Nghién ciru khoa hoc cong nghé

NGHIEN CI’J’U?CAI TIEN‘MAS{ PHAT SIEU CAO TAN
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Lwong Vian Trinh'", Trin Ngoc Sang?

Tém tit: Bai bdo trinh bay két qua nghién civu cdi tién mdy phat siéu cao tan cong sudt
I6m stk dung dén séng chay, bang linh kién tich hop va cdc ban dan khuéch dai cong sudt
siéu cao tan. Tién hanh thir nghiém thyc té dé danh gid kha néang lam viéc, dg on dinh va
dong bé hé thong.

Tir khoa: Siéu cao tin; Dén song chay; Khuéch dai cong suit.
1. PAT VAN PE

Trong cac dai ra da véi may phat siéu cao tan sir dung dén song chay, dé khuéch dai cong suét
cac tin hiéu buc xa bang tén X véi cong suat xung cyc dai dén 4,5 KW, cho phép diéu chinh mirc
suy giam dat muc cong suat phat ciia dai. Pé dam bao hoat dong cho cac den song chay, phai
cung cap nguon cao ap +3,5 kV; +8,6 kV va -9,6 kV [1, 2]. Cac ngudn cao 4p nay dugc nin tir
ngudn bién thé 3 pha, din dén phat nhiét rit 16n va danh lia cao ap, trong qua trinh hoat dong
phat sinh nhiéu hong hoc, nhat 1 phan cao  ap. Viée nghién ciru cai tién may phat siéu cao tan sir
dung dén séng chay trén co sd cac bd khuéch dai ban din cong suét 16n va linh kién tich hop c6
¥ nghia khoa hoc, dap tmg nhu cau thyc tién trong cong tac bao dam k¥ thuat cho trang bi.

2. HOAT PONG CUA MAY PHAT SU DUNG PEN SONG CHAY

Nghién ctru hoat dong ctia may phat dai ra da st dung dén séng chay 1am viéc & bang tan X
nhu sau, cac tin hiéu dau vao gdm tin hiu cao tan diéu ché xung v&i d6 rong t = (0,3 = 820) ps,
hodc didu pha manip 13 phan tir, hodc gia ngiu nhién véi do rong xung 16n hon 6,5 duoc hinh
thanh trén 12 tan s trong dai tan (9,25 + 9,45) GHz véi cong suit (3+10) mW. Ddong thoi, nhan
duge xung kich vuot truéc AM2 dé tao xung kich va dong bo toan dai [1, 2].

Pé dam bao cong sut phat cuc dai dén dén 4,5 kw, tuyén khuéch dai bao gém tﬁng khuéch
dai cong suat 250 mW, ting khuéch dai cong suat 300 W, ting khuéch dai cong suat 4,5 KW.

May phat cho phép thay ddi mic cong suit phat bang hé thdng chuyén mach 6ng din song
v6i cac mirc suy giam khac nhau va tai hap thy. Thay ddi cong suit phat dugc thuc hién theo cac
tin hiéu diéu khién: suy giam 0 dB (tvong dwong cong suét phat 4,5 kW), 10 dB (160 W), 20 dB
(16 W), 30 dB (1,6 W), 40 dB (140 mW), 50 dB (14 mW), 60 dB (1,4 mW).

Céc ché d6 suy giam khac nhau duoc thyc hién bang thay doi cac vi tri chuyén mach ng dan
song va sb ting khuéch dai. Trong ché d6 suy giam 0 dB, tin hiéu cao tin diéu ché xung tir diu vao
duoc khuéch dai bang ba tang khuéch dai cong suat 250 mW, 300 W va 4,5 kW, qua bo ghép dinh
hudng dua ra trén mit bich cta khdi may toi hé thong anten - fider dé birc xa ra khong gian. Ché
d6 suy giam 10 dB, 20 dB va 30 dB, tin hiéu cao tin dugc khuéch dai qua hai ting khuéch dai cong
sudt 250 mW va 300 W, tﬁng khuéch dai cong suit 4,5 KW trong ché do dan. Ché do suy giam 40
dB, 50 dB va 60 dB, tin hiéu siéu cao tin dugc khuéch dai biang ting khuéch dai cong suit 250
mW, qua chuyén mach 6ng dan song dua t6i tang khuéch dai 4,5 KW trong ché d6 dan va ra anten.

