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A Prototype Development of Personal Low-frequency Stimulator
with Characteristic Analysis
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Abstract : A personal low-frequency stimulator is a portable device to relax muscle pains of a person. The
stimulator generates combined low-frequency pulses to be applied to pads attached to painful muscles. This paper
reports a development of such device with its characteristic analyses. The major components of our stimulator
are MCU, high-voltage generating circuit part, high-voltage switching circuit part, input switch part and
display unit. High-voltage generating circuit is designed by using a boost converter circuit and allows
user control of the output voltage. High~voltage switching circuit, controiled by MCU, generates output
voltage to be applied to pads. Input switch part is composed of power supply, intensity selection, mode
selection and memory. Display unit adopts a text LCD module to display modes, intensity, output frequency
and user set-up time. Our designed safety circuit, to protect human body from possible electric shock, slowly
increases the output voltage to the selected output intensity. It continucusly checks the output pulse shape and
disable the output when dangerous pulses are detected. This paper also shows some experimental results.

M E

€ Uhe AE A%d oM HF o
Aol sprtolch R Avloh HAH FFel qAY 4
9 o9y A9 AEA Eeldnh ey BF
ZAREAA B4 dstd MzE AFE A F H. AMAR MA
o) 3o #BE A7 BE AAS BAY Apgol

TE AT AT o3 wAHAY F& I ANage AdH) EEEE obgfs 19 15 2o
4= vk olfY ¥FE ARME

o AAEY FAY BE2L "A&e] AAAE] o Text LCD J
H¥5e ARG S Uxol A9FPorM £ -
| sk BEES w29 QG i ARG

[ t

i

Fol Axdoz yehted odd %52 WAANA : !

z AAEE b ol#s AAMTE ZA HOIIZZEA A ::
i

{ i

y {

Agste AFR AFAY 4% B4 R prototype A
of A% AFHRE BojE

¥

3
rr
ol
of
o
>,

v 4

AAAT) o8] BEHG £2S ARAA £0. 0

B4 BERAe 28550 HA 4 And AT

o AZe AHY Fese = Eus U8l o

o sAe wu @ o ok m
AEs A3, AFh Bag YHen T4

o Ao THEL HFEo] EH Moo 2RSS 9 Power Control FwROEHYR Sof Start - DURUHE
A7l 7]71eld, AFs 379 Ayt &9

module?] Zgol $ FLHAME systemo] 22 <2%¥ 1> System Block =

2 A7) dEe nPor A AgAe FHAAE

JEd 378 Fx= A dye FEAFYEA,
TaAMsdol stng E =RdMe FYAE dE22 mote s e, ngAdsE, dANHIE, key scan,

- 349 -



EAR2 FASEY ALz 43S 39 27 ¢A
FAE FASH} At

Key Scan®9] 2#3 8o} w2} F28& M4y
T+ glen 50 wE 4713 2E2 FEEY. Mode
292 ged o8] Mode A(F=27]), Mode B(F%
27]), Mode C(}27]), Mode D(AH&a =E)E AH
g 5 A3, Timer 294 4Ho wa A AT
158/308¢ 49 & o9 Hold 29 93 &
A SRHAE pulsed 7% ARA ez AYE
F At BEARE text LCDE A &89 A 2835
¢ Modes}t F35:, F23A% Ag} System %
Safety ERROR $& BN

. Fe58zo 44 9 54

2 AANE AFH 43719 Far
540 date) 71&wrh

B9 44 ¥

1 vlola B2 4N

& FH+E 4MHzojd AHX A4& ¥
45Ve] AfdAtes YASAG volag T A E
8-bit CPU R 8-channel®] 10-bit ADC, ROM, RAM
& WARET e vl vlela2z2AME HdAYE
ek A2 g  checkdt’l B Ims 712 timer
interrupt® FPAR LY QA EYHE Y2 vho]
AzzzAN HEEY Aold & o Fol

2ok A 3=

2¥ 29 ¢4 DC-DC HWE§ A&l 3VyY
ALE AF 100VE ¢3S Tro] ON=Y Q9 #
E2 AF7 &8 v,e288 2339 Lo A=A}
2 gc}. olnl Diodet wieloix drd zalm Tr
o] OFFHY Afe @9 FEZ vHxn £33Y L9
3HE A7t DicdeE ¥ &£¥ox WEso &
g Aol AFstA €.

