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Introduction

Terahertz Receiver — cont’'d

Output . DC Bias Beamlead

S i

A

o
|
P ™ - _-
< i s
' - -
- —
et -l
gl -
P N

O\ G. Chattopadhyay et. al., IEEE T-MTT, Vol. 52,
TN\ No. 5, pp. 1538-1547, May 2004.

Output Probe

Free Standing Metal

Integrated Capacitor
with Beamleads

GaAs Substrate

Diodes with Beamlead

750 GHz diode
multiplier




Introduction

J

UNIVERSITY

Communications Receiver Front-End

14
Bandpass _ Lowpass
LNA Filter ~ MXer  Fie IFAmp |
N 4>[>_ .| Demodulation
>/ \ -—p
L A . |Circuitry

Local
Oscillator

----------------- Microwave Digital
= \/\ Front End i Back End

XTAL SRD Bandpass Amp MMIC Bandpass§
oscillator multiplier Filter multiplier Filter |

------------------------------------------------------------------------------------



Noise Concepts
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An oscillator’s output has amplitude and phase fluctuations

u(t) = A(t) coslw(t)t] = A(#) cos [wof 00 f]
at

The noise spectral density of the signal is

Se(fm) = 10log ﬂ(j)? = 20 log A}y s

TImn.s

After frequency multiplication we obtain

v(t) = By cos [nwyt + nAo(t)]

Sgl) (fm) = 201log(nAdms) = 20log n + 20 log A@,mms

/

phase noise degradation
relative to input signal
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Why frequency multiplication is “worth 1t”

Noise Concepts

* Typical phase noise (PN) of a 10 MHz Crystal Oscillator:
-170 dBc/Hz @ 100 kHz offset

e Using a multiplier chain to get a 2.4 GHz signal
degrades this phase noise by 20log(240) = 48 dB,
yielding:

-170 dBc/Hz + 48 dB = -122 dBc/Hz

« Compare this to an on-chip LC-tank oscillator at 2.4 GHz
which has a typical PN of -100 dBc/Hz @ 100 kHz offset
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Multiplier Techniques
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Classic FET multiplier topology [6]
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Multiplier Techniques

Harmonic Generation using a FET
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Distributed Multipliers

Broadband Multiplier Designs
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A. M. Pavio et. al., “A Distributed Broadband Monolithic Frequency Multiplier,”
IEEE Int. Microwave Symposium Digest, pp. 503-504, 1988.



Distributed Multipliers

Broadband Multiplier Designs
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K. L. Deng and H. Wang, “A Miniature Broad-Band pHEMT MMIC Balanced
Distributed Doubler,” IEEE Trans. Microwave Theory Tech., Vol. 51, No. 4,
pp. 1257-1261, April 2003.



Frequency Tripler
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New Concepts in Tripler Design
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Frequency Tripler

Tripler Circuit Implementation
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You Zheng and C. E. Saavedra, "A Broadband CMOS Frequency Tripler using a Third-
Harmonic Enhanced Technique," IEEE Journal of Solid-State Circuits, Vol. 42, No. 10, pp.
2197-2203, 2007.



Frequency Tripler

Circuit Core
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Measured Results

Conversion Loss = 9.5 dB

| Input frequency f=1.92GHz o 3

...... : 1 Phase Noise Degrad. =9.75 dB

Theoretical minimum is 9.54 dB
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Fundamental Rejection > 11 dB
2"d Harmonic Rejection > 9 dB
4" Harmonic Rejection > 20 dB

Output Power (dBm)

Input Power (dBm)
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Mixers with LO multiplication
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Recent Advances

Frequency Multiplication using SHM's

Phase Shifter

Jo odd-order frequency
3f multipliers can be
conveniently designed
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B. R. Jackson, F. Mazzilli and C. E. Saavedra, “A Frequency Tripler using a
Subharmonic Mixer and Fundamental Cancellation,” IEEE Transactions on
Microwave Theory and Techniques, Vol. 57, No. 5, pp. 1083-1090, May 2009.



Recent Advances

Frequency Tripler Design
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Frequency Tripler Design — cont’d
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Recent Advances

Measured output spectrum

¥, ~Input Freq. 1 GHz
~10 Input power  -10 dBm
-20 Output Freq. 3 GHz
~30| f_ %, - Conv. Gain 3dB
40! Y2 Fund. Reject. 30dB

Output Power (dBm)

It 1._L!L!L-

1 2 3 4
Frequency (GHz)




Recent Advances
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Recent Advances

| Phase noise degradation:

9.69 dB

1 Theoretical minimum:
201l0g(3) =9.54 dB

10 10° 10
Frequency Offset (Hz)



Conclusion ©

Queens
NIVERSITY

U

 Local Oscillator signal generation is a key driving force
behind frequency multiplier design

« Multiplying a very stable low-frequency reference signal
can still produce signals with better phase noise than
producing them on-chip in the microwave range

« Wave-shaping techniques can be exploited to generate
odd-order multipliers

« Recent advances in multiplier design have led to highly
compact circuits with excellent fundamental rejection that
do not require output filtering
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