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ABSTRACT 

In this paper, we present a simplified method to 

construct a half-flash analog-to-digital converter (ADC) to 

achieve less die area consumption compared to the 

conventional half-flash ADC.  Although the die area 

consumption is reduced but the conversion speed can still 

be maintained about the same as the conventional half-flash 

ADC.  The simplified half-flash ADC performs two full-

flash cycles as the conventional type but with the help of a 

voltage estimator (VE), the number of comparators used 

can be reduced up to 80 percent for 8-bit resolution ADC 

and more than 80 percent for higher resolution.  This is 

because the VE can predict roughly the range where the 

input voltage, Vin resides on the resistor ladder and 

comparators are only placed at the predicted range.  The 

major reduction in comparators count is the main factor that 

enables us to achieve less die area consumption. 

Keywords: analog-to-digital converter, half-flash, CMOS, 

simplified method, voltage estimator. 

1 INTRODUCTION

In very high-speed applications, flash type of analog-to-

digital converter (ADC) is still the ideal option, but the 

large die area consumption makes it too expensive for many 

systems.  In order to address this issue, half-flash ADC has 

been introduced, which has two conversion cycles instead 

of a single conversion cycle as the conventional full-flash 

ADC, but with much less die area consumption.  The 

conversion speed is reduced by at least a factor of two 

compared to the full-flash ADC.  The half-flash architecture 

sacrifices speed for die area. 

As the resolution increases beyond 10 bits, even the 

half-flash ADC runs into limitations of die area 

consumption and thus making this architecture less 

attractive.  A more efficient architecture known as 

multistep-flash ADC has been developed to address this 

limitation [1].  The multistep-flash architecture can save die 

area, while maintaining conversion speed similar to half-

flash ADC, but its operation is more complicated compare 

to the conventional half-flash ADC. 

We use the concept of multistep-flash that enable us to 

eliminate redundant comparators and apply it to the 

conventional half-flash ADC.  By combining the 

advantages of both multistep-flash and half-flash 

architectures, a simpler, similar conversion speed as half-

flash and die size efficient half-flash ADC is successfully 

developed. 

2 COMPARISON 

The basic operations of the four types of flash ADCs, 

full-flash, half-flash, multistep-flash and simplified half-

flash is discussed in this section.  Then, we will make a 

comparison in comparator count needed for each type of 

flash ADCs at various resolutions. 

A full-flash ADC converts analog voltage to digital bits 

in one cycle.  An N-bit full-flash ADC is made up of a 

resistor ladder of 2N equal-value resistors between reference 

voltage, Vref and ground.  Comparators are placed along the 

resistor ladder at each tap point and compare the input 

voltage, Vin to the voltage that is tapped from the resistor 

ladder, Vtap.  The output from the comparators is then 

encoded to digital bits.  The comparator count, Nc for full-

flash ADC is given as: 

12)( N

c NN  (1) 

where Nc is comparator count and N is ADC resolution.  

For an 8-bit full-flash ADC, the comparator count is 255 

The concept of operation for half-flash ADC is similar 

to full-flash except it performs the conversion in two 

cycles.  An N-bit half-flash ADC consists of (2N/2 – 1) MSB 

resistors of value R in series with 2N/2 LSB resistors of 

value R/2N/2.  The MSB resistors divide the reference into 

(2N/2 – 1) equal pieces.  The (2N/2 – 1) comparators perform 

the first flash conversion along these MSB taps.  The output 

is decoded as the first N/2 bits of data and a digital-to-

analog converter (DAC) generates the analog equivalent of 

the N/2 bits of data.  This analog equivalent is subtracted 

from Vin. The residual is compared with the lower (2N/2 – 1) 

LSB tap points and decoded to yield the final N/2 bits.  The 

comparator count, Nc of half-flash ADC is given as: 

22)( 1)2/( N

c NN  (2) 

For an 8-bit half-flash ADC, 30 comparators are required. 

Multistep-flash ADC consists of a 2-bit sense amplifier 

voltage estimator (VESA), an (N/2 – 1) bit flash converter, a 

DAC, and a digital correction circuit.  The operation of a 

10-bit multistep ADC [1] begins with the VESA determines 

the range of Vin.  The outputs of the VESA are digitally 
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corrected by the result of the first flash conversion to a 2-bit 

data.  This 2-bit data is combined with the result of the first 

flash conversion to yield the first six MSBs of the final 

output data.  These bits are converted back to analog 

voltage and subtracted from Vin.  The residue is circulated 

back to the 4-bit flash, where the final four bits are 

determined.  The comparator count, Nc for multistep-flash 

is given as [2]: 

1)2/(2)( N

c NN  (3) 

A 10-bit ADC using this architecture needs 16 comparators, 

while for 8-bit resolution, requires eight comparators. 

