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Outline

*Designing the amplifier
* Understanding the transistor
* Designing the circuit

Amplifier measurements

* Noise measurements
* Modeling comparison

Current work

* Improving frequency range
* Improving P1dB



Why Use Silicon Germanium?

BICMOQOS STOS55 reticule’in module



Understanding the transistor
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Design of Cryogenic SiGe Low-Noise Amplifiers. |[EEE Transactions on Microwave Theory
and Techniques. 2007.



Understanding 7¢min

7imin is the minimum noise temperature achievable. It

occurs when the generator impedance 2.g=~rlopt

Tdmin =~Iic (kb | §)xgmVPB



Beta (A/A)

Measured Beta and Gm

STO55 HS transistor, 20K ,300K

0.01 0.1 1 10
Collector Current (mA)

~—Beta 300K —Beta 20K —gm 300K

1.4

1.2

S

o
0o

o
o))

0.2

100

gm 20K

gm (V/A)



Noise (K)

Components of Tmin
using STO55HF transistor measured gm, DC beta, and
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Noise (K), Normalized impedance

Noise Model predictions for Ropt, T50, and Tmin

using measured gm, betaDC, and Rb from STO55HF transistor
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Selecting Area and Bias for minimum noise
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Silicon-Germanium Heterojunction Bipolar Transistors for
Extremely Low-Noise Applications. J. Bardin Thesis. 2009.



Common Emitter amplifier employing base

feedback
1 V1
R1 — oy
120Q T
Rf 3
~—\N\N\— —
o1 30kQ |
Rg F
| d
—w—j——(
30 21pF




Noise (K)

-
o

O -~ N W & O OO N © ©

Simulation noise prediction
ST2 transistor, MF5 amplifier
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Assembled PCRB




\‘1

parallel

s in
g

“ e

n\

-3Nsist

.‘. 3 A‘;.‘r\ . ..
tl



Measurement vs AWR noise models:

MF5 STO55HF transistor x3
SN366, 19-21K, 8-24-2015 to 8-28-2015, Ve = 2.5V, Icc = 20.3 mA, Ic Sim = 7 mA
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Measurement vs AWR noise models:
MFES5 STOS55HF transistor x1

SN369, 19-21K, 8-24-2015 to 8-28-2015,
Vcc=2.5V, lcc=14.5 mA, IcSim =7 mA

Noise Comparison MF5ST055HFx1

i | |
| | Measured
| | Modeled
8 | | o
| | T
— | . |
< 6 | : tH [l_]
Q | | |
0 |
> 4
2 52 GHz
......................... 1224 " P
| |
0 T

0o 1 2 3 4 5 6 7T
Frequency (GHz)



AWR model and measured S parameters

MF5 STOS55HF transistor 1x

MF5 STO55HF transistor x1 SN369, 19-21K, 8-24-2015 to 8-28-2015
Vee=2.5V, lcc=14.5mA, IcSim=7 mA
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Future work

*Increasing P1dB to reduce harmonic mixing
from strong out of band RFI

*Workingonal-8GHzand 1-12 GHz LNAs

*Improving noise models






