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HBTs enable portable wireless products
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Why does this PDA need HBTs?




A DIFFERENTIAL HBT POWER CELL
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ABSTRACT: A differential heterojunction bipolar transistor (HBT)
power cell has been designed and modeled with additional model

extraction patierns. The differential power cell, which is composed of

a unit differential amplifier with a common emitter ballast resistor,
has no gain degradation by the ballast resistors and has been imple-
mented in|lInGaP/GaAs HBT|technology. DC and AC characteristics
are extracied from a half circuit of the differential power cell and
thermal characteristics are extracted from a common-mode circuit of
that. Using the extracted model, a{ﬁ?r&mia! power amplifier
has been designed and fabricated with on-chip oufput networks. The
5-GHZ differential power amplifier dfm‘frsaf P, g with 30%
collector efficiency. © 2008 Wiley Periodicals, Inc. Microwave Opt
Technol Lett 50: 2262-2268, 2008; Published online in Wiley Inter-
Science (www.interscience.wiley.com). DOI 10.1002/mop.23684
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A 1.4-dB-NF Variable-Gain LNA with Continuous Control

for|2-GHz-band Mobile Phones Using InGaP Emitter HBTs

Yuuichi Aoki, Masahiro Fujii, Satorn Ohkubo*, Sadayoshi Yoshida*, Takaki Niwa¥,
Yosuke Miyoshi*, Hideaki Dodo, Norio Goto*, and Hikaru Hida

System Devices and Fundamental Research, NEC Corporation
34 Miyukigaoka, Tsukuba, Ibaraki 305-8501, Japan

* Compound Semiconductor Device Division, NEC Corporation
1753 Shimonumabe, Nakahara, Kawasaki, Kanagawa 211-8666, Japan
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Fig. 1. VG-LNA circuit with input-bypassing by using a
diode-loaded emitter follower,

IEEE RF IC Symposium, pp. 231-234, 2002
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Fig. 3.  Circuit schematic of a variable-gain LNA.



Sec. 9.1

Note:
* Epitaxial structure

e Dissimilar emitter and base
materials

* Highly doped base.

Simplified 1-D structure

HBT structure
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Sec. 9.1

Energy band diagrams for HBTs
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Construct in usual way, but note
the band-edge discontinuities:

What materials are represented in the above band diagrams?




Sec. 9.2

Preparing to predict |,
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Sec. 9.2

Setting up for the | derivation
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Wy can be as small as 30nm.

Nj can be as high as 1E19-1E20 cm™

What is Wg/L, ?
What is the minority carrier profile in the base?

What is the expression for the electron current in the base?

What are the boundary conditions?




>° | Answering the questions from the previous slide
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In modern HBTs d“n
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Now we just need the boundary conditions




Sec. 9.2

BC's for I. derivation
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What is ng*? This is a modified Shockley BC

Why do we need a new BC?

What is the BC at the other end of the QNB?
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Sec. 9.2

Collector current: controlling velocities

Substitute for the carrier concentrations at the boundaries
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Note:

- the reciprocal velocities

- estimate typical values

- inclusion of vy necessary in modern HBT's
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- vR=infinity
— Vg =1e7 cm/s
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