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Radiation hardened ASIC preamplifiers for plasma wave observations
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Plasma wave observations by miniaturized and multiple satellites in the magnetosphere are important to understand the ma
netospheric dynamics. Further reductions in the mass, volume, and power of analog circuits are continually being made i
scientific instruments designed for plasma wave observations. We have been studying the miniaturization of the plasma wav
instruments without degrading the electrical performances by using an application specific integrated circuit (ASIC) technology.
In our pervious study, ASIC preamplifiers for magnetic field measurements (1 Hz "100 kHz) were developed by using 0.25 um
complementary metal-oxide semiconductor (CMOS) technology.

In this study, in order to considerably reduce circuit resources (mass, volume, and power) for analog component of plasm
wave instruments, we have developed a new ASIC preamplifier for electric field measurements and a triangular wave oscillatc
for a calibration system. A voltage gain of 10dB, a bandwidth of several MHz, and low impedance (50 ohm) drive are necessary
for an ASIC preamplifier for electric field measurements. In comparison with the ASIC preamplifier for magnetic field measure-
ments, the ASIC preamplifier for electric field measurements is designed for wideband operation with an improved output buffer
driving a low impedance load.

In addition, a calibration system is built with a triangular wave oscillator. A wide frequency response can be evaluated by a
number of harmonics of the triangular wave. We can embed preamplifiers and an oscillator together within a one chip. This
could contribute to further miniaturization of plasma wave receivers.

Finally, total ionizing dose (TID) effects cannot be ignored for observations in a space environment. We could mitigate the
TID effects by using CMOS devices having a gate oxide film which is much thinner than used in the conventional product. We
experimentally confirmed that our ASIC preamplifiers exposed to a TID level 100 krad did not increase in noise property. We
could develop a radiation hardened ASIC preamplifiers.

We will present the design principles of our ASIC preamplifier for plasma wave observations and discuss its electrical perfor-
mances in detail.

voboooboooboooooobooooooboobooooobooooooooooboOoobooooooonooon
0000000000000000000000000000 ASICOODOO0O00O0)000D00DOODODOOO0O0OO
coooooOooooOoooooOoooo0o0booOooOoooDOooooDboOoO0obOoOOoOoDO 0.2sumo cvMosO OO
0000000000000 000ODO0000DO0ODO0O0oOooooO ASICODO0OO (D HzD100KkHZ)YODOOOOO

O00o00ooooooooooobo0o0Oooooooooo0ooooooooOobobooOooboOogAsiICOoODOoOOoo
ooooDoOoOooooooooooooooobooeMosSOOnDopoOooooOooOoooooogASICODOOOOon
00000000 10dBOOOO0OOO0OOO MHzZOODO (B0000)0000000000000O00OODOOOOO
gooooboobooooboboooboooobooooobobobooboobooooobooboooobobobooDbOoo

coooooboOooooooooobooOoDboOooOo0o0oDOoOOoOO00bObOO0O0 HzODODDOOOOODODO
obooboooobOobOoboobooooooooooboobooboboooboooooooboOobOobOobooooooon
cMosOiooooooooobooooOoDbilOooboOoUoOooooooOObOOoOoOoOoooboDOObOOOOoOooooOoDOooOoog
booobooobooooobooon

goooboooobobooboooboooobobobooobooooooboboooboooDobobobobobooboo
gcoooocoMosSOoooooopoodooopooogoooooo0ooooooooooooooDobDoOOoDOon
OOo0O0O0OOOO ASICOODDODOOOODOODOOOOOCOCOCOCOODO 100kradd DO OOOoOoOoOoOoooooogg
oooooooDooAsICO0O0OOOO0O000O0OOOO0O0O0O0ODOOO0O00ODOOO000OoOooDODOOoOooO
oooooboo

OO0000000O0O00DOOo00DOoO0O0oOOo ASICO00DOO00O0O00DOOO00DOOODOOoOoDODOOOooOoDO
oo



