Nghién ciru khoa hoc cong nghé
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Tém tit: Mach dién tir ma thanh phan chinh cia né la cdc linh kién ban dan roi rac
hay mach tich hop (IC) ¢6 xu huong lién tuc thu nho, dién ap cung cap cho su hoat dong
ciia mach thap hon. Nhiéu dién tir truong tur nguon cong sudt dii 16m, xdm nhdp vdo cdc
thiét bi dién tir ban dan mét cach cé ¥y hodc khong co y déu lam cho cdc mach dién tr &
trang thai hoat dong khéng ding chirc nang thiét ké hodc tham chi khéng hoat dong. Bai
bdo ndy dat van dé tinh todn dg I6n céng sudt nguon phat tin hiéu tan sé cao lam cho cdc
mach dién tir xay ra hong hoc. Thuc nghiém sir dung mét nguon phdt bao gom hé thong
ong dan song, dén dao dong (magnetron), mét s6 phu kién khéc va mach dién tir duwoc tich
hop cdc IC ché tao theo cong nghé TTL/CMOS lam doz twong thir nghiém. Két qua trong
qud trinh thuc nghiém xac dinh pham vi mirc cong sudt ciia nguon phat tin hiéu tan sé cao
c6 thé lam anh huong dén su hoat dong cua thiét bi dién tir. Dong thoi bai bdo ciing de
xudt nhitng vmg dung khdc nhau diea trén nhitng dnh hwong nay.

Tiwr khoa: Nang luong dién tur truong; Tén sb cao; Pha hong mach dién tir; Mach tich hop (IC).
1. PAT VAN BPE

Sy phét trién nhanh ctia cong nghé k¥ thuét s6 va ban din di cho phép san Xudt mdy moc va
thiét bi dién tir thu nho, da chirc tinh nang, tdc do cao va sir dung ngudn dién ap thap cho hoat
dong ciia mach, dwa trén cong nghé ché tao mach phtrc tap va tién tién [1-3]. Céc thiét bi dién tur
hién dai d& dugc st dung rong rai trong gia dinh, cong nghiép va quén su. Tuy nhién, thiét bi
dién tir ngAu nhién hay ¢d ¥ nam trong mdi trudng dién tir truong, né c6 thé hoat dong khong
ding chirc nang hodc khong hoat dong. Sy hoat dong khong dung chirc niang hoac khong hoat
dong cua cac thiét bi dién tir c6 thé dan dén thuong vong hay tham hoa kinh té. Do do, tinh nhay
cam cua cac thiét bi dién tr véi moi truong dién tir cong sudt cao 1a van dé 16n duoc cac nha
khoa hoc tép trung nghién ctru [1-3]. Noi dung cua bai bao tap trung xem x¢ét tinh nhay cam cua
cac thiét bi dién tir véi moi truong xung dién tir cong sut cao, tir do, tinh toan muc cong suit
lam cho mach dién tir x4y ra sy c6 trong cac pham vi khac nhau.

Hong hoc cua cac thiét bi dién tir gdy ra boi nguy co tao ra cac tin hiéu nhiéu bén trong mach
dién tir do trudng dién tir bén ngoai birc xa vao. Trong mdi trudng xung dién tir, né c6 thé xam
nhap vao cac thiét bi dién tir mot cach ¢ ¥ hodc vo ¥ thong qua ddu vao, bd phan ghép ndi, day
dan két ndi.,... Trén mach dién tt, dién ap cta nhiéu dién tir va dong dién lam cho ban than mach
dién tir hoat dong dung chirc ning két hop véi nhau co thé gay ra su cd hodc pha hity cac thiét bi
dién tir. Nhu vy, birc xa dién tir c6 thé gy ra hu hong vinh vién cho cac thiét bi ban dan. Ddi
v6i nhitng trudng hop nhu vay, viéc phan tich méi truong dién tir la can thiét. Myc tiéu cua bai
bao nay tinh toan murc cong suit anh huong t6i cac thiét bi sir dung vi mach ky thuat s6 (IC ho
TTL/CMOS) khi c6 song dién tir cong sut cao tac dong. Bai bao co cAu triic gom 4 phan, trong
phan 2 trinh bay dac trung co ban cua cac ngudn xung dién tir truong (EMP), anh hudng cua
EMP cong suit cao téi cac mach dién tir, thi nghiém xéc dinh tham s6 cuong do dién truong,
phan 3 trinh bay cac budc tinh toan gi4 tri cong suit nguon phat tin hiéu tan sd cao véi nhiing
diéu kién nhat dinh va cac nhan xét két qua tinh toan, két luan va dé xudt cac linh vuc ung dung
dugc trinh bay trong phan 4.

