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At JPL we are in collaboration with UCSB and RJM 
Semiconductor to develop advanced Indium Phosphide 
Heterojunction Bipolar Transistors (InP HBTs) in a low 
parasitic Transferred Substrate process and a high yield 
mesa process with the goal of producing the fastest 
transistors and circuits. 

The approach is to incorporate the Transferred Substrate 
process with aggressive lateral scaling with our electron 
beam lithography system. 

Specific near term applications include amplifiers for local 
oscillators for high frequency upconverters and 
downconverters, and active multiplier circuits. 
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HBT 

Background 
Example: All nAs/l nGaAs/ln P Double HBT 
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* Energy level versus position diagram generated with Bandprofiler of W. Frensley UTDallas 
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Background 
HBT Example: AllnAs/lnGaAs/lnP DHBT 
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Background 
The figures of merit of high speed transistors are the 
current gain cutoff frequency (F,) and maximum 
frequency of oscillation (Fmax). 

Zec is the total emitter to collector delay time of the HBT. 

Fmax r/ > (FJ(8.7~0 Rb*Ccb) 

R, is the HBT base resista 
C,, is the base to collector capacitance. 
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Background 
Transferred Substrate method for improving F, and Fmax 

- Standard mesa HBTs have a large base-collector overlap. 
- TSHBT process reduces the amount of overlap because the collector 

- Minimizing base-collector overlap reduces C,,, increasing Fmax. 

- To improve F, and Fmax simultaneously, TSHBTs need to be scaled 

contact is defined on the backside of the wafer. 

vertically to reduce the distance electrons need to travel and thus T ~ ~ ,  
also the base needs to be doped as high as possible to decrease R,. 

Mesa HBT Transferred Substrate HBT 
Metal 

Emitter 1-Y Contacts 
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Subcollector 
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Applications 
HBTs in a Terahertz Imager 

- fMz Signal Source 
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Applications 
GHz Autocorrelators 

Advancements in Spectr 
for Astronomy, Plane 

and Chemical and 
tion with T HBTs and DHBTs 

- 

increase BW of 

High yield DHBTs 
can increase BW 
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Applications 

BPF 

JPL 

Digital 
Signal 

r DM ' ~ 'DSP 4 

GHz Communications 

Signal 

Components can be used to 
enhance transceiver front ends. 

Dplx 

components can be 
used for future all 
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JPL 
Development of TSHBTs at JPL 

Identifying and improving good epitaxial material is critical. 

Large circular 10,000 pm2 emitter 
area mesa HBTs are used to screen 
and optimize epitaxial material. 

I, vs. Vce for different base currents 
of large mesa HBTs. Here small 
signal p is 15 to 20. 
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JPL 
Development of TSHBTs at JPL 

Proving out process steps towards TSHBT fabrication: 

RF mesa HBTs are used to test top 
side process steps for the TSHBTs 
and also RF material quality. 

Ziraaristor-tb 
u 
trope r t 
OUT-EPN 
d8 

40 .0  

313.0 

20.0 

10.0 

0 . 0  

Ft = 126 GHz 
Fmax = 120 GHz 
_m_w 

Frequency  GHz 

Gain plots of RF HBTs deduced 
from S-parameter measurements. 
Emitter current density is 62 kA/cm2. 
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JPL 
Development of TSHBTs at JPL 

First TSHBT sample iteration fabricated at JPL. 

Optical photo of a first generation 
TSHBT with wafer probes. The CPW 
probe pitch is 100 pm. 

Gain plots of H21 and U versus freq. 
Extrapolated F max of 150 GHz and F, 
of 110 GHz, at an emitter current 
density of 94 kA/cm2. 15 



JPL 
Development of TSHBTs at JPL 

JPL TSHBT integrated process. 

Metal 1 Collector 

Collector 

Base 

/ 

BCB 
Via 

Au Ground Plane 

Carrier 
Substrate 

Optical photo of a TSHBT with Schematic cross section of a - . _ _  

ballasting resistors during fabrication. TSHBT device with integrated 
16 resistors and capacitors. 



Transferred-substrate HBTs 
for 140-220 GHz Amplification 

UCSB 
Miguel Urteaga 
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-2 6.3dB 4%) 175 GHz 

140 150 160 170 180 190 200 210 220 

Frequency, GHz 

34ransistor amplifier: 

17 
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Frequency (GHz) 



66 GHz HBT master-slave flip-flop UCSB 

Objectives: 100 + GHz logic 

Approach : t ran sf e rred-su bst rate H BTs, 
microwave / digital design 

Simulations: 95 GHz clock rate in SPICE 

Accomplishments: 
operation to 66 GHz 

Design features: 
clock 

Michelle Lee 

33.0 GHz static divider output at 66.0 GHz input 
~ ~ ' ' " " ' ' ' ' ' ' ' ~ ~ ~ ~ ~ ~ l  

-1001  I I I I I I , I , I , , , , I , I , ,  

0 50 100 150 200 
time, ps 
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