b) 

 

 
(c) 

Fig. 1. (a) Conceptual Block Diagram of the Flash-SAR 
ADC (5-bit example), (b) Operation of the Flash-SAR 
ADC, (c) Timing diagram of Flash-SAR ADC. 

 

 
(a) 

 

 
(b) 

Fig. 2. (a) Block diagram of the Time-Interleaved Flash-
SAR ADC architecture using a thermometer CDAC, (b) 
Block diagram of the proposed Time-Interleaved Flash-
SAR ADC Block Diagram. 

 
Table 1. Total Capacitance of each ADC Type (@ 10 
bit). 

Type of ADC Total Capacitance 
10 Bit SAR ADC 210 C 

10 Bit Flash SAR ADC 
(4b flash + 6*10b SAR) 

(Thermometer CDAC) [1, 2] 
210 C × 6 

10 Bit Flash SAR ADC 
(4b flash + 6*6b SAR) 

(Proposed) 
26 C × 6 
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The front-end flash ADC decides 4-bit MSBs then 
these bits control the MDAC for the residue process. After 
the residue process, the back-end 6-bit SAR ADC can use 
the output voltage of the MDAC as the input voltage. Note 
that when the SAR ADC starts its MSB decision process 
using the previous one, the flash ADC samples the new 
input voltage simultaneously. 

In this architecture, a 7 clock cycle latency exists. 
Therefore, the output code of flash ADC should maintain 
its value 6 clock cycles and merge the back-end SAR ADC 
output code. Therefore, flip-flops are designed as an output 
merge block. These flip-flops use the EOC (end of 
conversion) signal of each channel for triggering. 

3. Building Blocks 

To reduce the chip area, the dual-sampling SAR ADC 
structure was implemented [4]. Fig. 4 shows a block 
diagram of the implemented SAR ADC. In general, a 6-bit 
SAR ADC requires 26 C for its binary searching algorithm. 
On the other hand, in this architecture, using a single 
sampling capacitor on the opposite side of CDAC, the total 
capacitance of SAR ADC is reduced to almost a half. 
Therefore, the area of 6-channel SAR ADC can be 
decreased. 

In ADC, a comparator is one of the most important 
blocks because it greatly affects the accuracy and power 
consumption of ADC. Fig. 5 presents a schematic diagram 
of the comparator [5]. This is a combined structure of a 
preamplifier stage and dynamic latch stage. The use of a 
pre-amplifier at the input stage can reduce the effect of 
kickback noise. In addition, using the Adaptive Power 
Control (APC) function, the unnecessary power 
consumption can be reduced. 

In this paper, a sharable MDAC was implemented to 
reduce the total capacitance in SAR ADC. 

 

Fig. 3. Timing diagram of the proposed 10 bit 10MS/s Time Interleaved Flash-SAR ADC. 

 

 

Fig. 4. Block Diagram of 6-bit SAR ADC. 
 

 

Fig. 5. Schematic of the Comparator in SAR ADC. 
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Fig. 6(a) describes the residue process in MDAC. After 
flash ADC decides the 4-bit MSB codes, these codes can 
be used in MDAC. Using these MSBs, the coefficient k is 
decided from 0 to 15/16, and calculated with an analog 
input VIN. Finally, by multiplying residue value by 24, the 
output of the MDAC is generated as follows: 

 
 ( )4

OUT INMDAC = − ⋅         (1) 
 
After the MDACOUT is made, it is delivered to the input 

of the 6 channel SAR ADC and used to determine the 
remaining LSB 6-bits. 

4. Experimental Results 

The proposed ADC designed with a 0.13 μm CMOS 
occupies 760 × 280 ㎛2 (Fig. 7).  The size of the flash 
ADC, MDAC and SAR ADC is 170 × 280 ㎛2, 180 × 280 
㎛2 and 370 × 280 ㎛2, respectively. 

Fig. 8(a) shows the simulation results of the differential 
nonlinearity (DNL) and integral nonlinearity (INL). The 
peak DNL and INL were -1.000/0.998 LSB and -
0.955/0.937 LSB, respectively. Fig. 8(b) shows the FFT 

spectrum at a 10-MS/s sampling rate. The result of SNDR 
is 60.025 dB. The resulting ENOB is 9.679 bits. At a 1.2 V 
supply voltage, the proposed ADC consumes 2.28 mW. 
The figure-of-merit of the ADC was calculated using the 
following equation. 

 

 ENOB
s

PowerFOM
2 f

=
×

               (2) 

 
The FOM of the proposed Time-Interleaved Flash-SAR 

ADC is a 278.14fJ/conversion-step. 

5. Conclusion 

A Time-Interleaved Flash SAR ADC using a sharable 
MDAC was presented. The proposed ADC architecture 
can lead to a faster conversion speed than the conventional 
SAR ADC and a smaller total capacitance than the other 
Time-Interleaving ADC architecture.  

The proposed ADC achieves a 10MS/s operation speed 
with a power consumption of 2.28mW. In addition. it has a 
FOM of 278.14 fJ/conversion-step and occupies an active 
area of only 0.21 mm2. 

 
(a) 

 

 
(b) 

Fig. 6. (a) Residue Process in the MDAC, (b) Schematic
diagram of the MDAC. 

 

Fig. 7. Layout of the proposed architecture. 

 

(a) 
 

(b) 

Fig. 8. (a) INL/DNL Results, (b) SNDR / ENOB Results.
 

Table 2. Performance Summary. 

Process 0.13 um 
Supply 1.2 V 

Resolution 10 bits 
Sampling rate 10 MS/s 

Power 2.28 mW 
DNL -1.000 ~ 0.998 LSB 
INL -0.955 ~ 0.937 LSB 

SNDR 60.025 dB 
ENOB 9.679 bits 

Core area 0.21 mm2 
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