The simplified half-flash ADC is actually a modified 

version of the conventional half-flash ADC.  The major 

modification that we have done is removing 80 percent of 

the comparators by introducing a voltage estimator (VE) 

which has a similar function as VESA in the multistep-flash 

ADC but with a different architecture.  The detail 

architecture and operation of the simplified half-flash will 

be discussed in Section 3.  From the simplified half-flash 

architecture, we have derived the comparator count, Nc as a 

function of ADC resolution as shown below: 

22)( 2)2/( N

c NN  (4) 

An 8-bit simplified half-flash only needs six comparators.  

This simplified half-flash ADC architecture is suitable for 

8-bit and higher resolution. 

It is interesting to compare the comparators count 

needed for each of the flash-type ADCs, when the 

resolution increases.  Figure 1 shows the plot of comparator 

count versus ADC resolution for full-flash, half-flash, 

multistep-flash and simplified half-flash ADCs.  Simplified 

half-flash requires the least number of comparators 

compared to the other three types of flash ADCs. 
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Figure 1: Plot of Comparator Count versus ADC 

Resolution. 

3 ARCHITECTURE 

An N-bit simplified half-flash ADC consists of six main 

modules.  They are voltage estimator (VE), (N/2)-bit 

modified full-flash ADC (MFFADC), digital-to-analog 

converter (DAC), subtractor, latches and digital switch 

control (DSC).  In this paper, we demonstrate the simplified 

half-flash ADC for an 8-bit resolution.  In actual practice, 

resolution of the simplified half-flash ADC can be 

expanded beyond eight bits with similar reduction in 

comparator count as described in Equation (4).  An 8-bit 

simplified half-flash architecture is shown in Figure 2 
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Figure 2: Simplified Half-flash ADC 

The 8-bit simplified half-flash ADC performs a full 

conversion in two cycles.  In the first cycle, the output 

signal, Out1 from DSC, selects Vin as the inputs to VE and 

the 4-bit MFFADC, and turn on the MSB reference voltage, 

VR(MSB).  VE determines the range of Vin and the output of 

VE is supplied to a 4-bit MFFADC to choose the correct 

range of Vin.  Then, the 4-bit MFFADC converts the analog 

signal, Vin. to the first four digital MSB bits.  The 4-bit data 

is stored in latches as the first four MSB bits and also input 

to a DAC.  The DAC then converts the 4-bit digital data 

back into analog voltage, which is controlled by Out2 

signal from DSC.  The analog voltage is then subtracted 

from the Vin and the residue is circulated back to the 

simplified half-flash ADC. 

The second conversion cycle begins when Out1 signal 

switches the reference voltage to LSB reference voltage 

VR(LSB) and selects the residue of the subtraction as the 

inputs to VE and the 4-bit MFFADC where the final four 

LSB bits are determined.  Out2 and Out3 signals from the 

DSC, control the storage of digital bits in the latches from 

the first and second conversion cycles.  Finally, the 8-bit 

data is available at the output of the latches. 

The two main modules that make the simplified half-

flash ADC more efficient than the conventional half-flash 
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ADC are VE and (N/2)-bit MFFADC.  In the following 

sub-sections, we will discuss these two modules in detail. 

3.1 Voltage Estimator 

The function of VE is to determine the range of the 

input voltage, Vin.  The most important requirement for the 

VE is speed.  In order to achieve this without significantly 

increasing the die size, a 2-bit full-flash converter is used as 

the VE, making it non-critical and fast.  The 2-bit resolution 

is chosen for the VE because higher resolution will increase 

settling time [3]. 

The architecture of the VE is shown in Figure 3.  The 

VE consists of a thermometer encoder, three comparators, 

and a resistor ladder with tap points at 

reftap VrrV 4/)(  (5) 

where (r = 1, 2, 3).  Each of these tap points is tied to a 

comparator.  The comparator compares Vin to the voltage 

that is tapped from the resistor ladder, Vtap(r) and at the 

same time Vin is sampled at the input of the 4-bit 

MFFADC.  Since both the operations are done in parallel to 

the acquisition of Vin, no extra time is required for the VE 

step, making this architecture as fast as the half-flash ADC. 

