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| feel the need the need for speed

Tom Mitchel (Tom Cruise), Movie Top Gun

Statement
In addition to scaled technologies we need advanced RF
circuit architectures to meet demands for future ultra high

speed communications



Low-Power High-Gain 160-220 GHz SiGe LNAQ)

TECHNISCHE
UNIVERSITAT
DRESDEN

Fakultat Elektrotechnik und Informationstechnik

Vi Ve, Ve Ve Vi1 V2
Q @] C Q ] O
Cs
IOOkQH 50kQ| o | R o | il SOkQﬁ somﬁ
I (R [ =

Co Co . . Cs
Lintp1 Liega| |
Lint,s1 | Lint,s2 |
L,
--------------------- :3mA
-15 e
140 150 160 170 180 190 200 210 220
J/GHz 5/11
Ref. Technology fIGHz | BW/GHz | G/dB | Ppc/mW | A/mm?
TUD 130 nm SiGe HBT 205 (>30(50)| 17 22 0.24
[Tess09] |50 nm GaAs mHEMT 200 40 16 24 1.0
[Sch12] [130 nm SiGe HBT 245 10 18 303 0.15




Higher Cascode MAG by Controlled Positive aﬁmgﬁﬂﬁ
Feedback, e.g. by L cking

DRESDEN

Fakultat Elektrotechnik und Informationstechnik

MAG@100 GHz
. Loeaking = 98 pH, k>1 — 16 dB
! v I-peaking =0—~11dB
/ — 5 dB MAG improvement!

- L Out
% I-peaking peaking
~ 0-100pH .|_/\N\,_f*mr\_|
4,80 R
stabilty  Crrshunt

[ In
=-3.60 [
IO B aviasll vosonduala ” .

40,06 75.06 106

| T TR TR A S T VO NG T IR O N TR O R AN T T YO T
1456 180G 215G 2506



. ) ) TECHNISCHE
Regenerative Sampling Receiver UNIVERSITAT

Fakultat Elektrotechnik und Informationstechnik

State-of-the-Art Architectures SRR AAaaASRRS SRR \
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* Low “linear” gain (8 dB/stage) r
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Pulsed Regenerative Sampling i N

» Up to frequencies close to f ., : '
* Oscillators need only MAG of 0 dB EZO—F!ZH;IEHZ I laias

« Oscillates phase coherent to incoming signal S~ SO g

Strong “nonlinear” amplification in oscillator by positive feedback
P.. > 40 dB higher than P,;, — high SNR
16 QAM, 25 GHz modulation — 100 Gb/s

C. Carlowitz, A. Esswein, R. Weigel and M. Vossiek, “Regenerative Sampling Self-Mixing Receiver: A Novel Concept for Low
Complexity Phase Demodulation,” IMS 2013, June 2013
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® Frequency 1 = transistor scaling = RF power |
© Smart voltage adding

A. Transistor stacking B. integrated n to 1 transformer
Real time control at B!
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Fritsche, Wolf, Ellinger, IEEE TMTT 2012
Knochenhauer, Scheytt, Ellinger, IEEE JSSC 2011




Power Combining PA at 60 GHz in SiGe
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Ref. fIBW P,qg |PAE [%] V,. | Technology
[GHz] |[dBm]|@P,4s/peak |[V]
TUD 60/12 245 |>13 3.3 {0.25 ym SiGe
[PfeO7] |62 21 n.a./6.3 4 10.13 um SiGe
[Wan12] |79 16.4 |13/19.2 1 65 nm CMOS
[Deal08] |270 7.7 4/n.a. 1.7 |35 nm InP HEMT
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Reference Technology Gain/dB

Group Ellinger, sim. 130 nm SiGe 20
Niknejad, RFIC12 130 nm SiGe 24
Zech, GeMiC12 50 nm GaAs HEMT 11




Antennas at Different Metal Levels & Locations and ﬂﬁ?&"&?ﬁ“ﬁ
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Very large BW
— More signal radiated upwards and lower substrate losses

Substrate etching lowers losses especially at lower metal levels

Linear tapered slot

M. Jenning, D. Plettemeier, Multilayer and multi-directional linearly-tapered slot antenna for 300 GHz
applications, EUCAP, April 2010




Multiple Antenna Contact Points and Multiple TEchscHE
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— Different contact points have different optimum centre frequencies
= Adding of multiple bands by frequency scaled amplifiers

A

= Very large BW
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Multiple Antenna Contact Points and Distributed Eﬁ‘f\f'a"n'?ﬁ';}?
Adding with one TWA
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Antenna feeding points used as transmission line elements for amplifier
towards fully distributed system
= Higher BW

Vivaldi

R. Hahnel, D. Plettemeier et. al., Broadside Radiating Vivaldi Antenna for the 60 GHz Band, iWAT 2013




