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Abstract

This paper investigates the development, validation, and testing of the flight model (FM) of the Langmuir

probe (LP) for ionospheric anomaly monitoring by magnetometer and plasma-probe (AMMAP), a scientific
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instrument abroad the Compact Advanced Satellite 500-3 (CAS500-3). IAMMAP is designed to measure
ionospheric plasma and magnetic field variations at an altitude of approximately 600 km, focusing on the
correlation between the equatorial electro-jet (EEJ) and equatorial ionization anomaly (EIA). The FM of the
Langmuir probe has been developed following the successful qualification of the engineering qualification
model (EQM), with improvements made in several areas, including the replacement of the micro—controller
unit (MCU) with space—-grade components resistant to radiation and temperature extremes, and the
application of the LP operation scenarios. After the functional tests, environmental tests will be performed
to verify compliance with FM requirements for satellite operation. The IAMMAP-included LP will contribute
to understanding ionospheric anomalies and provide valuable insights for satellite operations in the near—

Earth space environment.
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A2 1% 9F 50km o] S7H IR H GHS EFE A AR} foloe] U
Ho g A9 Apr|HF} e AtEsh tftt AA7|A A= A= 583t ti7]
B 5 stolth. 53] B4lT GPS AlZo] FakE vA7] dizol MeHoA doju=
AYES oldfisk= 2ol a5ttt APde] 4 EPees AY] A=s uet 52
= 259l A% 7] AE(equatorial electro-jet, EE))2} & A7t A7 A=A H o] Zafzn}
U7t A4Asks A0l A& o] 23} okNequatorial ionization anomaly, EIA)°] Itt. EEJ
o} EIAE & " &30 s dF= o, o2 Qs TAshk= Eot2ute] dxet 2
T H3le 9 AlAEY] oRE AT 5

o|e} AFsle] BHo] B2 (Langmuir probe, LP)2 AZA Wo] AR} Uro} 2rof 7ho
ER0NE S5k Hl Qlo] WY 5838 =& AREE] Jtt. o] B2 vt 1=
olA Me]d EetRute] WslkE AAIRC R ST &4 Qlof, Ml AT} 5 714 A5l
71ofstar it} dEl= 20049 68 29Y¥o] WARE DEMETER 91442 ISL(nstrument
Sonde de Langmuir}e X33t 78}t Aul7L GAfj=lo] glow, HMe|d Eef=nte] At U
oF 25 Z7oItHI]

olo W}, & At ATt MEd wek dAZ olsfishr| s 5 EtRrtet A1
Z4ot= ISEAA IAMMAP(onospheric anomaly monitoring by magnetometer and
plasma-probey= 7Wdstil, 1 5 E2k2ut £747|Q1 LPE HSStAF Stk HshgAiA|
IAMMAPZ 337 [ A(KAIST) Q15918 dtacllA 7idstal glom, JAHSF 3
3 (Compact Advanced Satellite 500-3, CAS500-3)°]l ©A=lo] 20250l ARE oot
A RSB 32l A5 38)= st 4 Ve AT Ao, Al S A
A7F gAE. 1 F ohl AMMAPS 1% 9F 600 kmollAl A& X3t F2|<99] Eat=
op 9 A7) ks B Ao, 8 TS E3e EEJ9F FIAS] Bt A 4
FH o7 FAIsto] ofsfsh= Zlolth. A% 35 Skt 4719 AU A AIE ']
E2nt 9o} A2 ST =N M EeRiet A1 A2 & o A
5] E0ftt & 4 U= 7131E Al AoloH2A4l
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B =FoME 25 35 ASHAIAl IAMMAP LPe] 7ie 343t 38 A|g 23S off,
Yo Zgd npge dAof digt 488 U8} Aol dish A=starat eteh & =7
3 o Aok 2404 IAMMAPS] ZeHd 3 3ot LP A4 9 AR g5 Tt
8-S o2, 3o A= 1P 58 915 Hd(engineering qualification model, EQM)2]

g AJHof| tisf} 7|3ttt 4804= B 2 (flight model, FM) 7id 343} 3¢ A
g5 Astal, Ao g SAoA= ZE 9 Eoof thsf 7]&gitt