Dé diéu khién va dam bao may phat hoat dong df”)ng b, c6 cac khdi diéu khién, khdi tao xung
kich va dong b toan dai. Kiém tra kha nang lam viéc ctia may phat duge thuc hién theo tin hiéu
béo tét. Tin hiéu bao tot may phat duoc tong hop tir cac tin hidu bao tot khéi tao tin hiéu phat
“fi”,... “f12”, tin hiéu bao tot diéu kién lam viéc “Nhiét do tiéu chuan”, “chét 1ong tiéu chuin”,
“Tét vao”, “Tot ra”; tin hiéu su ¢b “Danh thung CBY”, “Ngét CBY” cua cac tﬁng khuéch dai.

Nguon cao ap +3,5 kV; +8,6 kV; -9,6 kV va cac ngudn so cap dugc nan tir ngudn 3 pha
~220 V/400 Hz.
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Hinh 1. So do chiic ning mdy phat (Khoi nét dit giiv nguyén).

Trén co s¢ nghién ciru hoat dong cua may phat si€u cao tan bang tan X st dung dén song
chay, yéu cu vdi cong xuat Xung cuc dal dén 4,5 kW, ché d6 phat xung voi do rong xung dén
820 ps va ché do gia ngiu nhién voi d6 rdng xung 16n hon 6,5. Bai bao trinh bay giai phap cai
tién may phat trén co s¢ cac bd khuéch dai ban dan siéu cao tan cong suat 16n va linh kién tich
hop. Tuy nhién, van giit nguyén tang khuéch dai cong suit 4,5 KW trén dén song chay va khdi
chuyén mach 6ng dan song, do hién nay chua c6 linh kién dam bao dé thay thé tuong duong.

3. NGHIEN CU'U CAI TIEN MAY PHAT

Trén co sé nghién ciru cu triic, chire ning, do dac cac tham sé k¥ thuat va khao sat hoat dong
céc khdi may ciia may phat, thuc hién thiét ké nguoc dé cai tién timg khéi may doc 1ap.

Khéi diéu khién dung dé diéu khién va kiém tra kha ning lam viéc cia may phat, bién d6i cac
tin hiéu déu vao 1a cac 1énh didu khién: “Cao ap 17, “Cao ap 27, “Anten/Tai”, “Suy giam 1P”,
“Suy giam 2P”, “Suy giam 3P” thanh tin hi¢u dleu khién khi chuyen mach ong song dé diéu
chinh muc cong suét phat, dong role cao ap va cap soi d6t cho timg tang khuéch dai. Cho phep
diéu khién mirc cong suét phat, bang cong tac trén mat khdi 2-2-1 khi ddt ¢ ché do didu khlen tai
chd. Ngit cac tang khuéch dai cong sudt khi khong c6 tin hiéu kiém tra vi tri chuyén mach éng
song va tin hiéu “Bao tot”. Hinh thanh tin higu kiém tra cép cho hé thong diéu khién va xu ly
du¢i dang ba chudi ma nhi phan “Suy giam 1P.K”, “Suy giam 2P.K”, “Suy giam 3P. K” dé bao
hiéu vi tri éng song tuong Umg v6i mirc suy giam cong sudt phat. Téng hop tin hiéu “Nhiét do
tiéu chuan”, “Chét 16ng tiéu chuan”, “Bao tot may phat”, “Sin sang m& cao ap”, “M& cao 4p”,
cho cac khéi chirc ning trong may phat. Hién thi dau hiéu mé cao ap va su hoan hao cua khéi
may [1, 3].

Tham sb k§ thudt co ban cua khéi 2-2-1 gdm dién 4p tin hiéu didu khién dau vao +27 V, dién
ap tin hiéu kiém tra ddu ra +12 V. Khéi duoc thiét ké tir cac khéi chirc nang sau: hinh thanh tin
hiéu dau vao thuc hién trén triger Smit, khéi giai ma st dung dit, bo chuyén mach tin hiéu
logic, bo bién d6i tin hiéu mirc logic TTL - CMOS, b bién dbi dién ap diéu khién dau ra +27 V,
cong tic diéu khién bang tay trén mit khoi, cac dén hién thi chi thi trang thai 1am viéc. Khéi diéu
khién cai tién duoc thiét trén co so linh kién ban dan va vi mach tich hop 1ap trinh cho phép dua
vao nhiéu chuong trinh tién ich, c6 thé diéu khién may phat lam viéc doc 1ap khong can hé thong
may tinh diéu khién cua dai, giup viéc kiém tra danh gi4, stra chita may phat mot cach doc 1ap.
Hinh 2 m6 ta Luu d thuat toan diéu khién va giam sat may phat [2, 4].
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Hinh 2. Luu do thudt todn ciia khéi diéu khién cdi tién.

