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Design of a Low Current Mismatch Phase Frequency Detector
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Abstract: A low current mismatch phase frequency detector (PFD) and charge pump (CP) was
proposed based on the 0.18 pm SiGe BiCMOS process. The PFD employed an improved edge-trig-
gered structure, modules such as D flip-flops and sum gate were based on current-mode logic, which
served to suppress common-mode noise and minimize the dead zone. The CP was designed with a cur-
rent-compensated bias circuit, which can reduce the impact of factors such as the channel-length modu-
lation effect, then reduce current mismatch. By suppressing the aforementioned non-ideal effects of the
PFD and CP, the phase error caused by them can be reduced, thus optimizing the in-band phase noise
of the phase-locked loop (PLL). In the typical process corner, with a 3.3 V supply voltage and
3.2 mA output current of the CP, the charge/discharge current mismatch is less than 1% in the voltage
range of 0.7-2.8 V after compensation. The current noise of the PFD and CP is —214.199 dBA/Hz @
100 kHz. Furthermore, the phase noise of the PLL is —138.34 dBc/Hz @100 kHz in the test, which
demonstrates that the designed PFD and CP has low current mismatch and low in-band phase noise.

Key words: current mismatch; current compensation; charge pump (CP) ; phase frequen-
cy detector (PFD); phase-locked loop (PLL)
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Fig.1 S-domain linear model of the charge pump PLL
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Tab.1 Parameters of charging and discharging MOS-

FETs in current mirror

Width/nm Length/pm Multiplier
MP1 500 2.9 8
MP2 350 2.3 4
MP3 350 2.3 1
MP4 500 2.9 16
MN1 700 2.9 10
MNZ2 350 1.5 4
MN3 350 0.9 1
MN4 700 2.9 5
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Fig.6  Structure of digital control circuit
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Tab.2 Comparison of parameters of the PFD and CP between this paper and related literatures

Matching voltage ~ Matching range ~ Phase noise/(dBc/

Ref Process Voltage/V' - Quimaa/ range/V percentage/ % Hz@100 kHz)
[7] 0.18 um SiGe BICMOS  2.70-3.30 2.0 — — —109.00
(8] 0.18 um CMOS 1.80 2.0 0.5-1.5 55.6 —
[9] 0.18 ym CMOS 1.80 1.6 0.3-1.6 72.2 —127.00
[10] 28 nm CMOS 1.05 2.0 0.2-0.8 57.1 —58.00
This work  0.18 pm SiGe BICMOS 3.30 1.0 0.7-2.8 63.6 —138.34
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