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(57) Sang ché dé cap dén bd din dong mang nhi va may tro thinh nho gon, céc
bd phan va cac hé théng hd trg ciia may nay, ciing nhu cac phuong phap ludn
vao va thdo ra may ndy. My trg thinh nhé gon nay thuong bao gdm bd cam
bién, nhu micrd, khéi din dong, ngudn ning luong dé cip dién cho may tro
thinh nho gon, bd x1r 1y, va co cAu dan dong dugc boc trong vé ma dugc thiét ké
dé duogc ludn qua mang nhi trong phuong phap xam 1an tdi thiéu ding cho bénh
nhan ngoai tri. Khi hoat dong, micrd tiép nhan cic séng am va bién doi cac
song am nay thanh cac tin hiéu dién. Tiép do, bo xur 1y bién d6i cac tin hiéu dién
va cap cac tin hiéu dién nay dén co cdu dan dong. Co cau din dong bién ddi cac
tin hiéu dién thanh chuyén dong co hoc ma dan dong khoi din dong dé diéu

bién toc d hodc vi tri ciia mang nhi.
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Linh vie k§ thuét dwoge dé c@p

Noi chung, sang ché dé cap dén thiét bi tro gitip nghe va phuong phép chy
thiét bi nay. Cu thé hon, sang ché dé cap dén may trg thinh nhé gon duoc lap vao
trong Ong tai, vi du, vao hodc qua mang nhi, ma tao ra su bién dbi rung dong dé
diéu bién tdc do hodc vi tri clia fne‘mg nhi.

Tinh trang k¥ thuét cia sang ché

May tro thinh 13 d4 biét rd va thuong bao gdm micrd, bd khuéch dai, va loa.

Thong thuong, micrd tiép nhan séng 4m va bién dbi song nay thanh tin hiéu dién,

b6 khuéch dai khuéch dai tin hidu dién, va loa bién dbi tin hi¢u dugc khuéch dai

thanh séng 4m dugc khuéch dai ma truyén rung dong dén mang nhi hoic mang tai

trong tai. Thong thuong, mdy tro thinh lip bén ngoai dng tai, cu thé 1a quanh tai

ngoai. My tro thinh lip bén ngoai c6 uu diém v& kha ning tiép can dé thay thé pin
va diéu chinh am luong. Tuy nhién, nhidu ngudi st dung thdy rang may trg thinh
l4p bén ngoai nhu vy la twong déi 16n va c6 thé bi phan ddi vi ly do thim my va

tinh thoai mai.

Dang thay thé cho mdy tr¢ thinh lip bén ngoai 1a may trg thinh 1ap bén trong
duge bd tri trong 6ng tai clia ngudi st dung. Méy trg thinh lp bén trong thong
thuong tao ra bé ngoai thAm my t6t hon, nhung cling ¢ cac nhugc diém. Vi du,
may trg thinh lép bén trong thong thudng chin phén 16n, néu khong phai toan bd,
dudng kinh 6ng tai. Su chin nhu vay ¢6 thé khién cho co thé ctia nguoi st dung tao
ra luong ray tai qua nhiéu trong ng tai va c6 thé 1am nhiém bén tai. Hon nita, viéc
chin dng tai can tro su truyén tu’ nhién cta séng 4m qua 6ng tai va tic dong tiéu cuc
dén chat luong nghe. Trir khi nguoi st dung bi suy giam nghe toan b, kha néang bét
ky ctia mang nhi dé ghi lai séng 4m xuat hién tw nhién bi giam hogc bi loai bo. Bdi
vay, nguoi st dung gan nhu phu thudc vao do trung thye 4m clia mdy trg thinh. Hon
nita, may tro thinh lap bén trong thong thudng van c6 thé nhin thy mot chut trong

ong tai.
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Mot s6 thit bi nghe phan phéi thong tin nghe dén tai nhd bd bién doi dién
tlr. Micrd va bd khuéch dai truyén tin hiéu dién tir dén bo bién ddi ma bién dbi tin
hiéu dién tir thanh rung dong. Cac rung dong nay lam rung mang nhi hodc cac phan
cua tai gitta ma truyén cac xung am khong c6 su bién d6i trd lai song Am thanh. Vé
mit lich s, nam cham riéng biét, hodc co cdu dan dong thich hop bét ky, duoc lép
& xa & hodc gan mang nhi. Tuong tac giita cac tir truong cua bd bién dbi tiép nhan
tin hiéu dién t va nam cham dugc lép & hodc gﬁn mang nhi lam cho nam cham
rung dong va béi vay truyén co hoc 4&m thanh nho rung dong dén tai & dc tai. Tuy
nhién, thong thudng, phén con lai ciia may tr¢ thinh duoc ludn vao 6ng tai hodc trén
tai ngoai va c¢6 thé gay ra cac vén @& néu trén. Hon nita, cac bd bién d6i va/hodc cac
nam chdm cua may tr¢ thinh dugc lap theo phuong phap x4m 14n tuwong d6i. Vi du,
mot bd bién ddi tiép xic c6 nam cham duoc lap dat bang cach khoan qua xuong
chiim, cét qua mang nhi, khoan cyc nho cAu trac xuong, va bt nam chidm vao mot
hodc nhiéu xuong tai gitta bét ky. Phuong phap nhu vay thuong la dau va tén kém,

va c0 thé ¢b bién chiing nghiém trong.

Nhu néu trén, c6 cac loai may tro thinh khac nhau ma dugc st dung dé
khuéch dai va truyén séng am dén trung tdm nghe cia ndo dan dén sy nhan thirc am
thanh. Tuy nhién, may trg thinh thong thuong khong ngén chan theo cach chon loc
cac song am dugc tao ra boi nhidu nén va phéng to qua mirc nhiéu trong khi truyén
dong thoi 11 n6i binh thudng va céc tin hiéu am mong mubn khéc. Su ngin chin
nhidu c6 thé duoc st dung béi cac phi hanh gia trong cac nhiém vu dai han nhu
tram khong gian qudc té hodc nhiém vy sao hoa ma mudn ngin chin theo céach lya
chon nhiu nén duge tao ra béi thiét bi quay, hé théng xir Iy khong khi, va hé théng
kiém soat moi trudng trong khi van cho phép phi hanh gia nghe cac séng am duogc
tao ra boi cac phi hanh gia khéc va céc tin hiéu 4m mong mubn khac. Su khuéch dai
céc tan sb chon loc ¢6 thé duoc sit dung trong hoat dong quan sy, trong do cac S(')ng
am duoc tao ra boi quan dich co thé dugc khuéch dai va gti dén trung tAm nghe cla
ndo trong khi tit ci cac séng am khac duoc truyén theo cach binh thuong. Ngoai ra,
cac loai may tro thinh truyén théng khong cho phép nguoi sir dung tiép nhén céc tin
hiéu hodc cac séng am ma khong thé nghe duoc v6i ngudi binh thuong, nhu trong

truyén thong ngam.
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Do d6, trong Iinh vuc k§ thudt nay cAn c6 mdy tro thinh cai tién ma c6 thé
dugc ludn vao trong 6ng tai va/hodc qua mang nhi bang cach st dung phuong phap

phau thuat xam 14n t6i thiéu.
Ban chét k§ thudt ciia sing ché

Sang ché dé cap dén mdy tro thinh nho gon, cac bd phén cua no, va hé théng
hd trg ctia nd, cling nhu phuong phéap ludn vao va ldy ra may nay. May trg thinh
nh6 gon thuong bao gdm bo cam bién, nhu micrd, khdi din dong, ngudn ning
luong dé cép dién cho mdy trg thinh nho gon, bd xur ly, va co cdu din dong dugc
boc trong vé ma dugce thiét ké dé duoc ludn qua mang nhi trong phuong phap xam
14n t4i thiéu dung cho bénh nhan ngoai tra. Khi hoat dng, micrd tiép nhan cac séng
Am va bién ddi cac song am nay thanh céc tin higu dién. Tiép do, bo xit Iy bién doi
c4c tin hiéu dién va cp cic tin hidu dién nay dén co cdu dan dong. Co cu dan dong
bibn dbi céc tin hiéu dién thanh chuyén dong co hoc ma din dong khdi din dong dé
tao ra luc quéan tinh bén trong vo, va vé nay dugc cAu tao dé didu bién tc dd hoic

vi tri cia mang nhi.

Theo mdt phuong an, bo din dong mang nhi dugc md ta. B din dong mang
nhi bao gém it nhat mot khéi duoc cAu tao dé duoc b tri trén it nhit mot trong sb
phia & giita hodc phia bén ctia mang nhi cua ngudi s dung, va it nhit mot co ciu
dan dong dugc ghép ndi véi khoi nay va dugc ciu tao dé dugc b tri trén it nhat mot
trong sd phia & gitta hodc phia bén clia mang nhi hodc qua mang nhi clia nguoi su
dung, co cAu dan ddong duoc cAu tao dé bién ddi céc tin hiéu dién thanh chuyén

dong co hoc dé di chuyén khoi va dicu bién mang nhi.

Theo mot phuong an khéc, mdy trg thinh, ¢6 thé ludn qua mang nhi cia
nguoi st dung dé khuéch dai céac tAn sd nhit dinh va loai bd cac tan s khac, duoc
mod ta. May trg thinh nay bao gdém bo din dong mang nhi, bo dan dong mang nhi
nay bao gdm it nhat mot khdi duge cu tao dé duoc bb tri trén it nhat mot trong sb
phia & gitta hodc phia bén clia mang nhi cua nguoi su dung, va it nhét mét co cau
dan dong dugc ghép ndi voi khdi nay va dugc cAu tao dé duoc b tri trén it nhit mot

trong sb phia & gitta hodc phia bén clia mang nhi hodc qua mang nhi cia nguodi st
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dung, co cau dan dong dugc cau tao dé bien doi cac tin hiéu dién thanh chuyén

dong co hoc dé di chuyén khoi nay va diéu bién mang nhi cua ngudi sir dung.

Theo mot phuong 4n khac nita, may trg thinh, c6 thé ludn qua mang nhi cta
nguoi st dung dé khuéch dai cac tAn sb nhét dinh va loai bo cac tAn sb khac, duoc
md ta. May trg thinh bao gbdm v6 co bich thir nhét va bich th hai c6 ranh gitra do,
v0O nay bao boc micrd, bo xtr ly dugc ghép ndi v6i micrd, va bo dan dong mang nhi,
b6 din dong mang nhi nay bao gdm mot khdi, khéi nay cé pin thir nhat duge bo tri
trong bich thu nhét, va pin thir hai dugc b tri trong bich thit hai, pin thtr nhét duoc
cAu tao dé bd trf trén phia bén ctia mang nhi, pin thir hai dugc cAu tao dé bd trf trén
phia & gitta cia mang nhi, chi tiét ndi dé lién két pin thtr nht v6i pin thtt hai, chi tiét
ndi dugc chu tao dé bd tri qua mang nhi, va co cu din dong dugc ghép nbi v6i khoi
va duoc b tri trong chi tiét nbi, co cdu dan dong nay duoc cAu tao dé bién ddi cac
tin hiéu dién thanh chuyén dong co hoc dé di chuyén khéi nay va diéu bién mang

nhi cia nguoi st dung.
Mo ta van tat cac hinh vé

Vi vay cach trong d6 cac diu hiéu néu trén cua sang ché ¢6 thé duoc hiéu chi
tiét, sy md ta sang ché cu thé hon, dugc md ta tom tit & trén, co thé duogc thuc hién
dua vao cac phuong an, mot s& phuong 4n nay dugce thé hién trén céac hinh v& kém
theo. Tuy nhién, can luu y rang cac hinh v& kém theo chi thé hién cac phuwong an vi
du va do d6 khong duge xem 1a gi6i han pham vi clia né. Sang ché c6 thé bao gdm

cac phuong an hiéu qua twong duong khac.