@ liem

Vin o——aK
; 1 Lion)
o

s 44 =

<39 2>

g Ao =g

a2t A zAM BHYE FHF 100VE Positive
Pulse®l Negative Pulse® Z2 A5 293o 7
= 23279 98 @ 2dd 219 32 MCUY &

ol AEE B,

Capaci tor discharge pulse ’Uh

port 4 W

ot S [T
el 0
Negative pulse *V IH H H—t

port 433 OV
*W t
Final ouput vave forn OV
t
-y
Pulse Tising thart

<ad 3> 1Y A 29 29

¢ 293 3=z

1g Aoz gz 98 ONOFFHT 10VE #x=
z2H79 AggE A 2¢ 2943 2
0 - 100VE FF8g. 249 0 - 100Ve AgS
7+ R ¥ E9 Positive / Negative B27F Agol 4
#M HFY=z 849t 0¥ 4= 2 293 ¥
2E HdEY

PAD 8%

150} Pizsiez AARIEE A3y
8lod F7petslch.

2
-3 r>

5-1. Soft Start

ulelAZ EZ M A ¢ capacitor discharge pulsed] <]
& FUAHY /3¢ o33 A4y &Y AY B
o AR ALEAVE Heg 289 HArlnc
A Sude WA FYALE FUANAFT TR
289 &9 18 9% shock®E WAANA v o

-350-



A QA7 =7 &FA7) 0 AY B Y8 7 5
B EES gREAN G3A AA AAANES =
Zoltt. 13 5% soft startM2E BoiF:, 1Y 62
simulation Z2#2 Jeld pad 285 o|}.

R R R e
AW M2 ERARZ
HIEAEY
HHBA 4
+ +
¢ c
77 I
ARz
<29 5> Soft Start &
apaci tor s ! o B !

}ischarge pulse OU

High voltage *V
control pulse OV
w

LB e 0 2 4 e —

Positiva pulse OV

SR i N

a,b, a=100nsec

e, f=pulsa nodule d=stand-still tine

<ad¥ 6> sz &¥9y

5-2. System Check

1 msecottt mlela2 Xz AM2 28 BAE feed
backdt] A2 pulse’t 23 H=A HAEY T
4 FY Ayl molazT2AMNE 3% o)A feed
back¥ z] %o 3T mFoE WAy HHER @
T AHelEzx LCDY “System Error’@i EA|dx
system$& A o}

5-3. Safety Check

1 msecult} vlola2 T2 AR 28 BAZL feed
backd i 1 g counts)H ZEahE g3 vz
o wd ¥ B2 A Az Hol 2 msec BT
AAY 2od AM £3E & F Y Agoz B
@83 LCDe "Safety Error”gti X A& system2
AARDG olgg Aie AZ7] e 3z Ao
2 Qe A3zte) QA HEE F Y= dgoz
B 2gEs] ¢t

6. FEAH=
A5g 77 A8 SHoz QA 2l AL I
A= A7} AL BQojth

V. Al2de S3 3 7 AR

Prototype& FH3te FAAZoH T3 2 AHfe
o2 g

1 Al=d] 53

Ax &3 told& ONstd zste] driHd 71
o2 AHAAE Mode A TAAF Azt 158°] Text
LCD®| Display® 3 Mode =¢ Xl 93 393 Mode
o A XE &M we FRAEA Ao md Y3
24 FZ® AF 100V Aol Soft startE 71 %
oz so Azt AYAANI G Plustt Minus 4l
37 ¥4 283d. agAdAdEzE 100Ve dge
AE 237 AUtE AAERIE A"E A A7)
2 2t 293 32 ALEHA Ho mojazEzz
A e 13 FAFA Add n9 NEY EL AA
o] hAR B Za JdXd o AL A9 A
& 3¢t 293 I2Fo AL wd AR
A ArAE 1S B2 o] IXHA ¥ FEs @