2. NGUON XUNG PIEN TU TRUONG CONG SUAT CAO

2.1. Pic trung ciia ngudn xung di¢n tir cong suit cao
Theo [1, 2] d4 c6 co s& khiang dinh ring EMP véi cudng d6 dit manh trong dai tan tir 200
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MHz dén 5 GHz c6 thé gay ra sy ¢b hodc pha hily cac mach dién tir. Didu gy ra su ¢b hodc pha
huy trong mach dién tur thuong duge goi la bure xa dién tir ¢6 chu ¥ hodc khong chu y. Tin hiéu
EMP str dung trong nghién ctru 1y thuyét va thuc nghiém la mét xung hinh “chit nhat”, "vuong"
hoac lién tuc.

EMP duoc dac trung boi:

- Dang néng lugng;

- Dai tn sb hoac phé;

- Dang song: hinh dang, thoi gian tdn tai (d0 rong xung) va bién do.

2.2. Hiéu trng cia HPM ddi véi mot hé thong dién tir

EMP véi cudong d¢ dd manh lam cho mach dién ti hoat ddng khong dung chirc nang von ¢
cua nd duoc goi la HPM. Hiéu ung cia HPM d06i voi mach dién tir 1a mot hién tuong rat phuc
tap. Mot nguon nang luong dinh hudng phat ra tin hiéu HPM, xuyén qua vo6 bao v¢ va kich thich
hoat dong cia mach bén trong. Kich thich HPM tao ra cac hi¢u trng c6 kha nang géy ra su co hé
thong hodc géy ra thiét hai vat Iy cho mach.

Trang thai cua mach dién tir khi bi anh huong cia HPM thudong dugc phan loai theo muc do
anh hudng cta chung, bao gom:

"Khéng nhdn biét" - Trang thai “Khéng nhdn biét” gy ra boi cac tin hiéu HPM lam gian
doan chirc ndng cua mach dién tur (mach) trong thoi gian ton tai HPM ma khong gdy ra bat ky
thiét hai lau dai nao cho mach. Mach bi anh huong s€ tré lai hoat dong binh thuong sau khi mét
tin hi¢u HPM. Trang thai nay con duoc goi la "gay nhicu".

"Mt chire nang" - Trang thai "Mt chirc nang" cua mach gy ra boi tin hiéu HPM nhung it
hodc khong giy thi¢t hai cho mach, chi cic phan tr trén mach bi dnh hudéng. Tuy nhién, trang
thai nay van con sau khi HPM két thic. Mach phai duoc khéi dong lai d€ hoat dong binh thuong
(HPM khién hé thong may tinh bi treo, can phai khdi dong lai).

"Hong héc" - Trang thai "Hong héc” cia mach gy ra boi tin hiéu HPM, dan dén phé v cau
trac vat 1}'/~cﬁa cac vat liéu tao nén IC ho TTL/CMOS cua mach. Né‘baﬂo gom danh thljmg mat
ghép ho dan cua ban dan, thay doi tré khang do hi€u ing nhiét,... V& tong thé mach can duge
thay thé mét so phan tr cu thé dé mach lai hoat dong binh thuong.

"Phé hity" - Trang thai " Phd hiy” ctua mach gdy ra boi tin hiéu HPM, 1a sy ¢ nghiém trong
nhat ma HPM co thé gy ra cho mach dién tur. Sy pha huy xay ra khi buc xa nang lugng dién tur
truong cong suat cao vao mach dién tir va khién nhi€u thanh phan cua mach bi pha hiy khong
the khac phuc dugc. Muc d9 phé huy gay ra doi hoi phai thay the toan bo mach.