FIG.1 14 hinh v& mit cit ngang so lugc cla su giai phau tai c6 may tro thinh

duoc ludn vao qua mang nhi ca no.
FIG.2 14 hinh chiéu bang so lugc clia mang nhi bén phai.
FIG.3 14 hinh v& phdi canh so lugc clia may trg thinh nho gon.
FIG.4 13 hinh v& mit cit ngang clia mdy trg thinh nhé gon trén FIG.3.

FIG.5 1a hinh chiéu bang ciia co ciu dén dong.

4/47



45318

FIG.6 13 hinh chiéu bing ciia co cAu din dong theo mdt phuwong 4n khac.

FIG.7 1a hinh vé€ phéi canh so luge cia may tr¢ thinh nhé gon theo mot
phuong an khéc.

FIG.8 1a hinh vé& phéi canh so luge cua mdy trg thinh nhé gon theo mot
phuong an khéc. |

FIG.9A dén FIG.9C thé hién mdy tr¢ thinh nho gon theo mot phuong an
khac.

FIG.10 13 so dd phuong phap dé ludn méy trg thinh nhé gon.

FIG.11A dén FIG.11B thé hién may tro thinh nhé gon trén FIG.9A dén

FIG.9C véi mot phén cua dung cu céy & cac giai doan céy khac nhau.
FIG.12 12 so db khéi ctia bd xtt Iy ASIC.

FIG.13 14 hinh v& mit cit ngang cta mdy trg thinh nhd gon c6 co ciu din

dong theo mot phuong an khac.

FIG.14 13 hinh v& mit cit ngang cia may tro thinh nho gon c6 co cdu dan

dong theo mot phuong 4n khac.
FIG.15A va FIG.15B thé hién dung cu cdy theo mét phuong 4n khac.

FIG.16A dén FIG.16C thé hién may trg thinh nho gon theo mdt phwong dn
khac.

FIG.17 thé hién hinh v& mat cét ngang so luge cua bd dan dong ctia may tro

thinh nho gon.
FIG.18 thé hién hinh v& mit ct ngang so luge ciia mdy trg thinh nho gon.

FIG.19 thé hién hinh v& mit cit ngang so luge cia bd din dong cla cua may

trg thinh nho gon.
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FIG.20 thé hién hinh v& mit cit ngang so lugc ciia bd dan dong cuia may trg

thinh nho gon.

FIG.21 thé hién hinh v& mit cit ngang tir trén xubng ciia mot phan bo dan

dong cia may tro thinh nho gon.

FIG.22 thé hién hinh v& mit cit ngang tir trén xudng ctia mot phan bo dan

dong ctia may tro thinh nho gon.

Pé tao diéu kién thuéin 1¢i cho viéc hi€u, cac so chi dan giong nhau da dugc
stt dung, néu co thé, dé bicu thi céc chi tiét giong nhau ma xuat hién trén cac hinh
v&. Du tinh ring céc chi tiét va dau hiéu ciia mot phuong an c6 thé duoc két hop

mdt cach co lgi trong cac phuong én khac ma khong dé cap thém.
M6 ta chi tiét sang ché

Sang ché dé cap dén may trg thinh nho gon, cdc bd phén clia nd, va cac hé
théng hd trg clia n6, cling nhu cac phuong phap ludn vao va thao ra may nay. May
tro thinh nhé gon thudng bao gém bd cam bién, nhu micro, khéi dan dong, nguén
ning lugng dé cip dién cho may tro thinh nho gon, bd xu 1y, va co cu dan dong
dugce boc trong vé ma dugce thiét ké dé dugc ludn qua mang nhi trong phuong phip
xam l4n t6i thiéu ding cho bénh nhan ngoai tri. Khi hoat dong, micrd tiép nhan cac
song 4m va bién ddi cac song Am thanh cde tin hiéu dién. Tiép d6 bd xir ly bién ddi
cAc tin hiéu dién va cép céc tin hidu dién nay dén co cau dan dong. Co cdu dan dong
bidn dbi cdc tin hiéu dién thanh chuyén dong co hoc ma din dong khéi dan dong dé

diéu bién toc dd hodc vi tri cia mang nhi.
Giai phau tai

FIG.1 1a hinh v& mit cit ngang so lugc cla su giai phiu tai 100 c¢6 may trg
thinh dugc ludn qua mang nhi cua nd. Tai bao gbm tai ngoai 110, 6ng tai 112 duge
ohép ndi v6i tai ngoai 110, mang nhi 114 duge bd tri gn dau gan cla bng tai 112 tir
tai ngoai 110. Céu tric cla tai ngoai 110 tao ra "phéu" dé huong va khuéch dai bién
dd ctia cac séng am vao trong 6ng tai 112. Chudi xuong nho 115, nim trong tai gitta

va duge bb tri trén phia & gifta ctia mang nhi 114 tir tai ngoai 110, két hop va

6
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khuéch dai cac rung dong tir mang nhi 114 dén tai trong c6 ciu tric xodn duoc biét

dué6i dang b tai 120. Oc tai 120 bién d6i cac rung dong thanh cac xung dén no.

May tro thinh, nhu may trg thinh 122, theo sang ché c6 thé dugc ludn qua tai
ngoai 110 vao éng tai 112 va it nhat mot phan qua mang nhi 114. Mdy trg thinh 122
thudng bao gdm bd cam bién, nhu micrd, va it nhat mot chi tiét kich thich mang nhi
dwge mo ta chi tiét hon dudi day. Méy trg thinh 122 thudng tiép nhan cac séng am
duogc dan tur tai ngoai 110 qua éng tai 112, bién dbi cac song am thanh nay cac tin
hidu dién hodc dién tir, va bién dbi cac tin hiéu dién thanh chuyén dong co hoc, ma
thuong dugce goi 1a hé théng truyén thing. Chuyén dong co hoc dugce st dung dé tac
dong dén mang nhi 114, va/hodc cac phén cia tai gifra va tai trong, lam rung dong
chudi xuong nhé 115, cu thé 1a xwong bua 118, xuong de 117, va cic xuong ban
dap 116. Ba xuong nay trong chudi xuwong nhé 115 tac dung nhu mot cum tay don
ma khuéch dai bién do cta cac rung dong tiép nhan bdi mang nhi 114. Cac xuong
ban dap 117 dugc ghép ndi véi dudng vao cla chu tric xodn duge bibt dudi dang dc
tai 120 ma cha chit luu cta tai trong. Cac rung dong co hoc clia cdc xuong ban
dap 117 lam cho chét Iuu phat trién xung chét luu ma 1am cho céc té bao nhu 16ng
nho (khong duge thé hién) trong ¢ tai 120 rung dong. Cac rung dong dugc bién d6i
thanh cac xung dién ma dugc truyén dén cic dudong dan than kinh & trung tim nghe

cta ndo dan dén su cam nhan Am thanh.

FIG.2 14 hinh chiéu bing so lugc ctia mang nhi 114 (mang nhi bén phai dugc
thé hién lam vi du). Mang nhi 114 thuong c6 dang hinh ovan ma thuong dugce kéo
vao trong mdt chut & tAm cua no, duge goi 1a méau 161 202, ma 13 noi cén xuong bua
(duogc thé hién trén FIG.1 va dugc mo ta 6 trén) dugc gén. Mang nhi dugc chia theo
khai niém thanh bdn goc phan tu: goc phan tu trén phia trude 204, goc phan tu duédi

phia trudc 206, goc phan tu dudi phia sau 208, va goc phan tu trén phia sau 210.
May tro thinh nhé gon va cac bo phén ciia n6

Séng ché dé cap dén may tr¢ thinh nhé gon, cdc bd phén cua no, va Qéc hé

théng hd tro ctia nd. Cac phuong an duge mo ta & déy dé xuit cac dang két cu vi

du ctia may trg thinh nhd gon duoc du tinh boi sang ché. Tuy nhién, cdc dang Kkét

cAu thich hop khéc bét ky ddi v6i may tro thinh ma didu bién toc do hoac vi tri cua
7
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mang nhi, bang cach didu bién truc tiép hodc gidn tiép, cling duoc dy tinh. Céc
phuong an tiép theo dé cap dén viéc Judn may trg thinh nhé gon mo ta qua mang
nhi, duéi dang vi dy; tuy nhién, mdy tro thinh nhé gon cling la loai dung mot lan &

cac vi tri khéc trong tai.

FIG.3 13 hinh v& phéi canh so luge clia may tro thinh nhé gon 300. FIG.4 1a
hinh v& mit cét ngang cua may trg thinh nho gon 300 trén FIG.3. Nhu dugc thé hién
trén FIG.3 va FIG.4, may tro thinh nho gon 300 dugc chira trong v6 301, vo nay
bao gdm hai phin bich 302 dugc ghép ndi boi phan ndi 304. Khi duoc cdy, hai phén
bich 302 dugc b tri trén cdc phia dbi nhau ctia mang nhi (ttrc la, mot phan bich &
trong tai ngoai va phan bich kia & trong tai gitta) va phan nbi 304, dugc thé hién &
dang 6ng hep dudi dang vi dy, nam ngang mang nhi. Phan ndi 304 thudng dugc bd
tri doc theo truc tAm ctia mdy trg thinh nho gon 300 hodc song song vOi truc tam

cua may trg thinh nhé gon 300.

Nhu dugc st dung & ddy thudt ngit bich dé cap dén mot phan cua may trg
thinh nhé gon mb ta, ma & phia bén hodc chu vi v6i phan gitra cia nd, nhu phan nd1

304.

Mot hoac nhidu bich va chi tiét ndi thudng tao ra thin ciia mdy trg thinh nho
gon. Nhu duge sit dung & day, thuat ngit than thudng dé cap dén mot hodc nhidu

bich va phﬁn ndi dudi dang mot bd phén.