2. IAMMAP(lonospheric Anomaly Monitoring by Magnetometer
and Plasma—Probe)a} #'70{ Et&l(Langmuir Probe, LP)

2.1 IAMMAP(lonospheric Anomaly Monitoring by Magnetometer and

Plasma-Probe)2| 1}st™ 2= ST 2 AFQF

EEJo} EIAE A7+ A= A% dejdolA dojue 8% I & shu=, Hed &E9k=
ute] Fsto] 2 P vkt EEJ= A Ak A Hol sk et A ] AR
2A, 34 d719k Aefd EStznte] deakgo s ARt oY-F&(dawn-dusk) Atel9l
A9l sf FAdEthFig. 1. ole F= @ AR B1t WS, A7 A1 Holel
slof Aok, EEJ9] et Wskes " &, AT A1, W7 AJH SOl T gEA, =
5] GPSeF 22 91 7IHte = She Al AlAEe] 93 viE & ok

EIAE 2= dejdollA A&} 9t 34 g4ste dder, A deSe] 4 259
ofsf J/dethFig. 2). EFJeF "RVIAIZ W AIRE 59t @S, o] = <Qlsf At P Foiy
= T2 A=F oF £15°7 ®Hol AR A= Ao ERt=uprt st olsshEA 34
Sledl, A SEtRupt A7 A71ge] e otk A A|HOoR ofFsiuA Tt
A=A, ol Al AR 2 2o 3837 9= 2T BIAE TRVEAR 24
7|5t Al2Fe] /g5l 87 FF= vIAY] wieell Rt w3t ol asitt

(€) (b)

B field

/ * Dusk

Subsolar Point

5
) : Neutral Wind | — CEEJ : Orbit Trajectory
— “E=UXB ——» :5qCurrent : Residual B Field

Fig. 1. Mechanism of equatorial electro—jet (EEJ) [2]. (a) Neutral wind — plasma interaction.
(b) The representative current system including EEJ and solar quite current in the dayside

ionosphere.



J. Space Technol. Appl. 4(4), 300-317 (2024)

Fountain effect

High density

E Region

Magnetic Equator

Fig. 2. Mechanism of equatorial ionization anomaly (EIA). The E x B drift in the ionosphere

causes a ‘fountain effect”, leading to the accumulation of electrons at latitudes approximately

+15° from the magnetic equator.

EEJo} EIAE A= #Ado] & Ao® A=Y, Ao Mx; dwe} A7 HxE 2
Jok= 8 2450t} 0|59 et A& BAS flste] HAF dwel A E S8
I Q= ASFEAA TAMMAPS 7idstaiTt.

IAMMAPLS 7| AlPIM(advanced impedance probe for ionospheric monitoring)}
AIMAG(adaptive in-phase magnetometer)@ ©|F0]A Qo™ A £79] AAE 7K1 QL
t}. AlAE AIPIMY| o] '3 (Langmuir probe, LPI Yo A 3 (impedance probe,
IP) 11831 AIMAGS] ZAA0lE & A|(fluxgate magnetometer, FGM)7| 31t AIPIMS
Lpe} [PE ol-&ste] 95 Set2ut W55 3510 EIAY] AI71E S745HA =W, AIMAGE
FGMZ ol&sto] A7|E 1HdER W52 9t EF9 AI7IE S78sHA Eoh
TAMMAPS] Apat /-2 Z¥2F Table 13} Fig. 33 ZTH2].

