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Abstract—In this paper, a 6-bit subranging Analog to Digitd
Converter (ADC) using a new interpolation method ispresented.
The proposed interpolation method utilizes one diffeential input
signal and two DC voltages. Therefore, the area of igital to
Analog Converter (DAC) is reduced half in comparisa to the
previous interpolation which utilizes two differential signals. The
ADC is implemented in 90 nm process and achievestab power
of 3.3 mW, ENOB of 5.8-bits, FoM of 0.12 pJ/conv. &00 MS/s
in simulation.
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. INTRODUCTION

Medium resolution, several hundred MS/s to sev&@ais
ADCs are widely used in wideband receivers. Mealayhow-

the circuit size become large due to a large nunatbeunit
capacitors and two DACs are required for the irdkaton.

B. Interpolation by one differential signal

Fig. 2 shows the operation of the two interpolatiegthods.
Basically, an interpolation means dividing betwésa signals
with a certain ratio. For example, in Fig. 2. (&; can be
generated by dividinyyp: andVinp, with 3:1 ratio. AlsoVy:
is generated by usingn: and Vg, in the same way. If the
comparator compares those two interpolated signtis,
conversion ofDgy; is performed without reference voltages.
Two differential signals are required for realizithgs operation.
The proposed method is shown in Fig. 2. (b). Coimpgap the
previous method, the proposed method uses only one
differential signal and two DC reference voltag@g.using 1:3

power consumption is becoming the most importantaiio of Vierp and Ve, and 3:1 ratio oWy and Ve, the

characteristic by growing demand for mobile devicegh as
smartphone. A subranging ADC using interpolatior2]lis
one of the good candidates to satisfy the perfooman
requirement. However, traditional interpolationlinés two
DACs for its analog to digital conversion operatidgrhose
DACs reduce the ADC's attractiveness because gélpower
and area consumption. This paper presents a subgaAC
with interpolation using one differential signaldatwo DC
reference voltages. By using the proposed intetipolathe
DAC becomes half from the previous interpolatiohefiefore,
it benefits the ADC performance, such as power woypion
and core area.

II.  INTERPOLATIONMETHODS

A. Interpolation by two differential signals

The subranging ADC is divided into two parts, arsea
ADC and a fine ADC. The coarse ADC decides the Mg
and the fine ADC decides the LSB side. The DACorsated
between two ADCs to output signals for the fine\@sion.
There are several methods to realize a DAC. Amdwgd
methods, a capacitive DAC (CDAC) with interpolatibas
many advantages. Fig. 1 shows CDAC architecture iend
output signals. During sampling phase, CDACs changet
signal into unit capacitors. After that, during drgolating
phase, CDACs outputs two differential signals faeipolation
in the fine ADC. By using the CDAC, low power congution
is achieved because of no DC current path in tfeaii Also,
good consistence in the fine conversion range ligesed by
CDAC and interpolation. However, the input capauita and

same operation of the previous method Dajyr; can be
performed. This can be realized based on the ptmaf the
interpolation that the source signals for interfiota are not
necessary to have the same slope. Even if one |signa
changing and the other signal is DC, it can berjatated
without problem. The proposed interpolation canuoedthe
CDAC in half in comparison to the previous methblderefore,
core area and power consumption are reduced. [Fuonthe,
the required performance of the ADC input driveraduced
because the CDAC also work as a sample and haditcir

Ill.  ADC IMPLEMENTATION

Fig. 3 shows a 6-bit subranging ADC architectuiegishe
proposed interpolation. The ADC consists of a 4duarse
ADC, a CDAC, a 3-bit coarse ADC, and digital logi¢fie one
bit redundancy is incorporated for error correctidhe ADC
utilizes only one CDAC by the proposed interpolatidwo
DC reference voltages for interpolation are geeerdty the
resistor ladder in the coarse ADC. Comparatorshin fine
ADC work in the same way as explained in Fig. 2 (b)

V. SIMULATION, LAYOUT AND PERFORMANCETABLE

Fig. 4 shows DNL and INL at the 500 MHz sampling
frequency. DNL is less than +0.15 / -0.25 and INLUeiss than
+0.15/-0.15. Fig. 5 shows FFT results at 500 MSith w
Nyquist input frequency. The spurious level is lowan -55
dB. Fig. 6 shows layout of the 6-bit subranging AD€ing the
proposed interpolation. The core area is 0.074.rthe core
size can be reduced by the layout optimizationlérabhows a



performance comparison with recently published tGADCs.
This subranging ADC shows a good performance
comparison to the others in the simulation. Thepdeng speed
is slower than others; however, it can be improusd
interleaving and circuit optimization. Table Il st® the
comparison to the ADC using previous interpolatiagthod.

V. CONCLUSION

In this paper, the interpolation method using ori2AC
and subranging ADC is presented. The proposedpiiggion
has advantages in circuit area, power consumptimhADC
driver requirement. The presented ADC using thepased
interpolation method shows good performances, asch FoM
of 0.12 pJ/conv. in simulation.
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Fig. 1. CDAC architecture and output signals using twoedéhtial signals

TABLE I. RECENTLY PUBLISHED 6-BIT ADCS
Refer- Pro- fou Py SNDR FoM Active
ence | 85| asis) | vy | amp | [P | area
[nm] conv.] | [mm?]
[2] 90 0.7 7 35 0.25 0.13
[3] 45 1.2 28.5 36 0.45 0.1
[4] 65 1 6.27 315 0.21 0.11
[5] 40 2.2 2.6 31.6 0.04 0.03
This
Work 90 0.5 3.3 36 0.12 0.074
(sim.)
TABLE II. COMPARISON WITHSUBRANGING ADC USING Two CDACS
Refer- Cosample fok Pqy FoM Area
ence [pF] [Gs/s] [mw] [pdiconv.] |  [mm?
[2] 2.7 0.7 7 0.25 0.13
VU;LT( 1.7 05 33 0.12 0.074
imy | (138%) | (120%) | (153%) | (152%) | (1 43%)

(a) Interpolation using two
differential signals
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(b) Interpolation using one differential
signal and two DC voltages

Fig. 2. Comparison of the interpolation methods
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Fig. 3. 6-hit subranging ADC architecture using the proplaséerpolation
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Fig. 4. DNL and INL simulation results at 500 MS/s
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Fig. 5. FFT simulation results at 500 MS/s and Nyquist thpu
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Fig. 6. ADC core layout
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