Nhu duoc thé hién trén FIG.4, may trg thinh nhé gon 300 duogc bao boc boi
v4 301, vo nay chura céc b ph@n khac nhau ctia mdy trg thinh nhé gon 300. Céac bd
phén khéac nhau thuong bao g@)m it nhat mot cam bién 408, nhu micrd dugc cAu tao
d8 phat hién am thanh cAn dwoc xit Iy, mot khdi ma dugc the hién dudi dang ngudn
nang luong 410, co cdu din dong 412 duoc cAu tao dé bién ddi cac tin hiéu dién
thanh chuyén dong co hoc, va bd xtr ly 414 dugce cAu tao dé tro giup viéc xt ly tin
hiéu va bién dbi dién bing cach bién dbi cac tin hiéu dién va truyén cc tin hiéu
dién nay dén it nhat mot co cdu dan dong, cling nhu dé dan dong co cdu din dong
412 di chuyén khéi ma 13 ngudn nang lugng 410 trong vi du nay. Cung nhau, khdi

nay va it nhét mot co cau dan ddng tao ra bd din dong mang nhi. Theo cac phuong
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4n trong d6 ngudn ning lugng 410 1a ngudn ning lugng c6 thé nap lai dugc, may

tro thinh nho6 gon 300 cling thudong bao gbém mach nap lai 416.

Cam bién 408 thudong duogc ¢d dinh trong vé 301 va duge tao cAu hinh dé
iép nhan am thanh cAn dugc khuéch dai boi méy trg thinh nhd gon 300 va bién doi
cac song Am hodc cac tin hiéu 4m thanh cic tin hiéu dién hodc dién tu. Sang ché du
tinh micrd & dang cam bién 40.8 dué6i dang vi du; tuy nhién, du tinh ring cam bién
408 thuong 12 cam bién thich hop bat ky. Cam bién thich hop bao gdm, nhung
khong chi gi¢i han ¢, micrdé do nhay cao, micrd cua hé théng vi co dién 4p dién
(piezoelectric micro-electro-mechanical system: MEMS), micrd tinh dién, gia toc
ké, con quay hoi chuyén, va cam bién quang. Cac cam bién thich hop khac bao gdm
cac cam bién, ma dugc st dung dé nhan biét am dc tai (otoacoustic emission: OAE)
hodc 4p sut d& chan do4n nhidm khuan tai, hodc cac thay ddi khac vé nguoi st
dung hodc vé tinh ning va stic khoe thiét bi cua ban thin mdy tro thinh nhé gon
300.

Trong khi mot cam bién 408, ma 1a micrd, duge thé hién duéi dang vi du,
cac phuong an khac vé may trg thinh nho gon md ta & day bao gbm nhidu micrd
hodc cac cdm bién khac, ma cé thé duogc bd tri quanh m3t bén cua mdy tro thinh nho
gon, quanh mit ¢ gifta ciia may trg thinh nho gon, hodc trén ca mit & gitta 1an mit
bén ctia may tro thinh nhé gon. Theo cac phuong an khéc nita, mOt micrd, nhu cam
bién 408 dugc bd tri trong mdy trg thinh nho gon, va mot hodc nhiéu micrd khac
dugc bd tri & chd khac, nhu trong 6ng tai. Trong cac phuong an nhur vay, mot hodc
nhiéu micrd bén ngoai dugc két ndi truc tiép hoic, hodc mat khac thong voi, may

trg thinh nho gon 300.

Theo mot phuong 4n khac, cam bién 408 c6 thé dugc bd tri bén ngoai vo.
Theo mot phuong an khéc, may trg thinh nho gon 300 ¢ thé bao gém co cu din
dong thtr hai dé dam béo rang cam bién 408 khong di chuyén véi v6 hodc co céu
dan dong thu nhét. Theo mdt phuong an khéc nita, may trg thinh nho gon 300 co
thé con bao gdm bd lién két co hoc thu dong dé tach cam bién 408 ra khoi chuyén

dong cua vo hodc co cau dan dong thir nhat.
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Khdi ¢6 vat lidu khéi, bd phan, hodc dang két hop thich hop bét ky ciia cic
b6 phan, ma ¢6 thé dugc din dong dé didu bién toc do hodc vi tri cia mang nhi, va
¢6 thé bao gdm s6 phin thich hop bt ky, nhu phin thir nhét va phan thtt hai. Khoi
nay thuong co tbng trong lugng nam trong khoang tr 5 mg dén 40 mg. Vi dy, theo
cac phuong 4n bao gdm phan thir nhét va phan thit hai, mdi phan 12 mdt pin, trong
lvong thuong nam trong khoang tir 10 mg/pin dén 15 mg/pin (tdng trong luong lan

luot ndm trong khoang tr 20 mg dén 30 mg).

Ngubn ning lugng 410 thuong 1a ngudn nang lugng thich hop bat ky c6 dang
két cAu thich hop bét ky, nhu khdi don, pin mang méng c6 nhidu 16p xép chdng
theo phuong thang dung (vi du, tir 5 dén 20 16p), bod tao nhiét vo tuyén, siéu tu, pin
mang mong, hodc pin lithi (Li) ion truyén thong. Nhu duge thé hién trén FIG .4,
khéi nay 1a ngudn ning luong 410, ma c6 dang qua ta va dugc bd tri & gitta trong
may trg thinh nhdé gon 300. Theo phuong an nhu vay, ban than ngudn ning lugng
410 c6 thé dugc st dung lam khdi nay dé didu bién toc d6 hodc vi tri clia mang nhi.
Theo cac phuong an khac, nguodn ning luong 410 dugc bd tri & gifta hodc & phia
bén trong may trg thinh nhé gon va trén mot phia cua mang nhi. Theo cac phuong
4n khéc nita, nhu cac FIG.13, FIG.14, FIG.16A dén FIG.16C, FIG.17, va FIG.18,
mot hodc nhiéu phén khdi, nhu cac pin, duoc bd tri trén ca phia & gitta ]an phia bén
ciia mang nhi va co thé duoc ghép ndi bdi chi tiét ndi duge bd tri trong vé 301 nam
ngang mang nhi. Theo cdc phwong an khac nita, ngudn ning lugng va khéi nguor,
ma duoc ndi qua mang nhi, duge sir dung. Khdi nguoc thuong 12 khéi tro hodic khdi

khong hoat dong.

Theo mdt phuong an, dudng kinh cua ngudn ning lugng 410 nho hon hodc
bang 2,5 mm va chiéu cao nhé hon hodc bang 1,5 mm. Khéi ctia ngudn ning lugng
410 dugc chon dé téi da hoa do an toan cua viéc gitt may trg thinh nho gon trong
mang nhi va/hodc trén co s¢ mic suy giam truyén nhiéu thu dong, vi du nh6 hon
hodc bing 10 dB. Theo mdt phuong an, khéi nay thuong nhé hon hodc bang khoang
15 mg. Nhu duge mo ta duéi ddy, ngudn nang lugng 410 thuong c6 thé nap lai
duoc. Theo cac phwong an nhu vay, thoi gian nap dién thudng nho hon hodc bing

khoang 3 gidy va ¢6 thé dugc nap dién hon 1000 Ian.
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Co chu din dong 412 thuong 1a co cAu din dong bat ky, hodc céc co cAu dan
dong bt ky, thich hop dé bién déi c4c tin hiéu dién thanh chuyén dong co hoc bang
céch di chuyén khéi sao cho khoi nay didu bién tdc do hodc vi tri ctia mang nhi, va
c6 thé duoc bd tri trén phia ¢ .gifra, phia bén, ca hai phia cia mang nhi, hodc qua
mang nhi. Co cAu dan dong 412 dugc cAu tao dé déy khdi, va léy lai, hodc kéo khéi

nay, so v&i viéc ghép noi véi mang nhi.

FIG.5 12 hinh chiéu bang cia co cAu dan dong 500 theo mdt phuong an, ma
¢ thé duogc st dung lam co cAu din dong 412. Co cdu din dong 500 bao gbm it
nhét mot vong ngoai 502 va vong trong 504, vong ngoai 502 duge ghép nbi véi vo
301 va vong trong 504 duogc ghép nbi v6i khoi nay, nhu ngudn ning lugng 410.
Vong ngoai 502 ¢ nhiéu co cdu dan dong ap dién 506 ma co thé duoc kich thich dé
tao ra luc can thiét dé didu bién vong trong 504 doc truc va cubi cing diéu bién toc
d6 hodc vi tri cia mang nhi. Theo mot phuong an khéac, cac co cAu dan dong ap dién
506 c6 thé huéng dén mot cach riéng biét dé tao ra su didu bién khong doc truc cla

toc do hodc vi tri clia mang nhi.

FIG.6 12 hinh chiéu canh ctia co cAu dan dong 600 theo mot phuong an khac,
ma ¢6 thé duoc st dung 1am co cdu dan dong 412. Co cdu dan dong 600 bao gdm
dfa thir nhat 602 va dia thit hai 604, ma dugc ghép néi cung nhau béi nhiéu co céu
dan dong ap dién 606 nam gitta do. ft nhat mot trong sb dia tha nhét 602 hoic dia
thit hai 604 ¢6 thé di chuyén dé didu bién tdc do hodc vi tri cua mang nhi. Theo mot
phuong an khéc, cac co cAu dan dong ap dién 606 co thé huéng dén mot cach riéng

biét dé tao ra su diu bién khong doc truc cta toc do hoic vi tri cia mang nhi.

FIG.13 1a hinh v& mat cat ngang cla may trg thinh nho gon, nhu may tro
thinh nhé gon 300, c6 co ciu din dong theo mot phuong an khac. Theo phuong an
duge thé hién trén FIG.13, co cAu din dong la co cdu dan dong xép chong ap dién
1320 ma din dong thing. Chan 1324 cta co cdu dan dong xép chong 4p dién 1320
duoc b dinh. Nhu duge thé hién, mot hogc nhidu chi tiét ndi 1322, duge thé hién
nhu duoc bb tri quanh bén ngoai co ciu din dong xép chong 4p dién 1320, nbi khi

thit nhat 1328 v6i khéi ké tiép 1326. Khéi thit nhat 1328 duoc thay thé bsi co cau

11

11/47



45318

dan dong xép chdng 4p dién 1320 va khéi ké tiép 1326 thuong theo sau chuyén
dong cua khéi thi nhat 1328 di chuyén cac khdi theo giai doan.

FIG.14 13 hinh v& mit cit ngang ctia may trg thinh nh6 gon, nhu may tro
thinh nho gon 300, ¢6 co chu din dong theo mot phuong an khac. Theo phuong an
duoc thé hién trén FIG.14, co chu din dong 1a vi ong 4p dién 1420. Chén 1424 cta
vi éng 4p dién 1420 dugc ¢b dinh. Khi hoat dong, vi éng ap dién 1420 kéo dai thang
dé dich chuyén khéi tht nhét 1426. Mot hode nhiéu chi tiét noi 1422 nbi khéi thi
nhit 1426 va khéi tha hai 1428. Mot hodc nhiu chi tiét nbi 1422 ndm trong dudng

kinh trong cia vi bng &p dién 1420.

