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Submillimeter-wave/THz
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Submillimeter-wave/THz

d Compound semiconductor devices are
employed.

dIndustrial and commercial applications of
submillimeter-wave require low cost, compact
and portable systems.
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Higher levels of integration
Higher yield
_ower manufacturing cost

_arger die size

d Correct imperfections of submillimeter-wave
circuits using digital CMOS circuits



Push-push VCO

d Fundament oscillator: limited by f,__,

 Oscillator-doubler: larger and more complex

JPush-push oscillator: compact and overcome f__,
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Push-push Oscillator
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Push-push Oscillator

 The width of the [ Active
cross-coupled T oyeileon
transistor is about — B Metalt
10um = Via1

L | Metal2

d Transistor gates aret = Via2
contacted on both Metal3
ends and folded into
multiple fingers. 700"

L Each finger has 2

contacts on each
side and connected
using metal2.




Passive Device Modeling

Leff — Im(Z11) ~ 4OPH
)
- Im¥) L8 @ 200GHz
Re(Y,,)

[ Design and optimization of inductors solely rely
on the 3D EM simulator (Ansoft HFSS).

dDiameter ~ 20um, Width ~ 1.6pum
dInductors are 3-port devices in the simulation.



Passive Device Modeling

1 Grounded Coplanar Wave guide (GCPW)
d Confine fields relatively small area

dReduce loss caused by substrate & interference
with nearby circuits

dLoss ~ 2.5 dB/mm @400GHz

W(Bpmy L
dW=6um, G=4um G(dum)
for Zy= 500

Ground(M;- illicon Substrate



On-chip Antenna
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Silicon Substrate

Freq: 400GHz
Ao: 0.75mm

Radiating edges
A The fringing fields at the edges are responsible for
the radiation.

 The dielectric thickness between the patch and
ground plane is ~4um.



Antenna Size

500

450}

Frequency (GHz)
N
o
o

350F

300 - : : :
160 180 200 220 240

Width (W) and Length (L) of patch (um)
 The patch length (L) is about half wavelength.
L is a dominant factor for the resonant frequency.




Antenna Efficiency
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Dielectric thickness (um)
 The thickness of the dielectric layer between the
patch and ground is a dominant factor for the

radiation efficiency.



Radiation Pattern

Directivity
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FTIR

 Off the shelf electrical probes go up to 325GHz.
dFourier transform infrared spectroscopy (FTIR)
consists of a bolometer, an interferometer and

sources.
A Silicon bolometer (HD-3,IR Lab), 5-mil beam splitter
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Interferometer

Movable Reflected wave form

Wave form at D
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Interferogram

Interferogram

= (1 +c:032722—5)
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(c =3 x 108 m/sec)
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Interferometer
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Frequency

L The mirror movement is limited and the recovered
spectrum is convolved with a sinc function in the
frequency domain.



THz Measurements
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Power Measurement
\y
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100Hz Illl

J100Hz modulation on Vy of
Oscillator

A lock-in amplifier detects signals in
noisy environments. o

dMeasures power radiated through the I
on-chip patch antenna




Fundamental Oscillator Measurement
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A fundamental oscillator operating up

to 189 GHz has been demonstrated

using low leakage transistors in
45nm CMOS.
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THz Measurements

0.15

—e— PoWer Oﬁ
——Power Off

410GHz—>x
(-49dBm)

o
—

Intensity [a.u.]

o
o
(3

50 2 0 300 360
Frequen.cy [GHZ]
(J When the inductor Q
Increased to 8 and
bypass cap Q
Increased to 5 and
Rop = 1kQ then P, Is

-18 dBm.

400 450

Measured Power -47 dBm
2"d Harmonic Power |-49 dBm
Antenna loss 7/ dB
Mismatch loss 2 dB
Calculated Push-push |-40 dBm
I:)out

Simulated P, ; with -39dBm

out

inductor Q of 6
@200GHz, bypass
cap Q of 1 @400GHz
and R, of 20002




Frequency [GHZ]

413

N
RN
N

AN
RN
N

N
RN
()

409

THz Measurements

J

8

9 10
Bias Current [mA]

11

-y N
0 o

S
Power [nW]




Summary
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Conclusions

A 410-GHz push—push oscillator with an on-chip
patch antenna fabricated using low leakage
transistors of a 45-nm CMQOS process with 6
metal layers is demonstrated.

dUsing an FTIR system, the spectrum and power
of the 410-GHz signals are measured.

 Presently output power is low.

L This work suggests the possibility of CMOS THz
circuits.
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