Khéi tao xung kich va dong bd co cong dung kiém tra cac diéu kién dam bao can thiét cho
lam viéc ctia may phat nhu dién ap soi ddt, dién ap cao ap, hé thong 1am mat va cac diéu kién
dam bao khac. Tao cac xung kich déng bo cho cac tang khuéch dai cOng suit. Pua ra 1énh ngit
phat khi ¢o6 su ¢d hodc diéu kién an toan khong dam bao. Khdi tao xung kich va déng bo cai tién
dugc thiét ké trén co so linh kién ban dan va vi mach tich hop cho phép 1ap trinh. Trén hinh 3 mé
ta so dd chirc nang khdi xung kich va dong bo cai tién.
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Hinh 3. So do chitc ndng khéi tao xung kich va dong bé.
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Hinh 4. Khéi tao xung kich va dong bé trude, sau khi cdi tién.

Tang khuéch dai 250 mW ding dé khuéch dai tin hiéu siéu cao tan trong dai tir (9,25 + 9,45)
GHz v&i cong suat dau vao tir (3 + 10) mW, cong suat xung dau ra khong nho hon 250 mW, d6
sau hiéu chinh cong suat xung dau ra dén 12 dB, ché ap tin hiéu trén dau ra trong khoang cach
gitta cac xung phat khong nho hon 30 dB.
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Hinh 5. So do nguyén Iy tang khuéch dai céng sudt 250 mW cdi tién.

Tang khuéch dai 250 mW céi tién c6 so d6 nguyén Iy mé ta trén hinh 5. Tang suy giam dau
vao lya chon linh kién MAAT-010521 ctia haing MACOM véi dai tan lam viéc (5,8+12) GHz, hé
sé suy giam dén 30 dB, chiu duoc cong suat dau vao dén 30 dBm, dién ap diéu khién (+1+-6) V.
Tang khuéch dai st dung linh kién HMC487LP5E cua hang Hittite Microwave vdi dai tan lam
viée (9+12) GHz, hé sé khuéch dai dén 20 dB, cong sudt dau ra dén 36 dBm [5]. Khéi Y128M
dugc ché tao, thir nghiém trong phong thi nghiém dép tmg yéu cau k¥ thuat dit ra.
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Tang khuéch dai cong suat 300 W ding dé khuéch dai cong suét tin higu siéu cao tan diéu ché
xung, voi yéu cau tham so k¥ thuat:

TT Tham s Pon vi Gia tri
1 | Daitan sé lam viéc GHz 9,25:9,45
2 | Cong suat dau vao mw 120+200
3 | Chuan két ndi cao tan vao - ra SMA
4 | Tré khang vao - ra Q 50
5 | Cong suat dau ra w >300
6 | Heésb lap day % <10
7 | Dién &p nguon Vv +40

Tang khuéch dai cong suit 300 W cai tién ¢ cu triic mo ta trén hinh 6, dugc thiét ké trén co
sO transistor ctia hing Sumitomo cho khdi khuéch dai cong suit cudi. Transistor SGC8598-
200A-R cho phép cong suit bao hoa 200 W (tirc 53 dBm) ti da ¢ bang tan X. Nhu vay, khoi
khuéch dai cubi dam bao cong sudt ddu ra 300 W gdm 02 md dun 200 W, bd chia cong suit dau
vao va bo cong cong sudt dau ra. Mbi mé dun 200 W c6 hé sé khuéch dai 15 dB, yéu céu cong
suat dau vao dat 38 dBm, tinh thém bo chia 2 (tirc -3 dB) va suy hao -0,5 dB thi cong suit dau
vao mo dun 200 W phai dat 42 dBm [7]. D& dam bao mirc cong suat dau vao nay, can thém céc
khéi khuéch dai trung gian. Khéi khuéch dai trung gian dat cong suit bio hoa 50 W (47 dBm) st
dung linh kién CHGV96050F2 ciia hing Cree. Khdi cong suit 50 W ¢6 hé s6 khuéch dai 10 dB,
nhu véy, cong suat dau vao can 33 dBm. Dé dam bao mic cong suat dau vao cho khéi 50 W, st
dung linh kién CMPA601C025F cua hing Cree, dat cong sut bdo hoa 25 W (43 dBm). Khbi
cong suat 25 W c6 hé s khuéch dai rat 16n, c6 thé khuéch dai tin hiéu nhé 1én mirc 33 dBm. Tuy
nhién, @& dé dang hiéu chinh, lap thém khdi khuéch dai 158 mW cho phép tinh chinh mirc cong
suat ddu vao cho cac khdi khuéch dai sau. Khdi khuéch dai cong suit 25 W sir dung linh kién
HMC996LP4E cua hang Hittite [6].
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Hinh 6. So do chirc néing tang khuéch dai cong sudt 300 W cdi tién.