Theo cac phuong an khac nita, co cdu dan dong 412 1a co cdu dan dong
thing. Vi du, co cAu dan dong 412 c6 thé 13 cudn diy 4m thanh co khéi & giita,
thuong 12 nam cham, voi cudn day ngoai dugc quin quanh d6, ma didu bién luc trén
khéi nay bang cach cip nang lugng cho cudn day ngoai. Theo cach khac, cudn day
4m thanh c6 thé dugc bb tri & gitta véi nam chdm duoc b tri quanh d6. Co chu dan
dong thing c6 thé ndm ngang mang nhi trong may trg thinh nhé gon, khi dugc chp
ning lugng, dao dong va tao ra luc diéu bién cho mang nhi. Theo mdt phuong an
khéc, co cau dan dong 412 bao gbm nhiéu co cdu din dong dugc ghép ndi véi vo
301 va/hodc ngudn ning lugng 410. Theo mdt phuong an khac nita, co cdu dan
dong 412 1a nhidu co ciu din dong dong tAm ma tao ra chuyén dong thang. Theo
mot phuong én khac nira, co cAu dan dong 412 1a co cAu dan dong quay tao rﬁ song
ma kéo dai theo hudng kinh tir méy trg thinh nho gon. Theo mot phuong an khac
nita, co cAu din dong 412 bao gdm thiét bi MEMS 4p hogc thiét bi MEMS tinh dién
¢ ddng co budce ching han. Theo mgt phuong an khac nita, co cu dan dong co6 thé

duogc tao ra boi su ket hop cua hai hodc nhi€u co cau dan dong néu trén.

Nhu dé cap & day, méy tro thinh nhd gon mo ta bao gdbm mdt hozc nhiédu co
cdu dan dong. Khi ¢6 hon mot co cdu dan dong dugc su dung, tAt ca cac co cau din
dong co thé 1a cing mot loai co ciu din dong hodc c6 hon mdt loai co cdu din
dong. Khi c6 hon mot loai co cdu din dong dugc st dung, su kich thich cua cac co
cdu dan dong c6 thé trong cac mat phang khac nhau hodc mat phing gidng nhau.

Theo mot phuong an, cac loai co cau d4n dong khac nhau dugc cau tao dé dan dong
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ddng thoi trong cac mat phéng khac nhau, vi dy, d8 phat trién theo chiéu dai va/hodc
dudng kinh. Ngoai ra, va nhu dugc dé cap thém dudi day, co cAu din dong co thé
stt dung bd phan thich ung tré khang, nhu tay don MEM phu thudc vao nang luong

va khoang dich chuyén can thiét dé cai thi¢n sy nghe cua nguodi st dung.

Nhu dugce thé hién trén FIG 4, FIG.13, va FIG.14, may trg thinh nhé gon 300
cling c6 thé bao gom co chu chuyén dong 418, nhu cac b hodc co cau truot thang,

ma han ché chuyén dong cta khéi voi huéng dan dong.
Hoat dong ctia may tro thinh

Bo xir Iy 414, thuong la chip cla mach tich hop ung dung diac biét
(Application Specific Integrated Circuit: ASIC), nhén tin hiéu dién tir cam bién 408
ma tuong Gmg véi cac tin higu 4m va bién doi cac tin hiéu nay thanh tin hiéu dien dé
din dong co cAu dan dong 412 va di chuyén khéi (vi dy, ngudn ning lugng 410) aé
didu bién vi tri ctia mang nhi va bang cach cip xung dén nfio cua nguoi st dung.
Khéi nay thuong di chuyén mot khoang cach nho hon hodc bing khoang mot mm.
Su didu bién truc tiép hoac giéﬁ tiép vi tri cia mang nhi cai thién sy nghe ciia nguoi

st dung.

Ngoai viéc bién ddi cac tin higu d€ dicu bién khdi, bo xt Iy 414 ciing co6 the
tac dong dén cam bién 408, va tao ra chirc nang an toan, nhu theo doi dong va nhiét

do bén trong.

Theo mdt s6 phwong an, bd xir Iy 414 bao gdm hé mach an toan dung cho
ngudn nang lugng 410, bao gdm viéc nap va phong di¢n mot cach thich hgp ngudn

ning lugng 410 theo cach an toan va hiéu qua.

Theo cac phuwong an khac nita, bd xur Iy 414 cling thuc hién chirc nang truyén
théng sao cho may trg thinh nho6 gon ¢6 thé giri thong tin dén, va tiép nhan thong tin
tir, thé gioi bén ngoai. Vi du, bd xir ly 414 thuong bao gdm hé mach cho phép may
trg thinh nho gon truyén thong tin vé tinh trang ctia may trg thinh nho gon, va tham

chi tinh trang cta tai ngudi st dung, dén noi nhén bén ngoai.

13

13/47



45318

Theo cac phuong an khéac nita, b xtr ly 414 dugce tao céu hinh dé bién dbi
dAu vao 4m dé cho phép thay ddi tAn sb. Viéc xu Iy thay doi tdn s6 nay 1a hitu dung
dé t4i wu héa dau ra co hoc, huéng dén cac dap tng tAn s6 khac nhau va cudi cling
truyén cac chirc ning dé tao cho nguoi sir dung trai nghiém am chét lugng cao. Vi
du, céc tAn s6 hodc cac nit nhét dinh ma thiét b c6 thé b6 15, ma da dugc nhan biét
trude, c6 thé duge thu va thay dbi dé ngudi st dung s& nghe tan s6 bi 15 & tan sb

dugc thay ddi khac.

FIG.12 thé hién so dd khédi cia bd xit Iy ASIC 1200. Bo xir Iy ASIC 1200 c6
thé dugc sit dung 1am bd xit 1y 414. Bo xir Iy ASIC 1200 thudng bao gdm bg phén
truyén thong khong ddy 1202, bo phan mach an toan 1204, bd nh¢ khong kha bién
1206, bd khuéch dai trude micrd 1208, bd phén xur 1y tin higu 1210, bd din dong co
chu dAn dong 1212, b phan quan 1y ngudn ning luong 1214, bo phan cap dién
1216, va bd phan truyén dién khong day 1218. Truyén thong khong ddy bao gbm,

nhung khong chi giéi han &, truyén thong quang, &m va tan s6 vO tuyén.

Theo mdt phuong 4n, b xtt Iy ASIC 1200 st dung viée xur ly tin hi¢u tuong
tu dé lam giam nhu cAu dién va.giam dén mirc tdi thiéu cac bo phan s6. Ngoai ra, bo
xir Iy ASIC 1200 ¢ thé dugc tao cAu hinh dé giam dén mirc t5i thidu sy tiéu thu
dién nho viée 1ap chuong trinh va/hodc ude tinh cac dap ung, trong khi duy tri su xur
Iy chép nhan dugc. Theo mot phuong an khac, b xir Iy ASIC 1200 ¢6 thé duoc tao
cAu hinh @& thyc hién sy truyén thong tAn s6 va/hoic ghi qua thiét bi 4m thanh, nhu
dién thoai thong minh. Vi dy, bd xit Iy ASIC 1200 c6 thé dugc tao cau hinh dé bat
va tit may trg thinh nhé gon thong qua ky hiéu profin am. Bo xur ly ASIC 1200
cling ¢6 thé dugc tao chu hinh dé thay doi ché do cuong do, vi du bang cach didu
chinh bién do khi & trong moi trudng am khé chiu, st dung ky hiéu profin am, dé
han ché bién do cua tAt ca cac tAn sb, va/hoic dé tao ra su loai bd nhiéu. Hon nita,
b xir 1y ASIC 1200 c6 thé duoc tao céu hinh dé nhan biét 4m khan chp ma tw dong
bat may trg thinh nho gon, nhu béao chay, chudng ctra va 4m thanh v& kinh.

Theo cac phuong an khac, bd xir Iy ASIC 1200 su dung viéc Xt ly tin hiéu
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Theo mot phuong an khac, bd xit Iy ASIC 1200 duge diéu khién khong day
boi cac tin hidu tAn sb v6 tuyén (radiofrequency: RF). Tin hi¢u RF ¢6 thé duoc sir
dung dé bat va t&t may tr¢ thinh nho gon, dé thay ddi ché d6 cuong do dé diéu chinh
bién dd trong cadc mdi truong am kho chiu, va chuin bi cho viéc didu chinh va kiém

tra cac dap ing 4m dé chuan doan.

B xir Iy ASIC 1200 ciing cé thé duge tao cAu hinh dé loc céc tan sd nhét
dinh. Vi du, may tr¢ thinh nhé gon mo ta co thé con hoic theo cach khac bao gém
hé théng truyén thing dé didu chinh su hdi tiép bang céch thay ddi cac tin sb cua
khoang nhét dinh cta dAu vao dé tranh cac tin sb cong hudng nhét dinh. M4y tr¢
thinh nh6 gon md ta cling co thé hoic theo cach khac bao gbm hé théng c6 cac thuét
toan hoc dé diéu chinh cdc dap ung tan s khi cac moi truong duy nhét tao ra céc
tdn sd cong hudng duy nhét. Cac OAE 1a cac 4m thanh dugc tao ra béi tai trong. Cu
thé hon, c6 céc té bao long trofig tai trong ma phan hoi céc tin hiéu bang cach rung
dong. Rung dong tao ra 4m thanh rat im lang ma doi lai vao tai gitta. Dugc cho rang
OAE giup khuéch dai theo cach lya chon céc tAn sb nhat dinh. Tuong tw, may trg
thinh nho gon md ta ¢ day cling co thé duoc cAu tao dé tao ra tin hiéu tAn sb ¢co
dexiben (db) thap va c6 thé c4p bing sdng ché ma s& gitip khuéch dai am thanh dén.
Am thanh nén bd sung nay sé& gitp cai thién ty sb tin hiéu trén nhiéu (the signal-to-
noise: STN), hodc s€ 1a duy nhét hitu dung & céc tan s6 nhat dinh. Am thanh nén
nay co thé 14 Am thanh tAn s& don don gian, c6 thé 14 mét Am thanh phtc duoc tao
ra boi nhidu tin sd khéac nhau, hodc ¢6 thé 1a mot sb am thanh, ma 14 c4c phan riéng
thir hai, hodc c6 thé tao ra am thanh bét ky trong s6 cac am thanh nay & céac thoi

didm cu thé phu thudc vao tan sb dang dugc xut ly.

Mady tro thinh nhé gon mo ta ciing 6 thé duogc tao cAu hinh & tu chén doan
bing céch nhan biét cac OAE va tién hanh cac dicu chinh trong ban than thiét bi dé

t6i wu hoa viée nghe d6i voi ngudi st dung cu thé do.

Ngoai ra, may tro thinh nhé gon md ta tao ra dAu ra, voi do tai trong dap Ging

va tao ra OAE duy nhat ma c6 twong quan v6i muc ton hao nghe ¢ céc tan sO nay.