2.3. X4c dinh tham s6 truwong dién tir inh hwéng dén mot hé thdng dién tir
2.3.1. Thi nghiém xdc dinh tham 56 truong dién tw
Két qua cta cac cong trinh [1-3] dwa ra md hinh thyc nghiém sy anh huéng cua HPM ddi véi IC.
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Hinh 1. M6 hinh thuc nghiém sw anh hieong ciia HPM doi voi IC.
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Dé xac dinh tham sb truong dién tir gdy ra “sy pha huy” va “sy ¢6” cta IC ngudi ta sir dung
mdt Budng hap thy, bén trong no6 lap dat: May phat tin hidu tan sd cao c6 cong suat co thé dicu
chinh tr (0+3) kW, tan s trong khoang (2,4+2,5) GHz (magnetron); Bo éng song; Tai hép thu;
Mach dién tur lap rép IC ho TTL/CMOS két néi véi Mach quan sat trang thai (LED) va Mach c6
dién trd ngén mach thong qua Cap tin hiéu dién khong boc kim dang Bus, bé phan nay goi la dbi
tuong thi nghiém. D6i twong nay duoc bd tri gin véi bo dng séng; quan sat trang thai bén trong
cua mach khi magnetron hoat dong dung Camera chuyén dung. Bén ngoai Buong hép thu két ndi
cac thiét bi: Diéu khién tir xa dé dleu chinh muc cong suét ra clia nguon tan s0 cao, Mdy phén
tich phd dé xac dinh cong sudt va tan sb ciia ngudn phat, Nguon dién cung cip ngudn cho mach
LED va mach do dong thoi s& cho biét mach hoat dong dung hay khong ding véi chirc ning da
thiét ké, Thiét bi do dac tham s6 dién, may do dién ap s& ghi lai cac gia trj twong g, va bo phén
Hién thi giam sat két ndi v6i camera chuyén dung s€ quan sat dugc trang thai ciia mach. Théng
ké cac két qua duoc thé hién & biéu do hinh 2 va bang 1.

IC dung cho thi nghiém la cac IC ché tao theo cac cong nghé sau:

- Transistor ludng cuc dong Schottky cong sudt thip, dién ap hoat dong 5V (ki hiéu TTL -LS-);

- Transistor ludng cuc dong Schottky cong sut chuyén mach nhanh, dién 4p hoat dong 5V
(ki hiéu TTL -F-);

- Transistqr hiéu ng truong kim loai - oxit ban dan dong tdc do 1am viéc cao, dién ap hoat
dong tr 5V dén 15V (ki hiéu CMOS -HC-);

- Transistor hiéu rng tr}r(‘mg kim loai - oxit ban dan dong tdc d6 1am viée cao co chéng nhiéu,
dién ap hoat dong tir 5V dén 15V (ki hiéu CMOS -HCT-).
2.3.2. Két qua thi nghiém

Trong qua trinh thuc nghiém, quan sat hai trang thai “Hoéng hoc” va “Pha hiy” ciia mach. Xac
dinh cac tham so:

- Ngudng cuong do dién truong xay ra “Hong hoc” cia IC (NHH);

- D4i cuong dd dién truong xdy ra “Hoéng hoc” cua IC (DHH);

- Ngudng cuong do dién truong xdy ra “phd huy” IC (NPH);

- Dai cuong d6 dién trudng xay ra “pha hiy” IC nhu bi chay, nd,... (DPH).
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Hinh 2. Biéu do héng héc va pha hiry ciia CMOS/TTL.
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Trén co s biéu d6 ¢ hinh 2, chung ta xay dung dugc bang tham sé cudng do dién truong:
Bdng 1. Gid tri cuong do dién truong gdy “hong hoc” va “pha hiy” cho IC.

CMOS CMOS TTL TTL
-HC- -HCT- -LS- F-
NHH (kV/m) >9,3 >6,4 >8 >12,2
DHH (kV/m) 9,3-10,3 6,4-7.2 8,086 122125
NPH (kV/m) 10,3 7.2 8,6 125
DPH (kV/m) >10,3 >72 >8,6 >12,5

Gia tri cuong do dién truong gay ra cac dang su c¢b cua mach dién tur trén la co s¢ tinh toan
cong suat ngudn phat xa gay hu hong mach dién tir trong thyc té. Theo bang tham sb trén, gia tri
cuong do6 dién truong dé tinh toan cong suit ngudn phat xa ly gia tri 12,5 kV/m.

3. TINH TOAN CONG SUAT VA THAO LUAN

3.1. Mo ta bai toan

Song truyén trong khong gian tu do (dong nhit, ddng hudng, khong hap thu); Nguon phat xa
1a ddng hudng, anten c6 goc mé 15° va hé sé khuéch dai 20 dB; Mat d6 dong cong suét trén don
vi dién tich vudng goc v6i hudng lan truyén 1a khong doi trén dién tich mat cat clia gbc mo cua
anten trén; Mach dién tr su dung cong nghé TTL/COMS dat cach anten nguon Rhat xa mot
khoang céach r; Ching ta can tinh toan mic cong suat twong rng ciia nguon phat xa d€ mach dién
tr xay ra cac trang thai héng hoc.
3.2. Mbi truong truyén song