Dé dam bao an toan cho cac ting khuech dai, str dung phuong phap didu ché nguon & cong
drain cua transistor cong suat khi ngudn cung cip ¢ cong gate la nguon lién tyc. Ngudn duge
diéu ché theo xung kich phat (xung phat xa cia dai ra da), cac tang khuéch dai khong dugc cap
nguon giita cac lan phat xa.

Céc tang khuéch dai cong suat duge tich hop cac bo trich xuit tin hidu vao - ra dé cam bién
muc cong suat. Tang khuéch dai cong suat chi lam viéc khi du diéu kién va du cong suat dau
vao, bao tot cho khoi di€u khién. D€ dam bao hoat dong dong by cua mdy phat cling nhu toan
dai, tat ca tin hiéu diéu khién, bao tot, cam bién duoc chuan hda theo mirc.

4. KET QUA NGHIEN CUU

Sau khi ché tao cac khéi chirc ning ctia may phat, tién hanh do kiém danh gia chtc ning lam
viéc va céac tham so k¥ thuat trong phong thi nghiém. Tién hanh kiém tra voi cac tham so: tan so
phat f, = 9,3 GHz, cong suat vao Py =5 mW, ch¢ d6 phat xung, d6 rong xung phat tx = 5 ps. Két
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qua kiém tra, cac khdi ctia may phat hoat dong dung chirc ning va dap tmg yéu cau tham sb ky
thuat dat ra.

Hinh 7. Kiém tra xung kich va dong bé. Hinh 8. Kiém tra céng sudt va phé dau ra.

Tich hop cac khéi chtrc ning va ddng bd may phat, ddng bo may phat véi toan dai. Tién hanh
thir nghiém thuc té may phat cai tién khi tich hop voi dai ra da.

Hinh 9. May phat truée va cdi tién. Hinh 10. Dai ra da lam viéc
voi may phat cdi tién.

bai ra da voi may phat cai tién hoat dong dong bo, dam bao dap ng day du céc chire nang
hoat dong; cac ché do phat xung, diéu pha manip, gid ngau nhién; mirc céng suat phat twong ing
véi cac mue suy giam tir 0 dB + 60 dB.
Qua trinh lrép dat van hanh trén dai ra da cho thiy, may phat cai tién lam viéc 6n dinh, dong
bd véi cac khoi may va toan dai.
5. KET LUAN

May phat cai tién duoc thiét ké trén co sé cac vi mach tich hop va ban dan khuéch dai cong
suat siéu cao tan st dung dién ap thap (+5 V, £12 V, +40 V), cho phép loai bé nguon cao ap,
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giam cong sudt tiéu tan, giam phat nhiét. Viéc tich hop thir nghiém thanh cong may phat cai tién
cho phép cai tién dong bo dai ra da sir dung dén song chay. Dai ra da cai tién cho phép nang cao
tinh nang, dac biét d6 on dinh hoat dong va chu dong trong cong tac dam bao ky thuat.
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ABSTRACT

RESEARCH ON IMPROVING THE HIGH FREQUENCY TRANSMITTER
USING TRAVELING WAVE TUBE

This paper presents the results of research on improving the transmitter using traveling
wave tube based on the integrated components and ultra-high frequency power amplifier
semiconductors. Conduct practical integration testing to evaluate system performance,
stability and synchronization.

Keywords: High frequency; Traveling wave tube; Power amplifier.
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