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A Sensitive Reflection-type Pulse Oximeter Using a Gated Avalanche Photodiode

Tsuyoshi M1yaTa,” Tetsuo IwaTA,™* Tsutomu ARAKI

Abstract

We propose a reflection-type pulse oximeter that employs two pairs of a light-emitting diode (LED)

and a gated avalanche photodiode (APD). One LED radiates a red line with an emission wavelength of 635 nm
and the other a near-infrared line with 945 nm. These are driven with a pulse current at frequency f(=10 kHz).
Superposition of a transistor-transistor-logic (TTL) gate pulse on a direct-current (dc) bias, which is set so as not
to exceed the breakdown voltage of each APD, makes the APD work in a gain-enhanced operation mode. Each
APD is gated at frequency 2f(=20 kHz), and the signal output is fed into a laboratory-made lock-in amplifier that
works synchronously with the pulse modulation signal of each LED at frequency (=10 kHz). A combination of
the gated APD and lock-in like signal detection scheme is useful for the reflection-type pulse oximeter owing to
the capability of detecting a weak signal against a large background light.

Keywords : reflection-type pulse oximeter, avalanche photodiode, lock-in light detection.
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Fig. 1 The output signal current and dark current of the
APD as a function of the reverse bias voltage (V:), to-
gether with a circuitry diagram for the gate mode op-
eration of the APD.
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Fig. 2 Schematic block diagram of the reflection-type pulse oximeter. AMP; wideband dc amplifier,
BPF'; band-pass filter, PSD; phase sensitive detector.
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Fig. 3 Explanatory diagram of signal waveforms obtained
from individual points (A~E) on the block diagram
of the reflection-type pulse oximeter shown in Fig. 2.
(a) TTL gate pulse (A)and incident light on the APD
(B), (b) output signal waveform obtained from the
gated APD(C)and that obtained from a band-pass fil-
ter(D), and (c) photoplethysmograph obtained from
the lock-in light detection system (E).
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Fig. 4 Oscilloscope trace of the photoplethysmograph ob-
tained from (a) the index finger (1=945 nm), and
(b) the middle finger (=635 nm).
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N PA L7z,

B 6 1%, HIRICHRTOLE T /87— 001 mW TASL,
ZOLERONINEREZRL TS, 22 C(a)ldil
O DCEIEAPD TRz %, £72(b) 7 — MHRXT
720 TH 5. DCEMERF & 7 — MEMERFICIH T S APD
DA EHFELLT BH720, DCHIERED APD2 ~DOHI
"EIX 1425V & L, = P HRIZBWT TTL 78V R ZH)
MUBEOE -2 BELELL RS X I L. 61
DC i APD @ i1 % /%)L 2565 & [ & & 72 PSD (23



(728) HAREE T2 43 %45 (2005 4E 12 1)

x, oy oA UVBEBLE ZORPL 005 K912,
F= 1 FRE WL Z EI2X D SN A 20 5k X7z,
CNIEFHEI D B KELYUETHY, BMROUBZEECEL -
T APD WEBOBFE A 25 PI) S 7248, MEr AN S
bt Bbhsn, ZZTR6E62H S0: DX KDL &
9%\ o7z, WK OFE MBSV A F T A= THDS
N72S5,0:1397%TH Y, WHITITIFHELW. 2D XHI
WESTE 5 T > T EEBEEHN T RE L 72 5 2 & 2 R
L7-.

4. % =

7 — NEIfE APD ZH\W-a v 7 4 ek i 2 RO
RSOV AF F 3 A= F I \#A L7zAER, 1o ZRED L
AFF T A=F LHEOWRELRZ. EHICLED bz
1/50 IS L7255 TH EMRE L FFO Z L 20 h o 7-.
W7 7 AN—%EXZFHLT, BHAD L VIZRTOLEINR
Wz B 254, SGAERLE O RK TRUILDGEAES 12 2
b2 ED% . ZOL) BRIRWT CR-ETFEI % 58
g 5.

Lo FERClx, EHNRBH ST O T TlllE 217 -
7oo RIS SOV A G T X =50, ERINZENRT
TREPRALR TV, BAZKKT 272070 —-T D%k
WICIEROBEL L TV 505, KE & 7 a—7 o8Ik
TIZE > TIREERBABILIGHETH ), REBETHK
HOGE T O BRRE O FORASTRA Lz, MIBE 5 x5
LR G DB T4 5% THDHI L eE2 5L, bTh
THho TORLELTRILORATMEITKE 2 EEL Y
ZAABNDD A, Lo LEBKREICORLZLHIZ, FEH
R CRBEFHIAT R 72, SO ERD, TEEAD
WRE L THEADPRET L7 — MRNIFHTHL L%
ZoN, BREE~OHBENKEICH LT 5.

FHALT 5 L ToOREE LT, Retofiird s, R
PESEE T 100 VUL OB TEIETAPD Z BRE) L, B2J# 12
HEB2EESETHMEL TV L7720, REICL S HH~D
FA=IUPEEENG. FERMICBWTIE, FEEmMNE R
K7 7 AN—=Tu—THEAL, 51220V FRETHME
T HNEEEER APD 2 FIH 35 Z & Z25HH LT\ 5.
ZZTHEUIMBETORDICOVTIE, LICERLE
B MEIZ .