Table 1. Specification of the IAMMAP instrument for CAS500-3 [2]

Instrument Parameter Value
Number density 10*-106 cm™®
Langmuir probe Temperature 600-3,000 K
Resolution 20 ms
Number density 10106 cm™
Impedance probe Frequency 0.1-10 MHz
Resolution 1ms
B-field range 60,000 nT
Resolution 1TnT @10 Hz
Fluxgate magnetometer
Noise 300 pT/vHz @ 1 Hz
Temperature coefficient 0.1 %/C

IAMMAP, ionospheric anomaly monitoring by magnetometer and plasma—probe; CAS500-
3, Compact Advanced Satellite 500-3.

https://www.jstna.org | 303



DRSIETR IAMMAP LP 9| H|gf 22 sjat

304 | https://doi.org/10.52912/jsta.4.4.300
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IAMMAP | e CMD/TLM, 15538
ERAV S | === Power +28V

Secondary Power

............ CMD/TLM, Science Data, SPI

Flux Gate AIMAG Analog1 Science Data, Channel Link
Magnetometer1 IAMMAP
= < J POWER(S/C)
AIMAG LvPS
FhodCats AIMAG Analog2 | Controll
Magnetometer2 9 oIEOReY

I

b

AIMAG

v v
Flux Gate AIMAG Analog3
Magnetometer3 < < » OBC (5/C)
»| Interface
Board Time Mark
- Bi-level CMD

»{ XTX/IDHU

AIPIM

Lock-in lied Impedance Probe
Impedance Probe IPEB

Fig. 3. Electronics configuration of IAMMAP for CAS500-3 [2]. IAMMAP, ionospheric anomaly

monitoring by magnetometer and plasma—probe; AIMAG, adaptive in—phase magnetometer;
AIPIM, advanced impedance probe for ionospheric monitoring: LVPS, low voltage power
supply; OBC, on-board computer; XTX, X-band transmitter; IDHU, image data handling unit;
CMD, command; TLM, telemetry; LPEB, LP electronics board; IPEB, IP electronics board; LP,
Langmuir probe; CAS500-3, Compact Advanced Satellite 500-3.

2.2 LP(Langmuir Probe)2| &4 U =3 {2

LP+= Eef2n} 0] &9 &< TR0l A7) DC A 716l 9= o wals}
Eznte] ARE S4cto] A EStRne] 2t U, 171 94939 5= /=
At IAMMAP LP&= KAIST QI5-9dddtaclA 7idset AAdiAZ e 15(NEXT
generation small Satellite-1, NEXTSat-1)9] &8 ©AA|Q1 ISSS(instrument for the study
of space storm)ollA] AL&E LP2] sl €| R (heritage)s ©-&5t11L5], <telu FERS] IPE
F7¥sto] o Eet Eetant S48 & 5 les AAE Il

AIPIMZ LAY BePlE o] &3 1 2= o3t A4 1HdS astetes AA
=o} ot BBl (bracket) MHRO= LP7F A3 o] 9low, LP 7FgAE | IP7} F2kEof
Art. LP= AFBDC type) HAAE H:(disk-type probe)2& AF7H SEXA] ¢h= 7=
(guard ring)e] B3RS ESLL Q1= FEict LP2} 1PS] ARl LPEB(LP electronics
board)2} IPEB(P electronics board)y= 2+t LP box@} IP box©]| A|2%]o] Bl S0
FAPE, A} AR shte] FRER o]foA ltkFig. 4).