Céc bo phan va dang két chu thiét bi bo sung
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Theo phuong 4n dugce thé hién trén FIG.4, may tro thinh nho gon 300 bao
gém mach nap lai riéng biét 416; tuy nhién, nhu néu trén, theo cac phuong an khéc,
nhiéu, va doi khi toan bd, mach nap lai co thé dugc chira trong b xir Iy 414. Mach

nap lai 416 nap lai ngudn nang lugng 410.

Theo moét phuong an, mot hodc nhiéu day cudn day dé nap lai dugc bd tri
trong ho#c quanh (céc) bich. Theo mdt phuong an khéc, mot hodc nhiéu diy cudn
day dé nap lai duoc bd tri trong hodc quanh phan bén clia may trg thinh nhé gon.
Theo mot phuong an khéac nita, mot hodc nhidu day cudn day dé nap lai dugc b tri
trong hodc quanh phén gifta cia mdy tro thinh nhé gon. Theo mdt phuong én khéc
nita, mot hodc nhidu day cudn ddy dé nap lai duge bb trf trong ca phan & gitta 1an
phan bén cia may trg thinh nho gon. Theo mét phwong 4dn khac nira, mot hodc
nhidu ddy cudn day dé nap lai c6 thé 1a cting mot cudn day ma cép dién cho co cau

dan dong cudn day am thanh dugc mo ta & trén.

FIG.16A dén FIG.16C thé hién mdy trg thinh nhé gon 1600 theo mt phuong
an khac. M4y tro thinh nhd gon 1600 bao gdm v bao 1601 chtra it nhat mt micrd
1608, khéi thir nhét, duoc thé hién & dang pin tht nhat 1626, dudi dang vi du, khoi
thir hai, duoc thé hién & dang pin tht hai 1628, dudi dang vi du, duge ghép nbi véi
pin thr nhit 1626 béi chi tiét ndi 1621, va b xtt Iy 1614. Chi tiét nbi 1621 bao
gdm, hoidc duge bao quanh bdi, co chu din dong 1620. Co cau din dong 1620
thuong 14 co cau dan dong 4p dién xép chdng dang 6ng hoic dang hinh tru c6 16
trong d6 dé cho phép chi tiét ndi 1621 di qua d6. Chiéu cao cua co cdu dan dong
1620 thuong nam trong khoang tir 1 mm dén 4 mm, va dudng kinh ngoai cta co chu

dan dong 1620 thuong nam trong khoang tir 1 mm dén 2 mm.

May trg thinh nho gon 1600 cling bao gbm ingten cudn ddy nap lai 1616
duogc bé tri quanh micrd 1608. Angten cudn day nap lai 1616 dugc stir dung dé nap
lai pin thir nhdt 1626 va pin thtt hai 1628 hang ngay. Khi duoc b tri trong tai, pin
thtr nhét 1626 va pin thtt hai 1628 dugc b tri trén cac phia déi nhau (tuc 14, phia &

gifta va phia bén) ciia mang nhi va chi tiét ndi 1621 duogc bd tri qua mang nhi.

Cac yéu td dugc xem xét trong viéc thiét ké cac bo phan khac nhau, nhu co
cdu dan dong, ctia may trg thinh nho gon md ta & day la muc lyc dugc ap dung, va
16
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muc dich chuyén ctia mang nhi dé cai thién su nghe ctia nguoi st dung. Muc luc c6
thé thay doi trén co s& khoi hodc cac khoi dicu bién nam trong khoang tir 20 mg dén
30 mg, nim trong khoang tir 0,05 micron dén 5,0 micron cua muac dich chuyén véi

luc nam trong khoang tr 0,001 N dén 0,05 N, qua khoéng tan sb c6 thé nghe duogc.

Nhu duoc thé hién trén FIG.17, may trg thinh nhé gon bao gdm bd dan dong
1700, ma ciing c6 thé bao gb6m bd nhan dich chuyén 1725 cling véi co cu dan dong
1723 dé khubch dai sy din dong cta khdi thir nhit, duge thé hién ¢ dang pin th
nhat 1726, dudi dang vi du, va khdi thir hai, duge thé hién & dang pin thir hai 1728,
dudi dang vi du. B6 nhan dich chuyén 1725 duge thé hién dudi dang tay don ghép
nbi 4ap, dudi dang vi du. Bo nhén dich chuyén tay don 1725 bao gdm phan chan co
cdu dan dong, chbt xoay trén phﬁn vo, va khdi, duoc thé hién duéi dang pin, phﬁn
chan. Nhu dugc thd hién trén FIG.19, bo din dong 1900 ciing ¢6 thé bao gdm bd
phén ghép ndi ¢b dinh 1925 cung véi co cAu din dong 1923. BO phén ghép nbi ¢b
dinh 1925 duoc thé hién & dang b phan ghép nbi ¢é dinh v6i dinh cla co cau dan
dong, duéi dang vi du. Nhu duoc thé hién trén FIG.20, bd dan dong 2000 cling ¢
thé bao gdm bo ghép ndi cting 2025 cung voi co cAu dan dong 2023. B ghép nbi
cimg 2025 duge thé hién duéi dang bd ghép ni cing gitta pin thir nhét 2026 va pin
th hai 2028 va dugc bd tri quanh phia ngoai cua co cdu dan dong 2023, duéi dang

vi du.

Nhu duoc thé hién trén FIG.21 va FIG.22, cic bd phan ghép ndi ap khic
nhau, bao gdm bd nhan dich ch}lyén tay don, bo phéan ghép nbi ¢b dinh, va bd ghép
ndi cung, c6 thé bao gbm s bo phan thich hop bat ky bao quanh hodc mat khac
duoc ghép néi lan luot véi co chu din dong 2123 va 2223. Co cau dan dong 2123
duoc thé hién ¢ dang ling tru chit nhét dudi dang vi dy, va co cAu din dong 2223
dugc thé hién & dang éng hinh tru dui dang vi du. Céc co cAu dan dong 2123, 2223
dugc bao quanh boi s6 luong thich hop b4t ky va dang két hop clia cac phan bd
ohép ndi cting 2131, 2231, céc phan nbi cd dinh 2135, 2235, va cdc phin bd nhan
dich chuyén tay don 2137, 2237.

Ngoai cac bd phén néu trén, may tro thinh nho gon md ta cling ¢o thé bao

gom cac bd phan bd sung, nhu céc cam bién dé phat hién sy thay doi ve di€u kién
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sinh hoc cua tai, vi du, nhiém khuan, viém, mo seo, hodc su di chuyén t€ bao biéu

mo.

Vo6 301 thuong 1a vo boc thich hop bat ky bao boc va tao ra khoang bit kin
cho céc b phan ciia thiét bi. Cac v6 thich hop bao gdm, vi du, vét liéu twong hop
sinh hoc, nhu silicon, ﬂopolymé, polyetylen, thép khong gi, va titan. V6 301 ¢o6 thé
1a vat liéu dac hodc vat liéu xép. Theo mdt phuong an, vé 301 c6 cac vi 15 dé cho
phép thong khi. Theo mot phuong an khac, vo 301 1a dic sao cho khong c6 céc 16
thong khi bat ky qua d6. Theo mdt phuong an khac, vo 301 1a dac sao cho khong ¢
16 thong khi bt ky qua do va str dung khong gian chét dé cho phép su nén dugc tao
ra boi chuyén dong bén trong. Theo mot s6 phuong 4n, vo 301 bao gdm céc ranh
thing dé cho phép can bang ap suit bén trong do chuyén dong bén trong ctia co ciu
dan dong va khéi (vi du, pin). Céc ranh thang cling tao ra su bu dap cho su di
chuyén biéu md quanh m4y trg thinh nho gon 300. Tham chi hon nira, cac ranh

thang tao ra céc 1¢i ich co hoc, nhu viée lam on dinh duogc cai thién.

FIG.18 thé hién hinh v& mit ct ngang so lugc cia may trg thinh nhd gon
1800. M4y trg thinh nhé gon 1800 bao gbm vé 1801 bao boc mdt chdng cac bo
phan, bao gdm micrd 1808, bd xir Iy 1814, phdn tht nhat 1826, dugc thé hién &
dang pin thtr nhét, phin thir hai 1828, dugc thé hién ¢ dang pin thi hai, va chi tiét

ndi 1820 ¢6 co cdu din dong dugc bd tri trong dé.

V4 1801 ¢6 d6 dai nim trong khoang tir 5 mm dén 10 mm, nhu khoang 6
mm. V6 1801 thuong co hai dudng kinh, duong kinh thi nhét 1815 va duong kinh
tht hai 1817. Duong kinh thu nhét 1815, ma thuong tuong ung va6i cac phan c6
bich ma ty trén mdi phia ciia mang nhi, nam trong khoang tir 1 mm dén 5 mm, nhu
khoang 3mm. Dudng kinh thir hai 1817, tuong tng v6i phan ctia mdy trg thinh nho
gon 1800 ciAn duogc bd tri qua mang nhi, nam trong khoang tir 0,5 mm dén 3 mm,
nhu khoang 1,5 mm. Phan duoc cét ranh 1829, trong d6 mang nhi can duogc bd tri
thuong nam trong khoang tur 0,‘15 mm dén 0,5 mm, nhu khoang 0,25 mm, dé tao ra
khong gian di cho mang nhi ma khong choc thing mang nhi sao cho n6 s€ gy ra

hoai tu.
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Mbi micrd 1808 va bo xtr Iy 1814 c6 do day nam trong khoang tir 0,25 mm
dén 1,0 mm, nhu khoang 0,5 mm. M3i phan tht nhét 1826, va phan tht hai 1828 c6
chidu cao nim trong khoang tir 1 mm dén 2 mm, nhu khoang 1,5 mm, va c6 duong
kinh ngoai ndm trong khoang tir 2 mm dén 3 mm, nhu khoang 2,5 mm. Chi tiét nbi
1820, c6 co cdu din dong duoc bd tri trong d6 theo mot sb phuong an, hodc dugc
ghép ndi vao do, véi chidu cao ndm trong khoang tir 0,5 mm dén 3 mm, nhu khoang
1 mm, va ¢6 duong kinh ngoai nam trong khoang tir 0,5 mm dén 2 mm, nhu khoéng
1 mm. Tuong tu, theo mot s6 phuong én, co ciu dan dong co thé c6 chidu cao nim
trong khoang tur 0,5 mm dén 3, nhu khoang 1 mm, va c¢6 duong kinh ngoai nim

trong khoang tir 0,5 mm dén 2 mm, nhu khoang 1 mm.

Nhu néu trén, may trg thinh nhd gon ¢6 thé c6 kich c& va hinh dang thich
hop bat ky véi céc bo phan c6 kich ¢& va hinh dang khéc nhau; tuy nhién, mdi dang
két chu thuong yéu ciu cling c4c bd phén khac nhau nay, vi du, micro, nguén nang

lugng, co cau dan dong, va bd xur ly.

