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Millimeter Wave Transceivers

* Millimeter-wave signal for intermediate-range wireline [1]
and short-range wireless communication [2].
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Block Diagram and Challenges

* OOK RX: LNA, envelope detector (ED), limiting amplifier (LA).
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* Wideband LNA and high responsivity in ED are essential for
OOK signal receiving.
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IPD-CMOS Interconnects

* The optimization of inter-bump distance.
* Input/output return Ioss < -15 dB, insertion Ioss <1 dB.
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LNA Design — Schematic
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LNA Design — Interstage Transformer

Equivalent circuit model * Staggering operation frequency
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LNA Design — Simulation Results

* S-parameters and NF
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Envelope Detector Desigh — Schematic
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ED Design — Envelope Extraction

T
RF input signal:
Z | Vout
Mg M,
G G Voo — COoS(wpp
o l o gs RF ( RF )
+ mlst gs gm 2nd VY, gs +
l Vi, Vs = =Vip COS(gp 1)
gm 2nd 1Vgs gm 1st gs —
o Input The figure is from [9].
S (Received Signal)
i .
iptotal = Im2ndVRF> + Im 2nd VR COS(ZwRFt) ﬁ__ets?'-‘-tedl
igna
— 2 2
Vout = —ZL|9m2ndVRE" + Im,2nd Ve cos(Rwgrt)] "

Detected envelope offset = Z; (g, ynaVrr)
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ED Design — Transient Behavior
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ED Design — Responsivity

* Responsivity is improved by dual gain-boosting.
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Limiting Amplifier Design
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Chip Implementation

* The OOK receiver is implemented in 90-nm CMOS and flip-
chip assembled onto IPD carrier.
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Measurement Setup

* Setup of S-parameter * Setup for OOK signal measurement

s b
< oo Iy
£

20

Keysight PNA N5242B

OOK signal Eye-diagram Keysight oscilloscope
Ducommun centered at DSA-Z334A
WR-10 FDB 80 GHz

e s _—

OOK signal
centered at 8 GHz

WR10

Keysight AWG M8196A

Waveguide  \-band 40-GHz
72 GHz GSG probe GSGSG probe
1.0 mm
wire X 6
WR10 Freq.
WR10 Freq. Ext. Module |
| Ext. Module | 2 ocne Keysight PSG E8267D
§BOQTerm. . “he o (EEE
Cascade 5

ilrl).O ESG Cascade
robe i110 GSGSG
Probe

AMTT-S
IEEE MICROWAVE THEORY &
TECHNOLOGY SOCIETY




aniIiMmMs

o !
Connecting Minds. Exchanging Ideas. SAN DIEGO

Measurement and Simulation Results

* Reflection coefficients measurement at * Simulated OOK Eye-
RF (|511|) and IF (|522|) diagram for 16 Gb/s
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Comparison Table
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Frequency | Technology . . Data rate Sensitivity | Py | Energy per
Ref. (GHz) (all CMOS) Integration Modulation | PRBS (Gb/s) BER (dBm) (mw) | bit (p)/bit)
This IPD carrier / ; R
o 80 I A 00K 271 8 10 297 | 53.3 6.66
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7 _ -
2] | 80/100 | 65-nm A”t/eg[r)“}{/kNA 00K 331 _1{ 23 | 10m _2235'66/ 153.7 |  6.68
(6] 60 65-nm | LNA/ED/LA | BPOOK | 27-1 3 107 43 22 7.33
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-nMm - . ) - . .
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< IEEE

M@ MTT-S
IEEE MICROWAVE THEORY &

TECHNOLOGY SOCIETY




aniIiMmMs

Connecting Minds. Exchanging Ideas.

- el
SAN DIEGO 7073

Outline

* |Introduction
* Circuit design

* Chip implementation and measurement

* Conclusion

AMTT-S
IEEE MICROWAVE THEORY &
A TECHNOLOGY SOCIETY



V.
—

aniIiMmMs s

=0\
Connecting Minds. Exchanging Ideas. SAN DIEGO

Conclusion

* 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 101
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