LP+= &2t AR7F FAEHA Sek2ete] ARp 2%(T,)2F A2t 9=(N )& S735H
woh. Eetznt 27 WiollA &3] 3] A9k 7isHAl W =919 E2k2nt AM(plasma
potentia) 9] AYR= QI8 Set2nt MF7F S2A Hot wkef g3 EHof 7R 49
Aol =HH HAE0] FASHA ==, E2nt AYEGY AriFos I9 MR 29}
(electron saturation)”} YAYsHA Ec} vit2 =22 AYS =etznf AYHETH Aoz
A s 7IskaaAoR HAR7F AASHA Hed, o ke WA XA FHHelectron
retarding region)o|2}al Tt © 2do] 29| Hdo| HH A= © ol fU=EA g

—l> rlr
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Fig. 4. Configuration of advanced impedance probe for ionospheric monitoring (AIPIM). AIPIM
is integrated into a single structure which contains the sensor components in the front part,

and the electronics in the rear part of the bracket.

o]27to] F{=]o] o] Z3Kion saturation)7t WAYSHA Ht. ofof what o] HolAF
B 39| A7 & AYL 2918 (sweeping) FOEHN [V FA-V curverE IS &
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2.3 LP(Langmuir Probe) ZXI5|2 A

Ol
ot

LP A2 E G0 ERE fYEe ASE S50kl EY
H3kok= A it LP AAS|Roll= ofg 21 A5 E SEAITE A4t SE7(operational
amplifier, Op Amp), $FH 455 HAd AS&E HTA7|= ADC(analog-to-digital
converter), H¥HE TXE 455 A2Jsk= MCU(micro-controller unit) 5-°] X3=]o] QIct.

LPo] AREE= Op Ampe AIAE Bl S0 ofd=E1 455 A2jsl=t], E3A Q1]
A ZZ7|(trans-impedance amplifier)?} A5 SZ7](differential amplifie)® F43%/0]
AUt EMA AQEA SE7= G932 B9l v A2 AR ASE AR AR HEsh=t|
ARGEH, B3o] AjHoA d= AT vl vARE MR FEiE EAisk=t] 24 A2t
719l ofglRo] 3I7] wizo|th. ERA AuEA SEF7|= Ad E2ute] nAg AR
£ ADCol| A& 7Fs3et AP L& ¥igsto], o|F GA oA 4ASE AT 4= =S gt o]
IPoA 2 AWEAE FASHAAE W2 &9 AWHAE AlFsto] 48 H3S Eol=
o] F83F dT Bk s FE= F 9 AT 19| ZolE FHste] ko|2E AAsH
£ ARgEE & 48 4159 $8H ko|= AuS AASIL 5% AeRkE SEIITh
0|5 &l AlE 34| (signal-to-noise ratio, SNR)E 7I4sta, Het Aot =g A5
o Slch

LPo]l 171 A 292 F 7HA] Ad F shE AEisto] ARSIt sh+= 1 34
7|(waveform generator, WG4 BAE 452, 2AdolE(oscillator)2] S2Hclock)S ©]
goto] AZnkE AYAgstA "ok WGl HAAE 3he AAsHd Fs] Adurt 28Er=
o] AR AZEe] AEE 2AT 4= Qs & S 7] wieel, § st St

T 7H9] ojggo] S 4 Ut} HHE slt= MCUS DMAC(direct memory access

ol Bk Holelz
o
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controller)oll#] A4H A=, wmelo] 23 Htohs W4lo]7] o] MCUS A4kl
PR W] ko AZuto] £ SEetRut s 9| 24T 4= Sl= Aol vk A
g9] A2 MUX(multiplexer)E ©-831o] +&s}iT.

o] 71et H9t A AlS9F gRlo g S0l EetRut AR 45= ADCE AA HAE
A58 JASET LP= ADC7F HlolA] A|Ql(daisy chain) FEiE & 4712 +d=0] Ut

% e A A9 A5E 9, YRR R A Sehzel 457} weke A As

2.4 LP(Langmuir Probe) Xl& MM 2 &

IAMMAPS] AIME &34 22 ofg&E71 g2 ADColA HAE Fo& Wghe dxt=
(raw data)’} MCUE Hg¥o] 2% w7l Fejz Hekdt) ojn B4 Ars F5isto] 2
Aol BF A 4= A= UEHe|AYE Hagt, o] 9T UEH]A K E(interface
board, IB)7} 43514 Hrt.