R SOV 2 F F 3 X — F 3B BRBI A THEEER
NTH B0, REBLTEICHERESGEND (KRB
W) 2L n(12]. EFHLEOBEISIE, S0: BB
X ZEMETE B REORME S ZFHI$ UL, HBIREC
ERICID IV AFF I A=F L LTCOHWERT L
3TE%. LA LMENOEEMEZ LS 5701213,
PHE T A AN B E SV TH L. SRORERET
12 WERMEERE A LI & R 7228, The —1k
fELCEEEZRDICTLUEDND L.

UEo X ttEZxKY), HEOBEREIIWHT ST
AL ETEMAMLICIMIT CELICHEZN LSS R2ITN
X7 67w,

5. 5 b W (I

ARTIE, BB SOV AT F v A —F 1BV THHBIRE
% L5700 BN T EERE L., 2ol Ll
XORER LD O EKERIN A EITE, WRERLERE
LI ENTEDL IR T,

EREEONRERE OB, BEMRAEZFTERL,
M OFKEE, MmRECRTZ EDMAE 525, &
D &) BB WERE GO T, BEMEEIRNEZ5HI3
EISHFEPIE X SICEA S, T80 SRS 2 0
T5ILETRTYORMWGRZER LGS Z L TEIL,
BIZIE, A LVAOWREREBHERTEEICZ Y [13], 20
FHMMEIZE T ETEm G5 THS ).

X (73

1. Mendelson Y, Ochs BD: Noninvasive pulse oximetry utiliz-
ing skin reflectance photoplethysmography. IEEE Trans
Biomed Eng. 35 (10): 798—805, 1988.

2. Kyriacou PA, Powell S, Langford RM, Jones DP: Esophag-
eal pulse oximetry utilizing reflectance photoplethysmo-
graphy. IEEE Trans Biomed Eng. 49 (11): 13601368, 2002.

3. BHOEIHE: BAF 2 MY —OHGNE R EHIR - R
2#.30(10) : 644—650, 2001.

4. Matsushita K, Aoki K, Kakuta N, Yamada Y: Fundamen-
tal study of reflection pulse oximetry. Opt Rev. 10 (5): 482
487, 2003.

5. Reuss JL: Multilayer modeling of reflectance pulse
oximetry. IEEE Trans Biomed Eng. 52(2): 153—159, 2005.

6. Niwayama M, Lin L, Shao J, Kudo N, Yamamoto K : Quanti-
tative measurement of muscle hemoglobin oxygenation us-
ing near-infrared spectroscopy with correction for the
influence of a subcutaneous fat layer. Rev Sci Instrum. 71
(12): 4571-4575, 2000.

7. Miyata T, Iwata T, Araki T: Simple, small-sized, lock-in
light detection system using a gated Si avalanche
photodiode. Proc of Optical Engineering for Sensing and
Nanotechnology ICOSN 2001. 2001, pp. 444—447.

8. Miyata T, Araki T, Iwata T: Correction of the intensity-de-
pendent phase delay in a silicon avalanche photodiode by
controlling its reverse bias voltage. IEEE ] Quantum
Electron. 39 (7): 919-923, 2003.

9. THINEHE: SV A4 F T 2 M) O RELEE. KR
66 (8) : 440—445, 1996.

10, HFMNEME: SV 2+ F ¥ X2 — ¥ K45~ 68(8): 315-319,
1998.

11. Hayes M]J, Smith PR: A new method for pulse oximetry
possessing inherent insensitivity to artifact. IEEE Trans
Biomed Eng. 48 (4): 452-461, 2001.

12. Yao J, Warren S: A novel algorithm to separate motion ar-
tifacts from photoplethysmographic signals obtained with
a reflectance pulse oximeter. Proc of the 26th Annual In-
ternational Conference of the IEEE EMBS. 2004, pp. 2153—
2156.

13, FHEFA=, STEMT, AR 0, AR T8 R RERE A LR



B OENEA RSV At Y A= (729)

VRS B DB R O A BLIE 2 2 T3S 4 MR Bt e 7
. AAREE T4 42 (4): 90-99, 2004

E@H B (3v¥y vIay)

1995 4Ef 5 K5 LA LR A2, W
AT 3 S P R R R R B T,
2005 FE R PRKF K R 3EAE T2iF7e R Bk Al
WA RIERARE AL, BAEICES, MY
OB HEHNAE, AR,

AR A4, BRI A Bl a4, oY
BiEEgy, HAOLAE4:, IEEE 202 H.

BB B 75 TUF)

1978 4E KPR 22 T 22500 H Wy B Bh 2R 3,
1980 4 7] LA=WF S5 A1 G ) 1y B4 S B 7R AR
57, 1984 LA T, Lot H
AR H ARG T3E (BR) A%, 1989 ~ 1991 4 1 ~
T4 T T RFE TR E, 1998 4Rl S KE T
TR T 2R B B0, 2002 4E R #HZ, BUE
IZFE 2. HMOL - uEhiikes & 7 — 7 WA F Lo %.

HARMEM A4, SRl A, ISHpEY S, HAORSE
%, OARSG 44, Society for Applied Spectroscopy, Optical
Society of America 72 & D& H.

WA (7% YA

1977 SERBURF R Be T 0F 7RIS i 2
FHBE LG T, 1978F 74 A3y
KAWGEE, 1979 4 A S K2R 25 0 T,
1987 4Rl B R LA B #3%, 1993 AR fE R
FLAEREIZ, 1997 4FRBRR R e A T
e R R, BAEICES, Tt B
it BEMIOBRHERIS:, AAREHI.

HAEMRETL %, HAREWSS, IWHDHY S, BALE
4, HARZ %4, Society for Applied Spectroscopy, Optical
Society of America % ¥ D& H.




