B IEAREAS & A T L2 B 1 B KM BB LRl
(2 B89 & Ak

E58: jpn

HhRE

/ABIR: 2017-10-05
F—7— K (Ja):
F—7— K (En):
ERE: =L, E5
X—=ILT7 KL AR:
il=F

http://hdl.handle.net/2297/26701




£ 4 =t EF
¥4 o0 BE HEEE@®
¥ 8 EFH HFEE863F
FAEEOEM FR194F3A22H
BRI EOEH  BREL (FURAFE4EE 1R
SAigEOBE  EEREREE VAT MBI A EREBRENLBINICBET HHR
AYBEZA (FE) KA FH (ARREHER - &R
AYEEER BIER) I Bk (RBERER - BER), AKE B (ARBERERN - BER),
SE Eh @BEATATERYV Y- PR, EX KE WFAE-ER)

Abstract- In this dissertation, I focus on short-range wireless communication where data rate is
low. The first work is set to an energy-harvesting SoC (system-on-a-chip), which is dedicated to
a wireless mouse. It can make data communication within a 1-m range and its total power
consumption is 2.2 mW. This is sufficiently low to operate with energy harvesting. Next, I
propose an aggregation efficiency-aware GIT (Greedy Incremental Tree) routing for wireless
sensor network whose aggregation point changes according to aggregation efficiency and
energy consumption can decrease compared to the conventional GIT routing and opportunistic
routing. Then, I describe a model for transmission power control. So far, it has been assumed
that a transmitter has a power consumption of O(d"), where d and n denote a transmission
distance and a pass loss factor. However, I verify that an actual power amplifier has a power
conéumption of O(d’), where n/2.8=r=n/2 (this is called efficiency-degradation model). The
efficiency-degradation model gives impacts against the transmission power control. Lastly, I
propose a voltage amplifier with low-standby-power and low-active-power capabilities. A
sensor node often enters itself into a standby mode when no communication is required, and
hence a standby power has to be suppressed as well as an active power. The BSAMP draws less
short currents since its bias points are slightly shifted from the middle of a supply voltage where
a maximum current flows. The zigzag-style cut-off transistors are applied to minimize the
standby current. The standby and active powers of the BSAMP are lower than the conventional

inverter-type voltage amplifier by 86% and 46%, respectively.
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B SLERE R VLTI EREIEL L C, A% A TIEITA YL ANy T Y— L 22y R
FEHLU BETIEGESZFIAL-REREIT 3SnWll EOESH ERAEFGETHY, =
DEITEHETAIAYL AL F—T = —ZNjESoC (system—on—a-chip) DF&E L RIER1T
27z, ASoCIXRF transmittertmicrocontroller CHER AL TV, SoCOT vy /X% Fig. 11
Y. ASoCORMIZ, RF transmitter# 2 AL H = ChHBFSKEELIL, BAHMRE
L 72 Z & & microcontroller #f % ~ 7 A B fE IS # {L S ¥ 722 & T B. RF transmitter k
microcontrollerZ &L 727 AhF»F%TSMC 0.18-um CMOS mixed-signal 7’ 1z A CRAE
L7z. Figure 2 IZRAEL7ZSoCOF v/ BEE%57F. Microcontrollertd s — N&IX 6000 {ETH
9, ¥ AR1L0.45X0.6 mm*Th%. RF transmitter®HAX1% 45 X 450m2Cdn5. ASoCiLE
JRERE 1V, RREEHEHY 1mBFICRFETH 2.17mW, microcontroller#i CIS & F 0.03mWe
WIORERNELN, VAT ASKTIHBE Y 2. 2mWZERLL, B SEREEMEICHORE
HEEHFESIESNT-.
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Figure 1. Block diagram of SoC.

3. Wireless sensor network (O3
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- %%ﬁ%—/—/v&oégrtérpa%%m&rﬁ%%mz&vﬁ@ SHDOREE T,

—147~



4. Wireless sensor network IZ33V 3808 %% B U= GIT SRESHI S0 Al

WSN Db DB EIHOEETIX, F—FERICEEENERVIILERESN TS
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Figure 3. Wireless sensor network.