VE determines one of the four ranges where Vin resides.  

These four ranges are given by: 

refinref VpVVp 4/4/1  (6) 

where (p = 1, 2, 3, 4).  For example, when p = 1, the range 

of Vin is [0 < Vin < (1/4.Vref)] and when p = 4, the range of 

Vin is (3/4.Vref) < Vin < Vref.
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Figure 3: Voltage Estimator 

3.2 (N/2)-bit Modified Full-Flash ADC 

For 8-bit resolution, a MFFADC with 4-bit resolution is 

used.  The 4-bit MFFADC has the same function as the 

conventional full-flash ADC, but the number of 

comparators needed is reduced by a factor of four.  This is 

because the comparators are only placed at one of the four 

predicted range for Vin.

The architecture of the 4-bit MFFADC for (N = 8), is 

shown in Figure 4.  The 4-bit MFFADC consists of an 

address decoder, a resistor ladder, analog switches, three 

comparators and a thermometer decoder.  The two input 

bits from VE are used as the first two MSB data bits and 

also decoded by the address decoder to predict the range of 

Vin.  This range of Vin is tied to three comparators by analog 

switches.  Comparators outside this range is not required 

because for flash converter, if a comparator output is “0”, 

then all the comparators above it on the resistor ladder are 

also “0”.  If a comparator output is “1” then all the 

comparators below it will necessary have a “1” output due 

to the monotonic nature of a resistor ladder.  The outputs of 

the comparators are then encoded to yield the other two 

MSB bits.  Finally, all the four MSB data bits are obtained. 
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Figure 4: (N/2)-bit Modified Full-Flash ADC for (N = 8) 

4 RESULTS AND DISCUSSION 

The 8-bit simplified half-flash ADC was implemented 

using Tanner Tools and successfully simulated using 

Silterra 0.18µm Advance Mixed Signal CMOS technology.  

High performance (HP) NMOS and PMOS transistors with 

0.18µm minimum channel length and 1.8V operating 
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voltage, are used in the design.  BSIM3 version 3.2 model 

(Level = 49) is used for the circuit simulation. 

The simulation results show that the conversion time of 

the 8-bit simplified half-flash ADC is 1.8µs and the 

conversion rate is 555 kHz, which is approximately the 

same speed as the conventional half-flash ADC and about 

half of the speed of a full-flash ADC.  The number of 

comparators used can be reduced up to 80 percent for 8-bit 

resolution ADC and more than 80 percent for higher 

resolution in comparison with the conventional half-flash 

ADC.  For 8-bit resolution, the design of the simplified 

half-flash ADC requires approximately 1000 transistors 

whereas for the conventional half-flash ADC, it requires 

approximately 1500 transistors and the full-flash 

architecture requires approximately 3000 transistors.  For 

the same process and resolution, the simplified half-flash 

architecture is estimated to reduce die area consumption by 

33 percent compare to conventional half-flash architecture 

and 67 percent compare to full-flash architecture [4]. 

The reference voltage for the 8-bit simplified ADC in 

this project is 1.6V, which means each digital bit represents 

0.00625V.  Usually the performance of an ADC is 

determined by using different non-linearity (DNL), which 

represents the difference between the actual code step width 

and the ideal code step (1 LSB), and integral non-linearity 

(INL) known as linearity error that measures the deviation 

of the code transition point from their ideal position which 

represents the accuracy of the system.  Both the DNL and 

INL of the 8-bit simplified half-flash ADC in this project 

are within 0.5 LSB. 

5 CONCLUSION 

In conclusion, we have demonstrated that the 8-bit 

simplified half-flash CMOS ADC architecture can achieve 

less comparator count and thus less die area consumption 

compared to the conventional half-flash ADC.  This is 

accomplished with the help of a voltage estimator, VE.  By 

using the VE to predict the range of analog input voltage, 

Vin, the comparators no longer need to be placed on every 

resistor tap point.  For conversion speed, the extra step for 

predicting Vin range runs in parallel with the conversion 

cycle, hence the conversion speed of the 8-bit simplified 

half-flash ADC remains approximately the same as the 

conventional half-flash ADC with the same resolution. 
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