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A 5-GHZ PHASE-LOCKED LOOP USING OVER-SAMPLING 
FEEDFORWARD PHASE NOISE CANCELLATION

Chip Micrograph

Measurement Results and Conclusions

Demands for Low-Jitter Sub-6GHz PLL

Wi-Fi 7 (IEEE 802.11be): 
 Phase noise of LO causes the 

constellation diagram to rotate.
     EVM degradation

 Stringent jitter requirement for 
the required EVM for high-order 
modulation schemes

 Ultra-low RMS jitter (~140 fs) is 
required for 4K-QAM 

Proposed Over-Sampling FFPNC PLLs

 Jittery PLLOUT leads to voltage deviations in the sampled data
 Realign the phase of the PLLOUT by Voltage-Controlled Delay Line
 Break the trade-off between the loop bandwidth and PNC bandwidth

Proposed Gain-boosted PD

Phase Domain System Block Diagram

Comparison with prior art 

 Type-II analog PLL 
with Ring-based VCO.

 8x time interleaved 
feedforward phase 
noise cancellation 
path

 TSMC 28nm CMOS 
process. 

 Inherently stable

 Wide-band PNC 
with a low-
frequency REF clock

 Capable of being 
applied to different 
frequency bands

 Normalizes the phase 
noise performance

  Normalized area

 Bandwidth utilization 
efficiency.

FoMPN,N = L(∆f) – 10log(Lmin
2/Area)

 – 20log(BW/FREF) – 20log(FOUT/FREF)

Phase Domain Model of Proposed OSFFPNC

NTFs and Simulated PNs of Proposed OSFFPNC
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q PLL w/ over-sampling FFPNC (proposed)
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q PLL w/ sub-sampling FFPNC [2]

REF noise appears at far-out freq.

Higher cut-off 
freq.
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Type-II PLL

(𝟏𝟏 − 𝑮𝑮𝑶𝑶𝑶𝑶−𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺(𝒋𝒋𝒋𝒋) ∙ 𝑲𝑲𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽)(
𝟏𝟏

𝟏𝟏+ 𝑶𝑶𝑶𝑶(𝒋𝒋𝒋𝒋)
 ) 

(𝟏𝟏 − 𝑮𝑮𝑶𝑶𝑶𝑶−𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺(𝒋𝒋𝒋𝒋) ∙ 𝑲𝑲𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽)(

𝑲𝑲𝑽𝑽𝑽𝑽𝑽𝑽
𝒋𝒋𝒋𝒋

𝟏𝟏+ 𝑶𝑶𝑶𝑶(𝒋𝒋𝒋𝒋)) 

(𝑶𝑶𝑶𝑶(𝒋𝒋𝒋𝒋) ∙ 𝑵𝑵 + 𝑮𝑮𝑶𝑶𝑶𝑶−𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺(𝒋𝒋𝒋𝒋) ∙ 𝑲𝑲𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽)(
𝟏𝟏

𝟏𝟏+ 𝑶𝑶𝑶𝑶(𝒋𝒋𝒋𝒋)) 

𝑂𝑂𝑂𝑂(𝑗𝑗𝑗𝑗) = 𝐾𝐾𝑃𝑃𝑃𝑃 ∙ 𝐹𝐹(𝑗𝑗𝑗𝑗) ∙
𝐾𝐾𝑉𝑉𝑉𝑉𝑉𝑉
𝑗𝑗𝑗𝑗
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Prior art: Master-Slave Sampling [2]

Large C2 to avoid large REF spur and noise
High conversion gain 

Prior art: Reference Sampling [1]

Small C1 for low dynamic power

AC 
Coupled

RSPD<i>

Cs

RSPD<0:N-1>

VSMPL<1:N>

REFSINE

<i> Gmax = 282MV/s 
[w/ 1.8Vp-p 50-MHz REF]

PLLOUT

SMPLPUL<0>

VSMPL<0>

Timing Diagram

Pre-charged to VDD18

TPUL

REFP<0>

REFP<6>

≈  

REFEDGE<0>

PLLEDGE_N<0>

CS1

AVDD18

AVDD09

SMPLPUL<0>

R

PRECHARGE<0>REFP<6>

PLLOUT

REFP<0>
VSMPL<0>

Proposed Pulse Generator + Gain-Boosted Sampler<0>
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Proposed Pulse Generator + Gain-Boosted Sampler<0:7>

REFP<0>

REFP<1>

REFP<2>

REFP<3>

REFP<4>

REFP<5>

REFP<6>

REFP<7>

REFSINE,P REFSINE,N

Hybrid Polyphase Filter (Type-I+Type-II)

Break Power-BW Trade-Off & Achieve High Gain Over Half of TPLL

Sampler gain is A0, REFPHASE, fREF dependent
Over-sampling (OSR = N)

Require wideband VGA 

C1/C2 = 1 in [2] limits 
the cancellation BW

Proposed: Pulse Generator and Gain-Boosted Sampler

Gmax = A0ωREF A0

TPLL

Over-sampling (OSR = 8)

Proposed 
Sampler Gain

τ = RCS1 = 100ps, VDD = 
1.8V

𝑯𝑯(𝒔𝒔) =
𝟏𝟏

𝟏𝟏 + 𝑹𝑹𝒆𝒆𝒆𝒆 ∙ 𝑪𝑪𝟐𝟐 ∙ 𝒔𝒔
=

𝟏𝟏

𝟏𝟏 + 𝑪𝑪𝟐𝟐
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