FIG.7 13 hinh v& phdi canh so luge cia may tro thinh nho gon 700 theo mot
phuong 4n khac. Nhu duge thé hién trén FIG.7, it nhét mot bich 702, thuong bich &
gifta, dugc lam gian doan boi ranh dang hinh tron 704 trong d6. Ranh 704 1a hitu
dung dé ludn may trg thinh nhd gon 700 qua mang nhi vi ranh 704 c6 tac dung nhu
vit Archimedes, khién cho d& 1dp bich 702 qua duwong rach nho hon.

FIG.8 1a hinh v& phéi canh so luge clia may trg thinh nho gon theo mot
phuong 4n khac 800. Mdy trg thinh nhd gon 800 bao gdm it nhat mot bich 802,
thudng 1a bich & gitta, ma c6 dang con va co tac dung nhu co cAu nong khi duoc

ludn qua duong rach trong mang nhi.

Theo cac phuong an khac, it nhit mot trong s6 bich thu nhét va bich tht hai
ctia may tro thinh nhé gon duoc lam thon theo cach khéac tir dau thi nhét dén dau
th( hai ctia nd, sao cho bich thu nhét hodc bich th hai c6 tdc dung nhu co cAu nong

khi dugc ludn qua duong rach trong mang nhi.

FIG.9A dén FIG.9C thé hién cac hinh v& khac nhau cia mdy trg thinh nho
gon 900 theo mdt phuong 4n khéc. May trg thinh nho gon 900 bao gbm bich tht
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nhét 902 va bich tht hai 904. Bich tht nht 902 c6 nhiéu tai bich thir nhdt 906 dugc
ghép ndi vao do, va bich thir hai 904 6 nhiéu tai bich thir hai 908 duoc ghép nbi
vao do. Céc tai bich thtr hai 908 1éch so vdi céc tai bich thi nhét 906. Nhu duogc thé
hién trén FIG.9B, va dugc md ta thém dudi ddy, tai bich thw nhét 906 va tai bich
thir hai 908 thudng ndm phang ty vao may trg thinh nhd gon 900 cho dén sau khi
mdy trg thinh nhé gon 900 da duoc ludn qua mang nhi. Sau khi may tr¢ thinh nho
gon 900 duogc ludn, cac tai bich tht nhit 906 va/hodc céc tai bich thi hai 908 duoc
mé sao cho chiing nim song song voi bé mit ctia mang nhi dé 1am 6n dinh mdy trg

thinh nho gon 900, nhu dwgc thé hién trén FIG.9C.

Ving lap ctia mdy trg thinh nhé gon md ta thuong bao gdm mot hodc nhiéu
bich, nhu bich thit nhat 902 va bich thit hai 904, ma thuong dugc b tri dé t6i uu
hoa su truyén nang lugng dén mang nhi, véi khoang trbng 909 giita d6 duge chu tao
dé mang nhi duoc bd tri trong d6. Ving 1ap tao ra sy gilt mdy tro thinh nhé gon,
nhu may trg thinh nhé gon 900, trong mang nhi. Ngoai ra, viung lép tao ra su can
bing va lam dn dinh may tro thinh nhé gon 900 trong mang nhi. Theo cac phuong
4n khac, mot hodic nhidu bich c6 thé phan phdi sy din dong hodc diéu bién dén
mang nhi. Theo mot s6 phuong 4n, mot hodc nhiéu bich chira cudn day nap dién
hoidc day nap dién. Ngoai ra, theo mot s6 phwong 4n, mdt hodc nhiéu bich bao gdbm
cac ddu hiéu duoc thiét ké truéce dé tao ra cac luc bu dé tranh choc thung hodc kep
mang nhi vi su choc thing hodc kep nhu vay thuong gy ra su hoai ti ctia, hodc 16

trong, mang nhi.

Theo cac phuong 4n khac, it nhit mot trong s6 bich thir nhét va bich thi hai
3 c6 thé ép duge va ¢6 thé duoc trién khai hoic giai phong thanh hinh dang cubi

cua no6 hodc vao vi tri khi duge ludn qua mang nhi.

Céac phuong 4n néu trén d& xuét cac hinh dang va dang két chu vi du ctiia mot
hodc nhiéu bich. Tuy nhién, sdng ché con du tinh cac hinh dang va dang két céu,
bao gdm nhung khong chi gi¢i han 6, cac bich tron gidng v6i mil chop cao, cac bich
tron giéng v6i mii chép cao ¢6 vanh quay 1én quanh mép ngoai, vién ma loe ra xa
khoi thAn ma udn quin 1én quanh cdc mép cla nod, bich tron ma dugce cit trén phia

ma d6i dién v6i mang nhi, trong khi vong ngoai duoc xoay lén trén phan phoi luc
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kep dén vanh ngoai cia bich, va bich ma dugc tao ra bdi dang vi soi ma dugc bao
boc b&i mang moéng cla vat liéu hodc polyme va ciing ¢o thé duogc st dung lam
cudn day nap lai dbi v6i su nap lai nho cdm tng. Theo mot sb phuong én, bé mit
ctia vanh c6 thé 12 bé mit nhiéu mat phéng, nhu bé mit dang séng hoéc bé mit dang

bac.

Theo mdt sb phuong an, cac bich ma lam 6n dinh may tr¢ thinh nhé gon
duoc dit canh nhau qua mang nhi dé tranh ap luc dbi nhau duy tri nhiéu mach
quanh mang nhi va tranh hoai tir. C4c bich nhu vay thuong bao gbm cac tai dugc b
tri quanh chu vi cia bich ma loe riéng biét ra xa khoi bich va than cia may trg thinh
nho gon. Céc tai nay co thé c6 cac hinh dang khac nhau, bao gdm nhung khong chi

gi¢i han &, dang hinh tron, vau, vau kép, hodc dang co ba la.

Theo mot phuong an khéc nira, ving ldp bao gdbm mot day cac bich gian
doan ma dugc cit trén phia d6i dién voi mang nhi, trong khi mép ngoai ctia cac bich
gian doan cé thé dugc xoay 1én trén dé phan phdi luc dén mép ngoai cua bich. Day
nay co thé duge bd trf trén phia & gitta va phia bén dé kep mang nhi gitra d6, hodc
1éch theo hudng kinh dé dam bao mang nhi khong bi choc thing gilta cac bich lam

on dinh.

Theo cac phuong an khac, cac bich duge thiét ké dé lam 6n dinh mdy tro
thinh nhé gon va dugc bd tri dé, hodc co cic dAu hiéu dé, lam giam céc van dé cta
su di chuyén biéu mo trén phia bén cua mang nhi. Cac bich c¢6 thé dugce dit canh
nhau véi cdc dAu hidu gitt va 1am 8n dinh trén phia & gitta. Cac dau hiéu thich hop
bao gdm, nhung khong chi gidi han &, tao mau chd 18i, gach hai bén, cdc duong
hodc ranh théng, duong doc truc, tao mau ph?m nhd 1én dang giot nude mét, va két
cAu dang vo tau. Theo cac phwong én khac nira, cac du hiéu nay c6 thé dugc tao
mAu bd sung hoic tao mau theo cach khéc trén cdc phan khac cua méy trg thinh nho

gon mo ta, nhu than.

Theo c4c phuong an khac nita, it nhit mot trong s6 mot hodc nhiéu bich bao
gdm bo phan din dong, kéo dai tir may tro thinh nho gon dé diéu bién xuong bua

hodc mau 16i mot cach truc tiep. Theo cac phuong 4n khéc nita, co cau dan dong co
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thé kéo dai tir céc phdn khdc cia mdy tro thinh nho gon, nhu than, dé diéu bién

xuong btia hodc mau 16i mot cach tryc tiep.

Céc bich dugc mé ta & ddy, mot minh hodc trong dang két hop bat ky, c6 thé
tuong tac v6i than cua may trg thinh nho gon va/hodc voi mang nhi theo cach thich

hop bat ky.
Phuong phép cdy

May tro thinh nhd gon mé ta c6 thé cdy bang phuong phap cy thich hop bat
ky. FIG.10 la so dd quy trinh clia mot phuong phap 1000 nhu vay.

Trude phwong phap 1000, bude 1am sach tuy y ¢o thé duoc thuc hién dé lam

sach mang nhi va ong tai ngoai gén.

Phuong phap 1000 thuong bao gdm budc nhan bidt vi trf t6i uu dé bd trf méay
tro thinh nhd gon & bude 1010, gy t€ vi tri bd tri & budc 1020, tao dudng rach,
hodic 13 thing khac bat ky, & vi tri bd tri & bude 1030, va ludn may trg thinh nho
gon qua duong rach ¢ bude 1040. Phuong phap 1000 thuong con bao gdm budc xac

nhéan viéc bd tri va chirc ning ctia mdy trg thinh nhé gon & bude 1050.

Theo mot phuong an, vi tri t6i wu 1a goc phan tu dudi phia truée cia mang
nhi. Do vy, phuong phap bao gbm budc gay té mot phan ctia goc phén tu dudi phia
trude, tao ra duong rach nho, nhu nhé hon hodc bang khoang 2 mm, vi du nh6 hon
hodc bing khoang 1 mm, va ludn mAy tro thinh nho gon qua duong rach dé bd tri
mady tro thinh nho gon trong goc phan tu duéi phia trude cia mang nhi cia nguoi su

dung.

Nhu néu trén, mot sb phuong an cia may trg thinh nhé gon bao gém dang
két cdu ma duoc lam thich Gng dé 1udn dé dang qua mang nhi. Vi du, it nhat mot
trong s6 mot hoic nhidu bich cé thé bao gém bich dugc tao khe hodc bich dugc lam
gian doan, nhu may tr¢g thinh nh6 gon 700 duoc thé hién trén FIG.7, dé trg giup su
bb tri qua duong rach trong mang nhi bing cach quay mdy tr¢ thinh nhé gon qua

duong rach.
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Theo mdt phuong 4n khac, nhu may trg thinh nhé gon 800 trén FIG.8, it nhét
mot trong s6 mot hodc nhiéu bich, nhu bich & gitta, hodc than cta chinh may trg
thinh nho gon, duoc tao dang hinh con sao cho n6 dung lam co cdu nong ma tao ra
profin dé dugc day qua duong rach trong mang nhi dé mé rong duong rach va cho

phép phan & giita cia may trg thinh nho gon di qua do.

Theo mot phuong an khéc nira, it nhit mot trong sd bich & gitta va bich bén
1a bich ty mé rong ma co thé ludn qua dudng rach va co thé mo rong & tai gifta sao
cho n6 s& nim ty vao phia & giita ciia mang nhi khi dugec mé rong. Theo cac phuong
an khac nita, khoang cach gitta-céc bich, hodc cac phan gidn doan cta nd, dugc xic
dinh truée dé cho phép cdy va dé tao ra su didu chinh dbi voi do day thay doi cta

mang nhi va/hodc luc thay d6i.