Mai truong truyen song 12 moi truong dong nhit, ddng hudng va khong hép thu, song vo
tuyén dién khi truyen lan tir diém phat dén diém thu s& di theo dudng thang. Trong thyc té voi
16p khi quyén qua dat chi trong nhiing diéu kién nhét dinh, khi tinh toan ciing c6 thé coi nhu méi
truong chan khong.
3.2.1. Tac dong ciia méi truong truyén séng

- Lam suy giam bién d¢ song;

- Lam méo dang tin hi€u tuong ty;

- Gay 16i dbi véi tin hiéu sé do nhiéu.
3.2.2. Nguyén nhan suy giam cuong do dién truong

- Sy phén tan ning luong birc xa khi lan truyén (suy hao khoang cach);

- Sy hip thu ctia méi trudng (t6n hao nhiét);

- Su nhiéu xa song (tan xa );

- Su tan sac.
3.3. Tinh to4n cong suit

Mach dién tr chiu sy anh hudng cta HPM o bbn trang thai: "'th”)l}g nhén biét"; "Mat chirc
nang"; "Hong hoc" va "Pha hay". Trong phan tinh toan cong suat ngudn phat, bai bao gidi han
tinh cho trang thai "Pha huy" mach dién tu.
3.3.1. Mdt do thong hm’ng cong sudt, cuong do dién triong

Gia thiét c6 mot nguon burc xa vo hudng (dang hudng) co cong sut phat P(W) dat tai diém A
trong moi trudng khong gian ty do 14 mdi trudng dong nhit ding hudng va khong hip thy, c6 hé
s6 dién moi twong ddi & = 1. Xét truong tai mot diém M cach A mot khoang r (m).

Vi ngudn bue xa 1a v6 hudng, moi truong ddng nhit va dang huéng nén néng luong song

dién tr do nguon buic xa s& toa déu ra khong gian thanh hinh cau. Nhu vy, mat do cong suét &
diém M cach ngudn phat xa mot khoang r s& duoc xac dinh bang cong thirc sau:
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)

Y 4mr2 \m?2
Trong do: Si 1a mat o cong suat tai diém M; Py la cong suat nguon birc xa.

Hinh 3. Bitc xa ciia nguon birc xa vé hwéng trong khéng gian tw do.
Theo 1y thuyét trudng dién tir, ta co:

Si = EhHh (%) (2)
E A
Hn = 12811 (E) @)

Trong d6: En(V/m), Hy(A/m) la gia tri hiéu dung ctia cuong do dién trudng va tir trudng; 1207
la tré khang song ctia khong gian tu do (Q)
Thay cong thire (3) vao (2), ta dugc:
2

; 4
= ) @
So sanh cong thirc (1) va (4), ta co:
30P
E, = —(V/m) (5)

Nhan xét: Cudong do dién trudng cta song vo tuyén dién truyén lan trong méi trudng dong
nhit dang hudng va khong hip thu ty 1& thuan véi can hai céng sudt birc xa va ty 1& nghich véi
khoang cach. Khi khoang cach téng thi cuong d6 dién truong giam vi nang luong séng toa rong
ra khong gian, con goi 1a sy khuéch tan tat yéu cia song. bé han ché sy khuéch tan nay ngudi ta
sir dung cdc bo birc xa c6 nang luong tap trung vé hudng can thong tin dé lam tang cuong do
dién truong 1én. Be lam duogc didu nay ching ta sir dung cac anten c6 hudng, véi hé sb hudng
tinh D hodc hé sb khuéch dai G.

Néu ngudn birc xa c6 hudng, luc d6 ning luong cua séng vo tuyén dién s& duge tap trung vé
hudng diém M dugc biéu thi be"mg hé s6 hudng hay hé s6 khuéch dai nhu chi ra trén hinh 4.

~ .
R4 Y I

Bucxa : (P,)
vO huo‘ng |

Hinh 4. Nguon birc xa cé hirdng.
Trong truong hop niy, mat do cong suat duge xac dinh theo cong thirc:

Phd t(W/ ) (6)
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Trong d6: Pyq 13 cong suat hiéu dung (cong suat giy hong mach dién tir).
Khi d6, cudng do dién truong s& duoc tinh theo cong thie (cu ly r (m), cong suat phat Pt(W)):

E, = —”gof"th (V/m) (7

3.3.2. M6 hinh tinh todn trong thuec té
CAu trac nguén phat xa dugc thé hién trén hinh 5:

Cylyr

Ngun ¥ | Gonimoly) o vlien
Cong suit P, (mach dién t¥)
Tién 50 f=c/i Hé théng éng song Pyy

(ton hao L)
Nguf’in Anten
dién ap (hé sé khuéc dai G,

Hinh 5. Cdu tric nguén bute xq dién tu.

