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• SAFARI is a far-infrared grating instrument for
SPace Infrared telescope for Cosmology and
Astrophysics (SPICA).

• The ultra-sensitive transition edge sensor (TES)
bolometer arrays of 3000 pixels, with an NEP of
𝟐𝟐 × 𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏𝐖𝐖/ 𝐇𝐇𝐇𝐇.

• Frequency domain multiplexing (FDM) readout
system for SAFARI, the readout noise should be
dominated by the detector noise.

• FDM consists of LC filters, a SQUID, a room-
temperature LNA, and a DEMUX

• To identify the contribution of the SQUID and the
LNA, we measure and analysis the current and
voltage noise of the LNA.

INTRODUCTION

FDM READOUT SYSTEM

NOISE MODEL OF THE LNA

𝒗𝒗𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎𝒎 = 𝑽𝑽𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝟐𝟐 + 𝑮𝑮𝒎𝒎𝑮𝑮𝑮𝑮𝟐𝟐 � [(𝑮𝑮𝑮𝑮𝟐𝟐 � 𝑹𝑹𝒎𝒎𝟐𝟐 + 𝒗𝒗𝑮𝑮𝟐𝟐 + 𝟒𝟒 � 𝒌𝒌𝑩𝑩 � 𝑻𝑻 � 𝑹𝑹𝒎𝒎 − 𝑹𝑹𝒍𝒍𝒎𝒎𝒎𝒎𝒎𝒎 + 𝟒𝟒 � 𝒌𝒌𝑩𝑩 � 𝑻𝑻𝒍𝒍𝒎𝒎𝒎𝒎𝒎𝒎 � 𝑹𝑹𝒍𝒍𝒎𝒎𝒎𝒎𝒎𝒎) �
𝑹𝑹𝑮𝑮𝑮𝑮

𝑹𝑹𝑮𝑮𝑮𝑮 + 𝑹𝑹𝒎𝒎

𝟐𝟐

]

• VDEMUX = noise of DEMUX
• Gain = gain from amplifier
• Rin = input impedance
• Rlead = resistance of electrical leads
• Rs = load impedance + lead 

resistance 
• In = current noise of amplifier 
• Vn = voltage noise of amplifier
• T = temperature of Rs
• Tlead = average temperature of the 

leads

RESULTS AND ANALYSIS

LNA MEASUREMENT SET UP

• 10 different resistors ranging from 10 to 400 Ω

• Measurements with the load resistors at 50 
mK and 1.3 K, respectively

• Resistors connect with LNA via electrical leads 
from top to the bottom of the LC cooler

• The average temperature of the leads is 77K

READOUT NOISE MEASUREMENT (Details in Damian Audley's poster-270 )

• The readout noise of the FDM dominated by the LNA and SQUID noise, the current 
noise referred to the input of SQUID is 18 pA/ 𝑯𝑯𝒛𝒛 in the operation mode

• Extracting the LNA noise out is hard due to the SQUID noise, determined by its settings
• To identify the contribution of the LNA, we need to measure it separately 

• 50 mK Measurement

CONCLUSION

VDEMUX is 173 nV/sqrt(Hz)

• The readout noise of the FDM is 18 pA/ 𝑯𝑯𝒛𝒛 in SQUID's operation mode
• The equivalent current and voltage noise of the LNA is 5.4 pA/ 𝑯𝑯𝒛𝒛 and 390 

pV/ 𝑯𝑯𝒛𝒛 respectively. 
• Both SQUID and the LNA have low enough noise to read out SAFARI TES array

𝑽𝑽𝑮𝑮 = 𝟑𝟑𝟏𝟏𝟏𝟏 𝒑𝒑𝑽𝑽/ 𝑯𝑯𝒛𝒛 𝑰𝑰𝑮𝑮 = 𝟓𝟓.𝟒𝟒 𝒑𝒑𝒑𝒑/ 𝑯𝑯𝒛𝒛

The measured voltage noise versus source resistance at 50 mK, with different input 
resistance, together with the fits , and errors (±𝟐𝟐𝟏𝟏𝒑𝒑𝑽𝑽/√𝑯𝑯𝒛𝒛, ±𝟏𝟏.𝟐𝟐𝒑𝒑𝒑𝒑/√𝑯𝑯𝒛𝒛) 

The measured voltage noise versus source resistance at 1.3 K, with different input 
impedance, together with the fits , and errors (±𝟐𝟐𝟏𝟏𝒑𝒑𝑽𝑽/√𝑯𝑯𝒛𝒛, ±𝟏𝟏.𝟐𝟐𝒑𝒑𝒑𝒑/√𝑯𝑯𝒛𝒛) 

𝑽𝑽𝑮𝑮 = 𝟑𝟑𝟏𝟏𝟏𝟏 𝒑𝒑𝑽𝑽/ 𝑯𝑯𝒛𝒛 𝑰𝑰𝑮𝑮 = 𝟓𝟓.𝟒𝟒 𝒑𝒑𝒑𝒑/ 𝑯𝑯𝒛𝒛

The voltage  noise of the LNA measured with different input impedance in open and 
shorted circuit at room temperature

𝑽𝑽𝑮𝑮 = 𝟑𝟑𝟏𝟏𝟏𝟏 𝒑𝒑𝑽𝑽/ 𝑯𝑯𝒛𝒛 𝑰𝑰𝑮𝑮 = 𝟓𝟓.𝟒𝟒 𝒑𝒑𝒑𝒑/ 𝑯𝑯𝒛𝒛

𝑻𝑻𝑮𝑮 = (𝑽𝑽𝑮𝑮𝟐𝟐+𝑰𝑰𝑮𝑮𝟐𝟐�𝑹𝑹𝒄𝒄𝟐𝟐)
𝟒𝟒�𝒌𝒌𝑩𝑩�𝑹𝑹𝒄𝒄

=80 K

Noise temperature

• 𝑽𝑽𝑮𝑮 = 𝟑𝟑𝟏𝟏𝟏𝟏 𝒑𝒑𝑽𝑽/ 𝑯𝑯𝒛𝒛
• 𝑰𝑰𝑮𝑮 = 𝟓𝟓.𝟒𝟒 𝒑𝒑𝒑𝒑/ 𝑯𝑯𝒛𝒛
• 𝑹𝑹𝒄𝒄 = 𝟓𝟓𝟏𝟏 𝛀𝛀
• 𝒌𝒌𝑩𝑩 = Boltzmann constant

SPICA: http://spica-mission.org/
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