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ABSTRACT

IEEE 802.15.4 is the one of the protocols for radio communication in a personal area network. Since it aims
to provide low cost and low power communication for ubiquitous communication, it requires high level of
optimization in implementation. Recently, there have been many studies on the performance evaluation of IEEE
802.154 MAC protocol. According to the results of the studies, it is tendency that the transceiver is
implemented to SoC type. On the implementation, the specific functions of MAC like CSMA-CA and MAC
frame handling is designed to hardwired functions. In this paper, we implemented the protocol with hardwired
low MAC (HL-MAC) and its state machine for the optimization from the physical layer and MAC layer. it has

the characteristics of the small code size and the enhanced power consumption.
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BI = aBaseSuperframeDuration * 2°° symbols |

SD = aBaseSuperframeDuration * 2°° symbols |
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Inactive —
=

CAP ‘ CFP ‘
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BI : Beacon Interval

BO : Beacon order

CAP : Contention Access Period

CFP : Contention Free Period

GTS : Guarenteed Time Slot

SD : Superframe Duration

SO : Superframe Order (0 < SO < BO < 14)

One symbol =16 usec/25usec
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g, £5417] 9 HL-MAC 3l=¢ojZ3E]e] <l
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o] H-Hel LMAP(low MAC access point) ©] It}

3.1 LMAP

HL-MACS 9t I1AbellA] Al Hghel 39 7)%
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48 d2|ele] A4l oln) <ol AAR
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3) AACK(auto acknowledement) : —’1‘—" 1% =Z4¢]
°] MAC dtjelld] ACK Z#H e 278 7
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aTurnaroundTime ©]%, pending flag7} 022
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4) Re-transmission : MAC Z#H|YU2] 441 & Ack
:_L_Eﬂ?;!% % H]—.O__ 7:] ° M] rr= L_g_
S AHE ok z’P‘:‘r ufebx], S
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ZIA A el B wizkA] &, state
machineol|4] $419] £3 oMIEE 7] 27}

4

N

( [‘_i_, o
IH

Cr_u

ofs

99

www.dbpia.co.kr



241813 =] °10-01 Vol. 35 No. 1

A HL-MACe®l4+= Tx FIFO9| dHle|elE A
& FAAZIH, ARE 7ReElE Alslel PEH
oA AHEE & ZALA ollelE wEket Zll
2ol gt o ES A S SlAl gk

5) CCA with Tx: HL-MACS CCA7} &3}
Ao o] wlel QA& A% A At
she 7S AlFgch olw, NB(mum of
backoff), CW(contention window) 12|31,
macMaxCSMABackoff ¢} 742 CSMA-CA =}
eule] ghe Sl ol coae] At ol
Hkodgh JIEHES #ert

6) superframe management: beacon-enabled X
ZollM®] superframe-S T7&317] ¢]3] HL-MAC
of4]:= symbol resolution (2.5GHzel|4] 16
usec, sublGHzol|4] 25usec)2] #-& Elo|H=
A&}, superframe E}e|"+= slot boundary
9} backoff boundaryellr] SQIEJHEZ HHAYA|
7 4 9)oH, beacon £7]3}A] MHP2} <%
3}l beacon A1 A], SFDelA Elo|wr}
reset®| =5 A 5 9lck

7) Auto-CRC, AES-128/CCM encryption/decryption
‘:MAC =E#H|)S A F A2 % CRCE
A=z 7152 As3shd, security A=7}
23 7%, encryption®} description®] 7]%
&= AlFsh

3.2 SWC

SWC(Sleep-and-wakeup ~ controller)t  A+$]<]
TRx state machineol|*] Z} Arefol| wje} F 3k A
A RER AxEE A APIE AlFSEh T
gk SoCellx] AlFgshs A Res o] ¥ 1

3} 2

;%

¥ 194 PM_FULLS MCUY Hiu 9
(32MHz)& A}Fg3l= ®Eo|n], PM_SAVE: Al
gl S2(16MHz)S AHg3R= ®=oltl. PM_STNBY

E 1. SoC A 2% Fepale] 89F (uA)

= Value
PM_FULL 20,000
PM_SAVE 9,600
MCU PM_STNBY 296
PM_IDLE 0.9
PM_PWDN 0.4
Tx 17,400
. Rx 18,800
Transceiver
IDLE 426
PWDN 1
100

9} PM_IDLE Z=i= AAHS 28 32.768kHz2]
Z25 A83l= mTo|th PM_STNBY®TEE PLL
55 vEgE 78 3l=de] BEEe] Wk A
eoflA] wlZ F2te] 753t Adejo]A|wh, PM_IDLE
o= RTCS A vWmelE A9k »nE 3=
ole] Hslo] zpcdwEwn], o) <AE|FHEo] 23] 7je]
4 9l eF 500 msec AHES] start-up Al7re]
Z 93t wool|tl, PM_PWDNX == power-on-reset
22 7ol 4 glrk

3.3 PEH

A7) A9} HL-MACeA9] <lEfE=
PEHZ 98w, PEHE HL-MACY] 7} A |
A|zElol] ZA| QAE|FPEE LZEe] oHER
7IAA 2418 Sl AR AR Al AHols
oWl EEL :L% 5¢} zc) 7+ olulEe] gk AdH

< vk Aellx] Adeiz|Ale o] ARl

E_RESEST

E_EXPIRED TIMER
E_PD_DATA REQUEST
E_PLME_CCA REQUEST
E_PLME ED REQUEST
E_BUSY_CHANNEL
E_IDLE CHANNEL
E_CHANNEL_ ACCESS_FAILURE
E_START TX

E_TX END

E_TX END_ACK REQUIRED
E_NO_ACK

E_RX END

E_RX END_ACK REQUIRED
E_TURNON RX

J2| 5. TRx oMlE 9]

3.4 TRx State Machine

IEEE 802.15.4 PHY/MAC?| #HA3S s A
Agr Akl 71A41e] F+x2= 23 63} 2t} TRx state
machineS 3}¢]¢] PEHE %3] oWlEES wko
Al—o] zﬂo]c»],] MAC =g]w (i=R=R o]q}_E% ulo}x{
A2 & oS 23E &g MAC =Z2|u]g|Hd]
A}l Ae] 7)Al= CSMA-CAS] 348 x3ksh
A Falel] wEEl AlNES WAl IEEE
802.15.4 oA #H<e|El MACe] o4 PHYS At
g 2 A1z oMl EESS oduksl AAH A}
Zk Aefe] Aeje) Al FEke ot Rtk

1) _IDLE: A]2®le] z18]o] #HX|3. E_RESETS
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