TAEHE QA felE BrYe FAHT BE Wag

zag AW A4S Hd¥ AYL AF Mode
o+~ B2k ng 2904 st o 2939
o A0 Bat 2 4R FAd o4 17 A
FAA AR AF 2L Pdd o8 A
z 29ud Fged

2. Flowchart
a9 72 A2¥ flowchart® BF 2, 13 88 <l
HHE flowchart® ¥ojFt},

C Power ON »)

7O port 3% D15t
RAM Clear & % 71 %)

.

| o & Mode operation ]

<2y 7> A 2% flowchart

Al 2718 & F 7|8 $Fo2 HAW Mode AZ
A Mode =94 oJ8] F=2]7) A Mode, $F27] B
Mode, “+27] C Mode$t AH4&t7 438 2EL &9
3= D ModeE H¥3m 2o Z2ay PES ¢4
Hog wE Y3k Timer 2N o5 1520}
3029 FHAT AE 4AY $ 4 Memory 2913
o g8 AMHERIE 93 ZES RAMOl AAsld Mode
Delir g ¢AgE v Y-,

- 351 -



{((Timer Interrupt Start )
Modo o 2 ]
- i
,.@,. 221 o {EH Modesl Modue s
wle ]
Timer WA ]
J

Display & Systern HX )

Display & System 24 |

Powar otf ]

Display & System 3X1 |

<1¥ 8> UHYE flowchart
MCU Wi%-9 1 ms9] $7]2 35+ Timer Interrupt
Aul A~ € ol A Mode, Timer, Memory 2938 A}
st 294 Al e 715 ES £33 System
of nAUA HAgn 118 Q¥ Safety WA 2L Low
batteryAAL . A g},

3. 74

ol#f 1¥@9E MAE prototypes) AbFelrd, 7 cm
Zo] LCDF 743 & size 24 AE AAde o
Z2 372 AFe] e gE BAED

<2ag 9> Prototype AR

e LNt L PR

o, §, K rvess

<2¥ 10> 53 ¥ Pad 2344y
28 10& PadilMe] &9 #Yg noEn

v.d &

B =2dAe NUE AF% 43719 5H44EYE
A8t oo wig ¢AGAE F718 Prototyped
A2 & Aol Bed 7jEdAT AAEZE AT ¢
A= A7 A8 2R AgAA XA 8 F74
#EE dgn, 2EAYL 2502 AAEA {I T
Ao} FHEHEA HAEY, F3d LA wE
Az e 2% AAANEE s a8n g
# 71719 prototype R o1& o] &% AFFHA A 4F
#E BGov FHAZ Systemd LCDY vjolaz s
2AM ERAYe] 5V)E A (VIS A4 &
A5 AAecd JAd AHYY £8 systemE T
Y & ok Fo2, AEA %% o AP
HPBAE AFANE ¥ Y4AY data® U8
g2 g

Huzs

(1] D.Ottoson, T.Lundeberg A, 539 A&, 1991

(21 9742 A, A71A8%]1 - I, 1998

(31 ol ¥ A, d3A7IXN&E, 1998

(4] HEGFESGAY 1A A 1999-645( 5479

ANAAXN kAo g FHIE FH)

[5] ANSI/AAMI NS4-1985 American National
Standard for Transcutaneous Electrical Nerve
Stimulator

[CE #@ ]

[6] EN60601-1 (1988) General requirement for safety
+Al (1991) +A2 (1995)

[7] EN60601-1-2 (1993) Electromagnetic compatibility
requirements and tests

[8] EN60601-1-4 (1996) Medical Electrical Equipment
Part 1 : General Requirement for safety
4, Collateral standard: Programmable Electrical
Medical System

[9] EN60601-2-10 (1987) Specification for nerve and

muscle stimulators

{10] EN980 (1996) Graphical symbols for use in the

labeling of medical devices

[11] prEN1041 (1993) Specification for information

supplied by the manufacturer of medical
devices

[12] EN1441 (1994) Risk analysis

[13] EN30993-1 (1994) Biological evaluation of
medical devices

- 352-



