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Introduction (1)

» Substrate losses particularly problematic

at mm-Wave frequencies
» Substrate conductivity L,
* High frequency capacitive effects — Vgt
(Q
S LN~
 Performance of the cascode configuration L, =
vanishes at high frequency Vi — 55— Q, T &
» Shunts the AC current to ground =
* Reduces gain L,

» Qutput stage increases noise
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Introduction (2)

* A possible solution:




Introduction (3)

Research problem formulation:

Negative impact of poor inductor performance
 Inductors L, and L, are part of a narrowband
matching network
* Low Q degrades noise figure
* Noise figure degraded by 10 % [1]
- Inductor L, fails to cancel the parasitic ~ V;,
capacitance
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Substrate effects (1)

- HICUM
» Substrate effects in transistors
* Modelled as a simple RC network
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Substrate effects (2)

* |nductors
* Also modelled as a RC network

 Substrate coupling reduces the Q-factor and f,

 Electric field penetrates the substrate causing severe
energy loss
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Inductors for mm-Wave
applications (1)

« Spiral inductors / transmission lines
¢ On the Silicon substrate
» Substrate losses becomes severe
* Degrades Q and f,
« Several techniques to improve inductor performance

Inductor
Oxide laye
Substrat
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Inductors for mm-Wave
applications (2)

« MEMS technology

» Substrate trenches / bulk micromachining
« Create thick trenches in the Silicon substrate
« Oxidation process creates a thick oxide layer
* Improves inductor — substrate isolation
* Improves Q and f,,

Inductor
Oxidized trench
Substrat
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Inductors for mm-Wave
applications (3)

« MEMS technology
« Fabrication further away from the substrate

* Tuneable
 Structural support
* Applications in the RF range

Inductor
Signal post
Oxide layer
Substrate
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Inductors for mm-Wave
applications (4)

Metal 1

« Metal layers Inductor
 Inductor footprint is minimized by reducing
the diameter and line-width
» Fabricate using the metal layers to further
reduce substrate coupling
« Stacked inductors further reduce footprint area
* Ground plane beneath the inductor simplifies inductor

Oxide layer
Substrat

mod@l.lcta nce Area Q #Metal layer(s) Type
[2] 140 pH 29 um x 29 uym >20 above 40 GHz 9 Planar
[3] 420 pH 30 um x 30 pm 13@ 40 GHz 5,6 Stacked
[3] 420 pH 21 um x 21 uym >15 above 50 GHz 456 Stacked
5,6
[4] 380 pH 26 um x 26 um 11 @ 40 GHz _ Stacked
i with ground plane
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Inductors for mm-Wave
applications (5)

« Transmission lines can also provide an equivalent on-chip
inductance

* Prominent advantage is using a ground plane
 Line length can be prohibitively long

* Folded transmission line geometry

» Series-stub geometry

Metal 2

Ground plane (Metal 1) Ground plane (Metal 1)
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Conclusion

* LNA performance is sensitive to inductor performance
« HICUM is able to accurately determine transistor losses
» Substrate losses reduces the Q and f,, of the inductor

« Various techniques and methods exists to increase inductor
performance

* Preferred inductor solution whether spiral inductors or transmission
lines
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