T, %) —FRSELLEERT— 4% 1 DOF—FELTROFRY S IZEFETS. LoTHR
5 a¥Ah R EHIRTERR, FAMRREASESRESNS. IV—BRIICHAVWSIL
DTCEBEMTELLT, F— BT RITRIIC T — & 53 88T SRR 85 2.
ZLENEBVESA I, RAFIATREBETHEUTVTYRX LTI, GIT (greedy
incremental tree ) routing AAELHREITHBHLENTWVA. GIT Tl 1 2 BD7 746/
—K(source) & sink iXB4H AR, MO source IXE D/ SAIZEB/ SATERET S (Fig,
4 (2). UL, BEMICEYT —#3 BN B R AN R T R —R T —F BRI
BIWIZ, IV sink [GEVEATT—FEREITHIZL CHE IR —REIR T L5, &
STARETIE, BBENEZITOIRESITEHPBVIISC TRERBHIRAEZBRTD AGIT
(Aggregation efficiency—aware GIT) routing Z#RRL7(Fig. 4 (b)). AGIT routing (=317 558K
AU sink 1238, BREND, SAILEE SAZ TS % opportunistic routing VD
DEi5. 3zl —arizky, AGIT routing 24K D GIT & U opportunistic routing Lt
BTk B4 Fig. 5 IDRT. 22T, AGIT routing DB =XV X—HIBEhRE gain LEHE
T3, ALIal—arTRBBENLLT header elimination Z{HELTV\5. TN,
payload YA X B3/ &V MEAITINIRIEZ LN L AT LA TE, AGIT L GIT routing T
RENARRATFERCbDERS. Fiz, payload YA RNRKELRY$EBE, AGIT routing T
BRI B/ Al opportunistic routing THERIND/RRALIZIERLLRS. ZOTY, gain [
payload X7 4, 36, 108Byte LHIHIF DI ONIEMIL, 216Byte DBEAITIIRAHL TS,
F7=, source DEAIENNFT BIZ o4 gain HIIML, BKR 8% EEERLT-.

$7-, RIBIRFRDT-HD exploratory message ARy —7 SR IERBOE I T BT
¥1Z, hop exploratory scheme ##RL7-. A& J7A T sink & source R hop #LL T @ hop
BoERE> /—RIizD% exploratory message #%{&9%. Hop exploratory scheme FRWBZE
CHRADTR OB T XX —E K 4058 THETHDFe. 6). Lhl, ADBRK
DD T BT IZ gain A3 6.7%ETHWAT5. LT, AGIT routing & Hop exploratory scheme
DOEICA —R A7 BEET S, Thix 7 — 32 ELERSRE T2 IEEL BRAKIC
KETHLEZDND.
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Figure 4. GIT and AGIT routing.
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Figure 5. Gains by nodes on the path tree Figure 6. Total energy consumption in whole
(header size = 36 Byte). network until the path tree is constructed.

5. Wireless sensor network (2351} 5% E BB M L2 ESBRBLREEE TN
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WSN OFBIHED—>DHEThHOEEB/HEEERT DB, (ERME CIiXE
HOWRENL d0 n R (dILBEEERE, 0 i3 SRBEERE) ICHAILTETBLEES
T Ll, ZORETREHRBEIC—EORAITBVTRIZSLDOTHY, HE
CIXEEHRIEBHTILEIONS. Er CANECIIEERORKRETHE power
amplifier IZH AL, AV —F L REBEERE AV BT EHET 3L, cascode
power amplifier (Fig. TNZHL CTERBIBRITLL T2l —Tal 270, EEPDROLILB R
ETHEERE L. CThODOM L Iab—tavindy, EEDRIBELTIHES, %
RROBRES L dO o/ mRQE=mS2ONTHAIL TELT LV SR RBELNTE. LoT,
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m % degradation factor &9°% ED (efficiency degradation) model %ﬁ%b?ﬁ ZIT, n/nFri
FTHLREBHHENE L2 DEMRELLTITRT.
(N =1 A g < FA — 1+ 1.