P: cong suat ngudn phat xa can tinh; Hé théng ong song truyén ning luong siéu cao tan tir
mAy phat t6i anten c6 hé s ton hao Ly; Anten kiéu loa, goc m& 15° va hé sé khuéch Qai Gy, Mach
dién tur dat tai vi tri S cach mat m¢ cua anten mot khoang r; nang luong si€u cao tan truyén tir
anten t61 mach dién tir bi ton hao mot hé so6 L.

3.3.3. Cac budéc tinh toan
Theo hinh 5, Cong suét buc xa déng hudng hi€u dung tai vi tri S dugc tinh:
Phd (dBm) = Pt X Gt/ Lt
Phd(dBW) = P; (dBW) + G; (dBi) — L; (dB)
Theo céc gia thiét d noi & trén:
Pha(dBW) = P (dBW) + 20 -2
Pha(dBW) = P; (dBW) + 18
Bién dbi (7), v6i G; = 20 dBi va Eppax = 12,5 kV/m:

2

En 5] * rlm]
PralWl = 3(0};[{?)](&[7;3?/1)0) ©

Thay r bang cac gi tri khac nhau, sau khi tinh dugc cac gia tri Ppg d6i ra dBW, ta s& tinh dugc
cac gia tri cua P, twong Gng, va c6 bang sau:
Bing 2. Gid tri cng sudt nguon phat “phd hity” IC.

r (m) 1 5 10 15 30 50 1000

Pt (kW) 0,832 20,650 82,600 185,780 743,020 | 2.065,38 | 826.040

Nhan xét:

- Gia tri cuong do dién truong sir dung dé tinh 1a 12,5 kV/m, gi4 tri nay giy “pha hiy” mach
dién tir (bang 1), nhu vay, véi cong suat ngudn phat xa nhu trén va st dung anten dinh hudéng c6 hé
s0 khuéch dai 20 dBi, khi mach dién tir dat trong pham vi r tuong tmg (bang 2), n6 s€ bi pha huy.

- C6 thé sir dung vat liéu ché tao anten co héﬂsé hudng cao ma khong lam suy giam cong dung
cua no thi cong suat nguon phat giam di dang ke.

- Gi4 tri cong suat tin hiéu tan sd cao da tinh dugc phu hop voi gia tri cong suét cla cac bd
dao dong tan sO cao ma cac hang trén the gioi da che tao duoc.
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4. KET LUAN

Duya trén két qua nghién ciru da duoc cong bd, chung ta thdy HPM 1am cho mach dién xay ra
céc trang thai: "Khong nhan biét", "Mat chtic nang", "Hong hoc" va "Pha hiy". Bai bao ciing da
thong ké dugc gia tri cudng do dién truong lam cho mach dién tir "Hong hoc" va "Pha huy".

D3 tinh toan dugc gia tri cong suit cia ngudn phat tai mot s6 khoang cach (giira ngudn phat
va mach dién tir) khac nhau, ma tai cac khoang cach dé6 mach dién tir bi "Pha huy". biéu nay mé
ra nhitng tmg dung cia HPM trong cac linh vuc trat ty x3 hoi va qudc phong an ninh. Vi du nhu
ché tao thiét bi vii khi dién truong dinh hudng.
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ABSTRACT

EVALUATING THE EFFECTS OF HIGH FREQUENCY
ELECTROMAGNETIC RADIATION TO ELECTRONIC DEVICES

Electronic circuits whose main components are discrete semiconductor devices or
integrated circuits (ICs) tend to grow smaller. As such, the voltage provided for the
operation of the circuit is becoming lower. The electromagnetic interferences from the
power source typically are significant enough to intentionally or unintentionally penetrate
semiconductor electronic devices, causing degradation and sometimes event failures in
electronic circuits. This paper studies the power limits of high frequency (HF) signal
sources to prevent failures in electronics circuits. Experiments are done in a transmitter
power supply, consisting of a waveguide system, an oscillator (magnetron), some other
accessories, and an electronic circuit integrated with 1Cs made by TTL/CMOS technology
as test objects. The results during the experiment can help determine the power level limit
that can affect the electronic equipment’s operation. We also propose several applications
that can apply in practical systems based on these findings.

Keywords: High Power electromagnetics - HPEM; The particular field; Interesting subject.
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