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A High-Precision Low-Power and Low-Temperature-Drift Relaxation
Oscillator with Two-Step Digital Calibration
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Abstract: Given the difficulty in achieving high-precision clock frequency calibration of traditional
on-chip oscillators, this study proposes a digital calibration method based on a binary search
algorithm and realizes frequency calibration with high linearity for a relaxation oscillator. The
calibration algorithm adopts a two-step calibration approach, consisting of coarse calibration and
fine calibration, which significantly expands the frequency calibration range. To solve the
problem of temperature drift of oscillation frequency, a new temperature compensation scheme is
proposed in this study. This scheme introduces a high-order compensation mechanism of
subthreshold current self-compensation on the basis of the traditional first-order temperature
compensation, which greatly reduces the influence of temperature changes on the output
frequency. Additionally, the temperature coefficient of the switch resistor array is reasonably set

to ensure that the frequency-temperature characteristics of the oscillator frees from the negligible
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effect by the calibration of the output frequency. Parasitic parameters are also extracted for the

oscillator layout and simulated. The simulation results demonstrate that with the frequency

calibration and temperature compensation schemes in place, the frequency error is lower than 0. 04%

under typical circumstances. The frequency errors are less than +0. 12% and 40. 13% within the

temperature range of —40 °C to 125 °C, and supply voltage range of 2.5V to 5.5V, respectively. The

overall circuit operates with a current of 47. 6 nA, and the duration of a single calibration process

is shorter than 2. 7 ms. The oscillator can be used in applications such as IoT and microprocessors

to replace crystal oscillators, thereby decreasing the system cost and volume.

Keywords: relaxation oscillator; high precision; two-step digital calibration; high-order temperature

compensation
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Fig. 1 Relaxation oscillator structure with VAF mechanism
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Fig. 2 Proposed relaxation oscillator block diagram
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Fig. 3 Proposed oscillator core circuit
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Fig. 6 Digital frequency calibration implementation
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Table 2 Eight oscillators performance summaries and comparisons
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— }sz“z%%% WK/ Eﬁ) W/ TAERT/
2 pm mm” MHz pA
CHkC12]  FIE 0.25 1.14 7 600
ScEkl20] WAt 0.5 0.19 11.6 133
Xwk[21]  RAT 0.35 0.09 5 20
CHk[22] S 0.13 0.07 3.2 25.6
SCHR[23] A 0.35 0.05 4 280
SCHk[24]  FAst 0.11 24
XHk[257 AR 0.18  0.0196  3.01 22
AL A it 0.04 0.11 2 47.6

+0.31 [2.4,2.75] +0. 84 [—40,125]
+0.8 [3,5.5] +2.5 [—40,125]
40.95 [1,1.3] +0.7 [—20,60]
+0.4 [1.4,1.6] +0.25 [20,60]

+0.3 [2.4,4] +0.41 [—30,120]
+0.83 [1.4,1.6] +0.42 [—40,85]
+1.2 [1.4,2.0] +0.6 [—20,100]
+0.13 [2.5,5.5] +0.12 [—40,125]
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