N, JTEEENE XML CRE L LEICBERIRELIL/—F PUSNTT—FEZEGE
— N TPYL I —ROETHY, A IR ERICBVTEEEHNORLIZERZD
EDEHLEEBORREBENDLERL, AnIZEROEHLEERORKHER
FBAHOAERL TS, ZORMNHED modeliZBITBATEIZIERDET MIBITFHrED/hS
Wb, REBHEIEICLAEEBNOEIBHELZELNUNIERDND. Lo T, &
BEEHEHEEEBRTIHESIC IV ERREREBIOITL, #ETT /VEDVHED modeld
FRBELTND, BT/ —REEMESH— =TV 745 — R BD RN, DSFEFIC
INEVIB IR DT T VLIS BN R R 2 BAEMNRRE THHIOEE T D4
ERHD.

Figure 7. Cascode power amplifier.

6. Wireless sensor network i carrier sense #§fE% &> 433MHz %, 356-pW BIER S
WSNESH 433MHz# et —L - Milon-off keyingl- v —/SOHE BN D 94%% 5051
PR BRI EEHIEROEEE BHLEITole. WSNTIRT 7747 LB FERITIRS 99. %D
R NRA L AR THD. Lo, TITATRDHBRENLRBRICAS L N AFFDOIHFE
FEHOUIRLEETHD. HEROEIRRIZAL N—F DA N EIRFTER T ORA THo
FBITEVELES A EEON, ECEROBERERS/TNHERENIHREVEVIFHE
Wepol-. R THBSAMP (bistability amplifier) (Isub amplifiertZ k574 —RRy IR R
> THY(Fig. 8), AF1EH%HIEY Hmain amplifierd/ A7 A BEVETBHILTTIT 47k
DEREFRZHITL T, it/ﬁ‘b“ﬁ’*”ﬁ/Fj‘7ﬁ_t%*€x)ﬁ'?‘5_kfx5’//\4ﬂ#®{ﬁ
BEHPE/METBILICHEIILE. S ialb—var DR, BSAMPIIT =R Sy JBfFIC
IOPEREFEDBES A B EBL DD, AFL AR 86%, 77747 KEIZ 46%DHRE
F B BB ST, 99.9%DFEEIAIAL L SADEHIIL BARDTHB BARIBBRIELN
J-(Tab. 1). $7=BSAMPIZHIBEIMEIC KL TR/AMANE BIRIEE R D, SHICEDRAAT]
EEEERY, VickoTHETEETHE. ZORERRIMATLILT, F RVIRILHERE D
7=¥Dearrier senselfEF B AIRETHD. TOBREIZL>TMACIZRY VCEBKARBIEDR
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Figure 8. Schematic of BSAMP.

Table 1. Total power consumption of BSAMP

Standby Active Total*
Sig. “0” Sig. “1” Average
Conv. 167 nW 680 uyW | 628 uW 654 W 821 nW
BSAMP 24 nW 278 uW | 4354w 356 uW 380 nW
Saving 86% 59% 31% 46% 54%

Sig. “0" 7277 4 TRIZESANNZNES
Sig. “1s 77T 4 TRIZAEBEA NN D 2KE
*399. 9% DEFHEIMN R & L 31 DIFE
(=
AEF I ARy T —7 DEBL DT O EHEERIBE L AT MBI HIEEEE AL
A Y it o SRy el SSRGS Rt Pl (AN §: 0 AT I sy et
BL, BIMEIRENER NI SEEHEIRE WSN S AT ARt SLRE L. o
MBIRENERL T B AR S B B L Tl U A L R~y R B H L, EERES)C L
DRETDENTIETDIA YL AL —T=— 2N SoC DREEZDRIERITT-.
RF v TILLLFMHORER, & SoC ILBIEHME 1m BHIHBES 2.2mW Thote. UL
B SLERBEIC AR MEN B E NS ThHB. |
H72 WON IZBIL TRMEHB =R L ¥ — B BRI 7 0 haL T B AGIT routing, LV
KH2THRESIET VThHB ED model K MEINE EHEK ThBD BSAMP D3 EEL
7. AGIT routing i3RERDFIED b~ AHI 8%DINE T RN X —BIRENELNT. F
e, FEENHELOEBR T INE — 2 ERTIEEIC, FEEOET T ED model 174
NELORBRREREB DT LA WL LT, BSAMP IZHESR D BIELRIZ H~ 99, 9%ESFE 432
FNADEGET 54D B B HIW AR LT
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