LP A& AE Al B¥(command) 2 YA K (telemetry) A& QIE|Ho] AL} 11
& AR5 AS Ads AR B8 2 AR AE S 2412 OBClon-board
computen)@} 1553B 5412 53 HH(command)# ¥A+F FH(telemetry)E 5T 4
UEE 3t} LPE o83t Stz B&E XdYolr] sl 283t gPols AT 4= U1,
E3E 710 sl BEol7E dEo] HdeA RIS = Sl SHAIS (reply)2t LPY] X5,
Ui 2% 5 A JH (state of health, SOHYE 41T 4= Utk A Ax D= EZ|(SOH
telemetryy= LPEYF ofe} BE §H0A 162 5712 A4=o] BE AA OBCE HgHch

B2 AtH =A== A'd FA(channel link)E %3 IDHU(image data handling unit)
2 Hgdct. o] I3} IF AEE SD(science data)etal ohH, FHOF Fig. 594 o]
IDHUZ W%, b gAA Aas Z33t oA X-tY $4& +3she XTUX-
band transmitter unitys 53 XA=o] ALEr}.

1& AR AS Adi=s HER S-bandE &9l #et #5 AR E3 ASoHA ==, o]
£ ST(science telemetry)2tal Sttt ST ojwet EA2 XTUZF ¢ oA X-band -3
(downlink)g &0l H&sHA Fohe 495 f1gt WY & P Eolch. JAMMAPS] ST+
Alxof whet AB/d3717F ST, LPY] 7% STHOOIA] ST#47HA] & 5719] mizlo] 2% ==
7182 AB/3€d. sHAIRE S-band®] A%, £=7F L8, A& &) v HgA0]7] wiZo
BE49l F4do] s

3. &8t 215 BH(Engineering Qualification Model, EQM)
e o 95 8ot
3.1 715 A™

IAMMAPS] 33} Q1% HE(EQM) L EER](prototype) HHE H o] % 20224 49
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Science Data PV vy ¢ ! { )
Amplitede-adjusted voltage
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=
c
O
g 1. LP Command and Telemetry through the Interface Board (1B)
v 2. MCU spplies the sweep voltage to probe and guard ring
after selecting channel (WG or DMA).
3. LP detects plasma current due to the sweep voltage.
15V LVPS ) -
Low Voltage |+ Switchable 115 Analag 4 ;" '_’ad;h:;“c “1“ “:gg ;‘ @ and &,
—15% LvPs - Option A: -1+ -
Power Supply Regulator 15% Analog i .
(LVPS) 5V LVPS (MU Oneff Control] - Option B: ADC-3 + ADC-4
antrol .
- Option € ADC-1 + ADC-4

Fig. 5. Block diagram of the LP electronic circuit. The MCU determines the channel of the voltage sweep, which is applied to

the probe to obtain plasma current. All signals are converted into digital signals via the ADC and sent to the MCU, where data

packets are generated. Finally, the packets are transmitted through the IB to the IDHU. MCU, micro—controller unit; ADC,

analog-to—digital converter; LPEB, Langmuir probe electronics board; MUX, multiplexer: LP, Langmuir probe.
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Amplitude -

L
\.PEB to PC

& connect
\
S

Fig. 6. Functional test of LP: (a) test setup, and (b) voltage sweep signal observed on the

oscilloscope. LP directly receives the power by replacing LVPS with a power supply. LP,
Langmuir probe; LVPS, low voltage power supply; LPEB, LP electronics board; JTAG, Joint
Test Action Group.
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Fig. 7. The results of linearity of output voltage: (a) waveform generator, and (b) direct
memory access controller.
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Fig. 8. The results of linearity of output frequency: (a) waveform generator, and (b) direct

memory access controller.
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Fig. 9. Plasma vacuum test of LP: (a) test setup, and (b) configuration of the plasma chamber
[7]. The AIPIM is placed inside the plasma chamber, connected to a PC, and the chamber is
evacuated to create a plasma vacuum environment using neutral nitrogen gas. The plasma
source consists of a plate anode, grid anode, and cathode filaments. AIPIM, advanced
impedance probe for ionospheric monitoring; SPOC, space plasma operation chamber; LP,

