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Abstract - This paper proposes a 10b 120MS/s ADC with a 
supply-insensitive current reference based on six circuit 
elements. The simulated reference shows a mean supply 
rejection of 1.1%/V between 1.6V and 2.0V. The measured 
ADC demonstrates a differential non-linearity of 0.18LSB and a 
dynamic performance of 9 effective numbers of bits. 
 

I. Introduction 
 

High-quality digital multimedia services have been 
combined with the recent trends of personal portability and 
entire system integration on a single chip, while increasingly 
requiring highly power efficient analog-to-digital system 
interface circuits based on a small chip area, high resolution, 
and high sampling rate. In those mixed-signal systems, 
current and voltage references are essential to bias analog 
circuit blocks such as operational amplifiers and comparators. 
Any current variations due to temperature, supply, and 
process affect the quiescent biasing conditions of the analog 
circuits and the overall system performance. This work 
describes a 10b 120MS/s 0.18um CMOS three-stage pipeline 
A/D converter (ADC) with a temperature- and supply-
insensitive current reference based only on six circuit 
elements. 

 
II. Proposed ADC Architecture 

 
The proposed 10b 120MS/s ADC in Fig. 1 consists of an 

input sample-and-hold amplifier (SHA), two 4b multiplying 
D/A converters (MDACs), three 4b flash ADCs, digital 
correction logic (DCL), on-chip current and voltage 
references, decimator, and timing circuits. The required 
timing clock phases are internally generated from a single 
external master clock. Nonlinear errors such as inter-stage 
offsets and clock feed-through errors are digitally corrected 
in the DCL by overlapping 2b from 12b raw codes to obtain 
10b outputs. 

 

 
Fig. 1. Proposed 12b 120MS/s ADC. 

III. Current reference insensitive to temperature and 
supply variations 

 
Some conventional CMOS band-gap references for SoC 

applications have used the same type of transistors with 
different characteristics of enhancement and depletion, 
which result in extra masks and CMOS processes for 
fabrication [1], [2]. Although a reference circuit employing 
only enhancement-type MOS transistors was proposed in [3], 
it needed many transistors to generate two opposite types of 
currents with positive and negative temperature coefficients, 
respectively. On the other hand, this work proposes a 
simplified on-chip full CMOS current reference only with 
five transistors and a single resistor, as shown in the left side 
of Fig. 2. The test voltage, CMLX, is generated and 
connected from internal (or if available, external) resistor 
dividers to maintain 40% to 50% level of a nominal power 
supply for minimum current consumption. Considering the 
Kirchhoff’s voltage law and the same sized W/L of 
transistors MP1 and MP2, the voltage difference between 
VDD and T12 node is given as (1). If current I1 is reduced to 
a very small value by decreasing the gate voltage of MN1, 
Vsg1 is very much close to Vthp1, so that a supply independent 
current can be achieved as described in (2).  By 
differentiating (2) with a temperature factor, I2 becomes a 
temperature independent current source, as summarized in 
(3). Since (3) has positive (1st and 3rd terms) and negative 
(2nd term) temperature coefficients, the overall temperature 
coefficient can be reduced to zero with device sizes 
controlled appropriately. The simulated current reference 
shows a mean temperature drift of 35.2ppm/  in the ℃
temperature range from -25  to 100  and ℃ ℃ a supply 
rejection of 1.1%/V between 1.6V and 2.0V. Depending on 
employed CMOS technologies, absolute reference current 
variations within 30% can be corrected in the digital domain 
by 3b IVCN control signals. 

 

Fig. 2. Proposed on-chip current reference circuit. 
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IV. Prototype ADC Measurements 

 
The proposed 10b 120MS/s prototype ADC with the 

proposed current reference is implemented in a 0.18um 
CMOS process. The die photograph of the prototype ADC is 
shown in Fig. 3. The ADC occupies an active die area of 
1.8mm2 and dissipates 108mW at 1.8V and 120MS/s. The 
measured differential non-linearity (DNL) and integral non-
linearity (INL) are within 0.18LSB and 0.53LSB, 
respectively, as illustrated in Fig. 4. The signal-to-noise-and-
distortion ratio (SNDR) and the spurious-free dynamic range 
(SFDR) are maintained over 53dB and 68dB up to a 
sampling rate of 120MS/s. The prototype ADC doesn’t show 
any observable difference in the measured static and 
dynamic performance with a supply voltage between 1.6V 
and 2.0V as summarized in Table I. 

 

 
Fig. 3. Chip photograph of the prototype ADC. 

 

 
Fig. 4. Measured DNL and INL. 

TABLE I 
Performance summary of the prototype ADC 
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