Theo cac phuong 4n khac nita, may trg thinh nho gon bao gbm nhiéu manh,
c4c manh nay co thé dugc ghép ndi cing nhau dé tao ra toan b may trg thinh nho
gon. Theo cac phuong an nhu vay, bich ¢ gitra va bich bén thuong dugc ghép ndi
bdi mot day chi tiét néi ma duogc c¢d dinh trong mot hodc ca hai ntra va lién két véi
cac hdc tuong tng trén mot hodc ca hai nira. Sau khi mot manh cia may trg thinh
nhd gon dugc ludn qua dudng rach, vi du qua mang nhi, tiép do6 chi tiét thtr hai
duge ghép ndi véi manh da ludn, vi du, bang cach choc thung mang nhi v6i mot day
chdt ma khép v6i manh da ludn. Theo cac phuong &n khac nita, mot manh dugc
ludn qua dudng rach dén phia & gitta cia mang nhi va manh thi hai dugc ghép ndi
véi manh tht nhit qua mang nhi & mot vi tri cach xa khoi duong rach b6 tri ban

dau. Theo cac phuong an nhu vy, duong rach bb tri ban dau sé lanh lai.
Phuong phap l4y ra vi cac ly do khén cip hodc an toan

May tr¢ thinh nhé gon mo ta co thé duoc léy ra nhanh chéng va an toan vi
cac ly do an toan va khén cép. Vi dy, nhu néu trén, cac phuong an cia may tro thinh
nhé gon duge cu tao dé tht khi nhan biét tn s6 ky higu 4m thanh cu thé. Néu ky
hiéu 4m thanh cu thé khong thé tat mady tr¢ thinh nho gon, hoac néu may tro thinh
nho gon can duoc thao ra vi cac ly do khan cép, khi d6 thiét bi c6 thé duoc 1am cho

khong hoat dong va/hodc dugc 14y ra bdi phuong tién vat ly.
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Theo mdt phuong 4n, bich bén ciia mdy trg thinh nh6 gon md ta bao gém
cong tic, cong tic dung 4p luc, tiép diém, co cAu truot, hodc dang két hop bét ky
cua ching. Chuyén gia y khoa cé thé tiép xtic v6i cong téc, cong tic dung &p luc,
tiép diém, co cAu truot, hodc dang két hop bét ky cia chung st dung cac dung cu 'y
khoa co ban trong budng cép ctru hodic dung cu y khoa khac dé l1am cho khong hoat
dong may trg thinh nho gon sau khi may trg thinh nhé gon khong thé tit dap lai tan
s6 ky higu am thanh. Theo mcf)f s& phwong 4n, bich bén ciia may trg thinh nho gon
mo ta két hop dAu hiéu dé tro giup viée léy ra may tro thinh nho gon ma co6 thé duoc

kep hodc lién két bang dung cu y khoa thong thuong nhu nhip, dau do, va kep.

Theo céc phuong 4n khac nira, nguoi su dung may tro thinh nho gon mo ta
c6 dung cu léy lai hodc lam cho khong hoat dong dugc ché tao theo yéu cAu ma co
thé duogc st dung boi chuyén gia y khoa dé 14y ra hodc lam cho khong hoat dong

trong cac truong hop khin cip.
Thiét bi dé cdy va lay lai

May trg thinh nho gon mo ta ¢ thé dugc ciy vao tai cua bénh nhan trong
phuong phéap xam JAn t6i thiéu dung cho bénh nhén ngoai tri. Theo mot phuong an,
may tr¢ thinh nhé gon mo ta duge ludn vao bé‘mg cach st dung dao md, hoic dung
cu cat thich hop bat ky, dé tao ra duong rach nho, hodc chd thung khac bat ky, va
dung cu dugc st dung dé gitt may trg thinh nho gon va bd tri may trg thinh tiép xuc
qua mang nhi. Theo mdt phuong an khac, dung cu cdy, ma thuong bao gbm thanh
dai c6 dung cu cét trén dau xa ctia no, duge ludn qua 6ng tai dén vi tri thich hop trén
mang nhi. Dung cu cit nay bd trf may trg thinh nho gon & vi tri bd tri st dung co
cdu dan huéng vong can chinh xa, di chuyén tién dung cu cat, nhu dao hodc kim, ¢6
kich thudc thich hop dinh trude dé tao ra duong rach & vi tri b tri, va tiép d6 di
chuyén tién mdy tr¢ thinh nhé gon qua mang nhi d bd tri may trg thinh nhoé gon

qua do.

Dang két chu ctia thiét bi dé cdy va lay lai c6 thé dugc thay dbi dé ludn dé
hon dang két chu cu thé cua lméy trg thinh nhé gon mo ta. Vi du, FIG.11A va
FIG.11B thé hién mdy tro thinh nhd gon 900 trén FIG.9A dén FIG.9C véi mot phan
ctia dung cu cdy vi du. Nhu duge thé hién trén FIG.11A va FIG.11B, dyng cu cay
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1100 bao gdm vé 1102 va thanh tién 1104. Khi hoat ddng, v6 bao quanh mdy trg
thinh nhé gon 900 va gilt cac tai bich th nhét 906 va céc tai bich thir hai 908 & vi
tri khong mé rong cla ching sao cho chung ndm phing doc theo may trg thinh nhé

gon 900, nhu dugc thé hién trén FIG.11A.

Mot ph?m cua vO 1102 thuong duogc ludn qua duong rach duoc tao ra trong
mang nhi va khi vé 1102 da duoc ludn qua mang nhi, tiép do6 it nhét mot phan cua
v 1102 dugce rat ra. Boi vay, may trg thinh nhé gon 900 duge bd tri qua mang nhi,
sao cho phan thit nhét ctia may trg thinh nhé gon 900 duoc bd tri trén phia & gilta
clia mang nhi va phan thtr hai ciia may trg thinh nhé gon 900 duoc b tri trén phia
bén clia mang nhi. Khi phn ctia méy trg thinh nhé gon 900 ¢6 cac tai bich thir nht
906 dugc gidi phong khoi vé 1102, thanh tién 1104 duy tri vi tri cta n6 trong khi vo
1102 dugec rat ra. Tai bich thtr nhit 906 mo rdng, loe ra, hodc trién khai theo cach

khéc, va tao ra bich doc theo mang nhi, nhu dugc thé hién trén FIG.11B.

Theo mot phuong an khac, mot hodc nhiéu dung cu, nhu kep dang chén,
dugc ludn qua 18 dau tién dé tiep can phia ¢ gilta cia mang nhi, khi d6 hai hodc
nhiéu bd phan duge ndi qua mang nhi nho céc co cau khac nhau, nhu chdt hozc 13y

cai. Mot hoac nhiéu dung cu, nhu kep dang chén sau do dugc loai bé.

FIG.15A va FIG.15B thé hién dung cu cdy theo mot phuong 4n khac 1500.
Dung cu cdy 1500 bao gbm ndp xa 1501, ndp gan 1502, chi tiét ndi 1503, chi tiét
tién 1504, tay cAm 1505 va co chu khoi dong din dong 1506. Dung cu céy 1500

duoc tao két cdu dé gitt mot hodc nhiéu thiét bi can dugc cay.

Hoat dong cia dung cu cdy 1500 s& dugc md ta trong ngit canh ludn méy trg
thinh nhé gon qua mang nhi. Tuy nhién, du tinh rang dung cu cdy 1500 1a htu dung
d4 cAy thibt bi thich hop batky & vi tri thich hop bét ky khép co the.

Nhu duoc thé hién trén FIG.15B, dung cu céy dugc ciu tao dé it phén thi
nhét 1508 va phin thit hai 1510 ciia mdy tr¢ thinh nho gon, nhu may tro thinh nho

gon mo ta ¢ day.

Khi hoat dong, nip xa 1501 giit phan tht nhét 1508 duoc tién qua duong

rach trong mang nhi sao cho ndp xa 1501 va phan thit nhat 1508 duoc bd tri trén
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phia & gifta cia mang nhi trong khi nip gan 1502 va phan thit hai 1510 duoc bb trf
trén phia bén ctia mang nhi. Tiép d6, co cAu khéi dong dan dong 1506 ¢6 thé dugc
sir dung dé din dong ndp xa 1501 va/hode ndp gan 1502 dé 1ap kiéu cai phan thir
nhét 1508 va phan thtt hai 1510 ctia may trg thinh nhé gon cung nhau qua mang nhi
& mot khoang cach xa khéi dudng rach. Khi may trg thinh nho gon da duoc 1p kiéu
cai cung nhau va dugc ciy qua mang nhi, dung cu cdy 1500 dugc rat ra qua duong

rach va may trg thinh dugc dé tai chd qua mang nhi.
Thiét bi va hé théng dé nap lai

Sang ché con du tinh cac thiét bi va hé thong nap lai tao ra giao dién nguoi
sir dung d& nap lai dién cho may trg thinh nhé gon da cay mot cach d& dang. Thiét
bi va hé théng nap lai nay tuong tac v6i hé mach nap dién dé nap lai cho may trg
thinh nhd gon mo ta. Thiét bi va hé théng nap lai nay thuong dugc b6 tri trong dng
tai, trén tai, quanh tai, hodc ¢ ving lan cén d4u cua ngudi st dung. Céac bo nap lai
bao gdm tai nghe trong tai, chi tiét ludn 6ng tai trong, bit tai, kep trén tai, kep cang
kinh, thiét bi trong hodc quanh géi, va thiét bi trong hodc quanh ving lan cén cua
dau nguoi st dung, ma co thé duoc bd tri trong 6ng tai, trén tai, quanh tai, hodc &
vung lan cén dau cta nguoi st dung dé tuong tac v6i mach nap lai. Trong mot sd
trudong hop, ban thin thiét bi nap lai s& cAn dugc nap lai. Theo mdt phuong an, hé
théng nap lai 1a h¢ théng hop ma tao ra hop do cho thiét bi nap lai, ma duoc két nbi
véi nguén dién nhu, héc cdm dién, céng USB, hoéc nguén dién xe 6t6. Theo mot
phuong an khac, ban thiét bi nap lai ¢ thé dugc két ndi truc tiép voi nguén dién
qua chi tiét ndi, nhu cac chac. Cling du tinh rang hé théng nap lai c6 thé 1a modun
sao cho tai nghe cé micrd s€ tao ra co ciu gitt cho cac by phan tai va gilt ching tai
chd trong khi ching dang dugc deo bdi bénh nhén va cac co chu gitt bd sung dé gitr
chung trong khi chiing dang nap lai. Cac bd phén nap dién ma duoc b6 tri trong dng
tai ¢6 thé duoc thao ra khoi hé thdng tai nghe dé kin ddo hon va cho phép nap dién

di dong.
Thiét bi nbi

Sang ché ciing du tinh cac thiét bi ndi dé ndi mot hode nhiéu thiét bi trong tai
ctia ngudi st dung, nhu qua mang nhi. Cac phuong 4n tuong tu cia may tro thinh
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nhd gon duge mo ta ¢ day, cac thiét bi ndi ciing c6 thé bao g6m dang két chu thich
hop bat k¥ ctia bich thir nhat va bich thir hai duoc ghép ndi boi chi tiét ndi. Tuy
nhién, cac thiét bi ndi thuong khong bao gdm cic bo phan cua may trg thinh néu
trén. Thay vao do, cac thiét bi nbi thuong bao gdm phan rdng ma dugc thiét ké
truse dé ndi thiét bi khac trong do. Tuong tu nhiéu may tro thinh nho gon mo ta,
céc thiét bi ndi c6 thé ludn trong phuong phip xam 14n tbi thiéu dung cho bénh
nhéan ngoai tri. Phuong phap nay thuong bao gdm budc nhan biét vi tri t6i vu dé bd
i thiét bi ndi, gay & Vi tri b tri, tao dudng rach, hogc 15 thing bat ky, & vi tri bb
tri, va ludn thiét bi nbi qua duong rach. Phuong phép nay ciing co thé bao gdm viéc
lam sach vi tri bd tr, cling nhu’uxéc nhan sy bd tri va chic nang cta thiét bi nbi sau

khi thiét bi ndi da dugc bb tri.

