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• Millimeter-wave signal for intermediate-range wireline [1] 

and short-range wireless communication [2].

Millimeter Wave Transceivers
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• OOK RX: LNA, envelope detector (ED), limiting amplifier (LA).

• Wideband LNA and high responsivity in ED are essential for 

OOK signal receiving.

Block Diagram and Challenges
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• The optimization of inter-bump distance.

• Input/output return loss < -15 dB, insertion loss < 1 dB.

IPD-CMOS Interconnects
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LNA Design – Schematic
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• Equivalent circuit model

LNA Design – Interstage Transformer

• Staggering operation frequency
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• S-parameters and NF

LNA Design – Simulation Results

• IP1dB
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• Dual gain-boosted envelope 

detector

Envelope Detector Design – Schematic

M6-9 2 × 6 μm / 100 nm

VG2 (V) 0.35

VDD2 (V) 1.2

CC (fF) 45

RL1 (Ω) 704

RL2 (Ω) 847
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ED Design – Envelope Extraction

�D,total = �m,2nd�RF2 + �m,2nd�RF2 cos 2�RF��out = −�L �m,2nd�RF2 + �m,2nd�RF2 cos 2�RF�
Detected envelope offset = ZL(gm,2ndVRF

2)

RF input signal:

vgs = VRF cos(ωRF t)

-vgs = -VRF cos(ωRF t)

The figure is from [9].
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• To increase relative RF 

swing, CC is utilized.

• Monitor transient 

behavior while CC ↓

ED Design – Transient Behavior
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• Responsivity is improved by dual gain-boosting.

ED Design – Responsivity
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Limiting Amplifier Design
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• The OOK receiver is implemented in 90-nm CMOS and flip-

chip assembled onto IPD carrier.

Chip Implementation
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• Setup of S-parameter 

measurement.

Measurement Setup

• Setup for OOK signal measurement
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• Reflection coefficients measurement at 

RF (|S11|) and IF (|S22|).

Measurement and Simulation Results

• Simulated OOK Eye-

diagram for 16 Gb/s
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OOK Measurement Results

6 Gb/s

8 Gb/s
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Ref.
Frequency 

(GHz)

Technology 

(all CMOS)
Integration Modulation PRBS

Data rate 

(Gb/s)
BER

Sensitivity 

(dBm)

PDC

(mW)

Energy per 

bit (pJ/bit)

This 

work
80 90-nm

IPD carrier / 

LNA / ED / LA
OOK 27 – 1 8 10-12 -29.7 53.3 6.66

[1] 120 28-nm
Dielectric fiber

/ ED / LA
OOK N/A 4 10-12 -20 25.1 6.28

[2] 80 / 100 65-nm
Antenna / LNA 

/ ED / LA
OOK

27 – 1/ 

231 – 1
23 10-11

-23.6 /

-25.6
153.7 6.68

[6] 60 65-nm LNA / ED / LA BPOOK 27 – 1 3 10-7 -43 22 7.33

[7] 140 65-nm
Pre-amplifier / 

ED
OOK 29 – 1 10 N/A N/A 32.5 3.25

[8] 60 90-nm
Antenna / LNA 

/ ED / LA
OOK 27 – 1 10.7 10-12 -32.5 36 3.36

Comparison Table
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• A flip-chip assembled W-band OOK RX is demonstrated for 

high-speed wireline/wireless communication.

• An OOK data rate of 8 Gb/s is measured with a sensitivity of 

-29.7 dBm at a standard BER 10-12.

Conclusion
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