Langmuir probe; TMTC, telemetry and telecommand.
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Data Preprocessing I-V Curve
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Fig. 10. Data preprocessing of LP: (a) extracting voltage and current values from the LP data
received via the high-speed data transmission interface, and (b) plotting the I-V curve. The
extracted voltage and current values are mapped one-to—one to generate the plot. LP,

Langmuir probe.
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Fig. 11. |-V curve converted to a logarithm scale. Linear fitting in the electron saturation and

electron retardation region allows estimation of the plasma temperature and electron density.



J. Space Technol. Appl. 4(4), 300-317 (2024)

EZgt 2} 4249 Zd0|E A(plate voltage)® 1E A (grid voltage)oll W3S FH
A Eehzute] 2ot Ax; WeE SYsieith S 2352 Table 19] 87 20 &

TSk A @ 4 Qlrk Fig. 12+ 19|E Ay Eﬂﬂ‘oﬂ w2 ZFo]E X (plate current)
Hol= el o7 Zalxzul Awy) FAIE 0 7 ZEsle] Zalzulyt £4|glo] AAE
= 20 5 QA

Fig. 132 T=|= Agfo] HohaA Szt 2= A} W7} ofBA Mok Uetd
Tgoloh. 18je Ado] F7IRtel wht oxte] @ALE AiEste] R & WIS HolA| &
I, AR s 371 & 5 Ao S2kEn A AlES 59, %?}5“} 27golA LP7t

A 02 BAVE A3 Sekan B3 PHHOE 2HT 5 A FAT 4 9rk

-1r1

o

J‘&

EI

Frequency 10 Hz

—e— PV =250.0V
—e— PV =300.0V

—e— PV =3500V
35

Plate Current(mA)
N
S

30 40 50 60 70 80 920
Grid Voltage (V)

Fig. 12. Variation of plate current with grid voltage. As the grid voltage increases, the plate

current also increases accordingly. PV, plate voltage.
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Fig. 13. Variation of plasma temperature and density according to the grid voltage change.
Variation of the (a) temperature and (b) electron density of plasma with grid voltage. Red line

is 250V, blue line is 300 V, and green line is 350 V of the plate voltage. PV, plate voltage.
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Fig. 14. Results of linear fitting of the -V curve using data points randomly selected from
SD: (a) fitting result with the same number of data points as ST, and (b) fitting result with
half the data points of (a). The fitting in (b) is less accurate due to the reduced number of

data points. SD, science data; ST, science telemetry.
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Table 2. Operational scenarios (records) of LP EQM

DMAC DMAC WG Bias Output
Record
Channel  frequency amplitude frequency voltage voltage
" (H2) v (H2) V) V)

0 DMAC 10 0.425 10 0.310 2713
1 DMAC 5 0.425 5 0.310 -2713
2 DMAC 2 0.425 2 0.310 -2713
3 DMAC 10 0.585 10 0.415 -3713
4 DMAC 5 0.585 5 0.415 -378
5 DMAC 2 0.585 2 0.415 -378
6 DMAC 10 0.745 10 0.520 -4-10
7 DMAC 5 0.745 5 0.520 -4~10
8 DMAC 2 0.745 2 0.520 -4~10
9 WG 10 0.425 10 0.310 -2°6
10 WG 5 0.425 5 0.310 276
1M WG 2 0.425 2 0.310 276
12 DMAC 10 0.425 0 0.310 -2713
13 DMAC Editable Editable Editable Editable variable

LP, Langmuir probe; EQM, engineering qualification model; DMAC, direct memory access

controller; WG, waveform generator.
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