Céac thiét bi thich hop dé duoc ndi bao gdm, nhung khong chi gidi han 6,
thibt bi sinh triic, thiét bi chén doan, modun giai tri, mddun truyén thong ngam, thiét
bi didu tri, thiét bi theo d5i cac chi sb co thé, thiét bi theo dbi strc khde, thiét bi kich
thich mo, va thiét bi trg gitip nghe. C6 loi néu céc thiét bi ndi nay tao ra tram ndi
trong tai, nhu qua mang nhi, ma cho phép cac thiét bi khac nhau dugc b tri trong
d6 qua thoi gian. Vi thiét bi ndi da dugce bo tri ¢ vi tri b6 tri dinh trudc, nén dudng
rach bd sung khong can dugc tao ra ¢ vi tri bd tri khi thiét bi duoc ndi trong thiét bi

ndi.
Thiét bi kich thich va/hoic diéu bién

Trong khi sang ché dé cap dén cic thiét bi duogc mo ta dudi dang may trg
thinh nhé gon. Sang ché cling du tinh cdc thiét bi kich thich va/hogc thiét bi diéu
bién, ¢ thé bd tri, vi du, trong mo bét ky khép co thé ctia ngudi st dung. Tuong tu,
cac thiét bi kich thich mé nhu vy bao gém vo ¢ cac bd phan khac nhau trong do,
nhu mot hodc nhidu cam bién, mot hodc nhiéu khdi, mot hoic nhiéu nguén nang
lugng, ma co thé duogc str dung dudi dang mot hodc nhiéu khdi, mot hoic nhiéu bd
Xt Iy, va mot hoac nhidu co chu din dong. Mot hodc nhiéu cam bién thudng 1a cam
bién thich hop bét ky dé tao ra d4u ra dinh truéde, d4u ra dinh trudc dugce dua trén co
s& tac dyng mong mudn trén co thé cia ngudi st dung. Piu ra vi du bao gom,

nhung khong chi gi6i han &, dau ra co hoc, dién va nhiét. Khi hoat dong, cac thiét bi
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kich thich va/hodc didu bién 13 hitu dung dé thuc hién sw thay ddi trén nhiéu md

khac nhau trong co thé, nhu co, day chéng, mang, Xuong va sun.
Két ludn

Cac phuong 4n cua sang ché dé xuit may tro thinh nho gon cai tién ma sir
dung su bién dbi rung dong dé diéu bién tryc tiép hodc gian tiép tdc dd hodc vi tr
cia mang nhi. Sy didu bién truc tiép hodc gian tiép téc do hogc vi tri clia mang nhi
cai thién dang ké chét luong am thanh d6i v6i nguoi st dung. May tro thinh nho
gon mo ta 1a gon hon, tién loi hon va it ¢6 thé nhan théy bén ngoai hon. Thuc vy,
vi mdy tr¢ thinh nho gon mo ta co thé dugc bd tri trong dng tai va qua mang nhi,
nén may tro thinh nhé gon mod ta khong thé nhin thy tr nguoi quan st bén ngoai.
Ngoai ra, vi thiét k& gon clia mdy trg thinh nho gon md ta, may trg thinh nho6 gon
khong chin toan b 6ng tai. Thay vao do, may tr¢ thinh nhé gon mo ta dé ong tai
khong bi can trd va boi vay tao ra chit lwvgng 4m thanh ty nhién hon va dugc cai
thién d6i voi ngudi st dung. Ngoai ra, may tro thinh nhé gon mo ta tao ra chtc
ning bd sung, nhu tranh tac dong bit bng tai va hdi tiép may trg thinh lién quan dén
may tro thinh thong thuong. Hon nita, may trg thinh nhé gon mo ta co thé duoc
ludn vao va lay ra trong phuong phap xam 14n t6i thiéu dung cho bénh nhén ngoai

tru.

Trong khi phan m6 ta néu trén de cép dén cac phuong an cia sing ché, cac
phuong 4n khéac va thém nita cia sang ché co6 thé dugc nghi ra ma khong chéch khoi
pham vi co ban cta sang che, va pham vi clia sang che dugc xac dinh boi yéu cau

bao ho sau day.
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'YEU CAU BAO HO
1. Bo dan ddong mang nhi, bao gbm:

it nhat mot khoi dugce cau tao dé duoc bd tri trén it nhat mot trong so phia gitta

hoic phia bén ctia mang nhi ctia ngudi sir dung, trong d6 it nhat mot khoi bao gom:
cau trac khoi dau tién; va

cAu tric khdi tht hai, cdu tric khoi thir hai dugce ghép nodi v6i cau trac

khéi thir nhat bang it nhat mot co cau noi; va

it nhit mot co cdu din dong duoc ghép ndi véi khoi nay va duge cau tao dé
duoc bd tri trong it nhat mot co cau ndi qua mang nhi cua nguoi st dung, co ciu dan
dong nay dugc cau tao dé bien doi cac tin hiéu dién thanh chuyén dong co hoc dé di

chuyén khdi nay va didu bién mang nhi.
2. B dan dong theo diém 1, trong do it nhAt mot co cAu din dong bao gbm:
vong trong; va

vong ngoai dugc ghép ndi véi vong trong, vong ngoai nay bao gom nhi€u co

ciu dan dong dién ap.
3. B dan dong theo diém 1, trong do it nhAt mot co cdu din dong bao gdm:
dia tht nhét; va

dfa th hai, dia thir hai duge bd tri trén va duoc ghép ndi véi dia tht nhat qua

cac co cAu din dong dién ap duge bo tri gifra dia thir nhat va dia tha hai.

4, Bo dan dong theo diém 1, trong do it nhat mot co cAu dan dong bao gém co ciu

dan dong xép chdng dién 4p.

5. Bo din dong theo diém 1, trong do it nhat mot co cdu dan dong bao gbm vi dng

dién ap.
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6.  Bo din dong theo diém 1, con bao gdm:
tay don ghép ndi dién ap dugc ghép ndi véi it nhat mot co cau dan dong.
7. Bo din dong theo diém 1, con bao gbm:

bd phan ghép nodi co dinh dugce ghép nodi véi mat trén cua it nhét mot co cdu dan

dong.
8. BO din dong theo diém 1, con bao gdm:
bd ghép ndi cimg duge ghép ndi véi it nhat mot co cdu dan dong.
9. May trg thinh, co6 thé ludn qua mang nhi cta ngudi st dung dé khuéch dai céc

tan s nhat dinh va loai bo cac tan so khac, bao gom:
bd dan dong mang nhi, bao gdm:

it nhdt mot khoi duoc cau tao dé duge bo tri trén it nhat mot trong so
phia & gifta hodc phia bén clia mang nhi cua nguoi st dung, trong do it nhat mot

khoi bao gom:
cau truc khoi dau tién; va

cAu tric khdi tht hai, cdu trac khoi thit hai duge ghép noi véi cau

trac khoi thi nhat bang it nhat mot co cau noi; va

it nhat mdt co cau dan dong dwgc ghép nodi voi khoi nay va dugce cau tao
dé duoc bb tri trong it nhat mot co cau ndi qua mang nhi cia nguoi st dung, co
cAu dan dong nay duge cau tao dé bien doi cac tin hiéu dién thanh chuyén dong

co hoc d& di chuyén khéi nay va diéu bién mang nhi cua nguoi sir dung.

10.  May tro thinh theo diém 9, trong do it nhét mét co cAu din dong 14 co cdu dan
dong dién ap xép chdng dang éng hodc co cAu din dong dién ap xép chdng dang hinh

tru.

11. May tro thinh theo didm 9, con bao gdm bd phan thich ung tré khang duoc
ghép nbi v6i it nhit mdt co cau dan dong.
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12.  May tr¢ thinh theo diém 11, trong d6 bd phan thich tng tr& khang duoc chon tu
nhém bao gém bd khuéch dai dich chuyén tay don, bd ghép ndi cing, va bd phan ghép

noi co dinh.

13.  May trg thinh, co thé ludn qua mang nhi cua nguoi st dung dé khuéch dai céc

tAn sd nhét dinh va loai bé cac tAn s6 khéc, bao gém:
v6 ¢6 bich thir nhét va bich th hai c6 ranh giita do, vé nay bao boc:
micro;
bd xtr Iy dugc ghép ndi v&i micrd; va
bo dan dong mang nhi, bao gbm:
khdi, khdi nay bao gom:
pin thit nhat duoc bé tri trong bich thir nhét; va

pin thir hai duge bd tri trong bich thi hai, pin th nhat
duge cdu tao d8 bd tri trén phia bén cua mang nhi, pin th hai

dugc ciu tao dé bo tri trén phia & gilta cia mang nhi;

chi tiét ndi ghép ndi pin thir nhét v6i pin the hai, chi tiét ndi nay

duoc cau tao dé bo tri qua mang nhi; va

co chu din dong dugc ghép noi voi khoi va duge bo tri trong chi
tiét nbi, co cau dan dong nay dugc cau tao dé bién ddi cac tin hiéu dién
thanh chuyén dong co hoc dé di chuyén khoi nay va diéu bién mang nhi

cta nguoi str dung.

14.  May trg thinh theo diém 13, trong do co cAu dan dong nay 1a co cdu din dong
dién ap xép chdng dang bng hoic co cAu dan dong dién ap xép chdng dang hinh tru c6

mét 15 trong d6 duoc cAu tao dé cho phép chi tiét nbi di qua do.

15.  May tro thinh theo diém 14, trong d6 chiéu cao cla co ciu din dong nim trong

khoang tr 1 mm dén 4 mm.
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16.  May tro thinh theo diém 14, trong d6 duong kinh bén ngoai cua co chu dan

dong nam trong khoang tir 1 mm dén 2 mm.
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