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Bluetooth™ Transceiver LSI Employing RF CMOS Technology
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As wireless communication devices incorporate an increasing range of functions, the design of wireless communication LSIs using scaled com-
plementary metal-oxide semiconductor (CMOS) technologies is now attracting considerable attention.

Utilizing a radio frequency (RF) CMOS technology, Toshiba has developed a 2.4 GHz transceiver LS| supporting Bluetooth™ V2.1 + enhanced data
rate (EDR), which has achieved the world’s highest level of sensitivity. Furthermore, by applying the temperature compensation technique, which was
reported at the Custom Integrated Circuits Conference (CICC) 2007, the high sensitivity of the LSI can be maintained over a wide temperature range
between —40 and +90°C.  Fabrication in a scaled 0.13 m CMOS technology and operation at a low supply voltage of 1.5 V result in low cost and low
power consumption.  We are now planning to integrate the LSI into a single chip with larger scale digital intellectual property (IP) in the near future.
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Example of Bluetooth™ hands-free automotive application
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Block diagram of Deuce chip Bluetooth™ transceiver LS|

5 LNA OB FBEIRE D ERIC 2 > THIR T L LR
Loz,

LNATHIESN 72 RFEFE, ZEIFT RMIX) THRH
BB H L SN2, NIRRT 4 05 (BPF)
T EWEAA—TVE D REEND, D%, FIBETTZBEE
#r (VGA) I2TH 2 — DRI S, 7Far 78
2R (ADC) TTFYIMEBALINTT VY IV EBHERIC
AEn B0,

Deuce 7 v 7OEEHZFE 412777, 0.13 um CMOS 7u+t
AFMCEESh, RV arvigllg, SEREeE, &
Sy FH&EELEZHZTHY, MIM (Metal-Insulator-
Metal) ¥ ¥/33 7 Z T DT TE %,

| #13mm
I |
—ss » ~ u .
PRt R
\ :
P o
1 ..-:: (';1
i i Il'-
| b
1 I ]\\l I ll H |
BRLF1L—& JPEBREIRIRR
X4. DeuceFY7DEE —0.13 um CMOSHEMTHEEL TS, i
AD8y FEBSREAEE TR, oL LR T LNA DS %,
Photograph of Deuce chip

4 RERFFTEZEREFM

ZASRKGTOREME LTI, DWTO3HARITFON S,

¥9, WEBPFORMTH B, Ktk 1 A=V Wzl
572012, BPFOHNIHIMEFLEERTFORREINLZ
BR) 72 =X 74 VI ZRE LTV, ok E% BPFIC
Y IAALHEBPE 2kt 3628 T, HEO/NGRILZE
X572,

W2, VGAIZBWT, CMOS AA v F OE @R DKL
TN EWIFFEEFIHL72e VA KPR REIOBIESEC
HY, BHOBEMEZETOHRE ALy F TV HEZLIET
EIETFT LA LR SEEEIIOME 2L S &, oMbt
EDOZAIZIS U CTRIEAS 22 b 3¢5, BIEAHORE
KPR TOMMBECRELZ LD, FHOWEIED
63dB CTHZEAT v 7)1 dBDEAREELRVGAZFEHTE 7=,

B2, LNAOBLEARZREICLST—EIZTENNA T A
WIS R X IR BEME (BCS-TC) Hifli & B% L7z
LNA L, Mew oz &0 6 B bR &AL o % 5 %
Bhpn/zo, BREECOEBEANGIBIL2VES, B5T
IR TIINCIT VA My, My DN 7 A8 & il BE LS
UCHE L7z EIC ST LNADEEFEA—EIT BN
ATABRETMELEDOMBEZ VI 2L —Y a vy TRORERZ
R6IZRT. A58 F T ORI M ERE (TC:
Temperature Coefficient) # £ 35 &, KOBIFRTRTLD
2B E D LD bh ol PR T Fa s kT,

BIRAR
|mal¢ IDla(C]D Iutal<]D |ma1&> Ipta|<]D

} } } |
borso| oo | loonss | ot | oo | gy

F&JLOI L

O RFE e

O RFH AN
My Ms |
RF A1
o— M M o Ms
e L]
o— |
b

R5. LNAENATAERSHKER — T LNA N, 24T
AEBEEIHETH LD, LNADBIEFHAREICLST LD L)1
INA T ARG B TE D

Low-noise amplifier (LNA) and bias current synthesis circuit of Deuce chip
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Results of LNA bias current simulation to maintain constant gain of LNA
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Temperature dependence of measured sensitivities of Deuce chip

30

RF CMOS#Hffiz %L, MaiF v) 7% 24 GHz 4
® Bluetooth™ Rt +5 > 2 —/NLSI %, 0.13 um CMOS
MCTEBLz. FEREREST-90dBmE VI HVZE
KEZERL, INFTITHRESINTNSE CMOS 7't AF,
MCEEL R F5 Y Y —NLSIOPTIE, R EDOZERK
BEARFEH L2, 72, MHMBEORERE S THLHBCS-
TCHAMNZ LY LNA O EEF)# 0 i BE28 ) % JI 2 72 48R,
-40 ~+90 COJLE i FE #iPH CIREPE D ZE B % 1.4 dB LIS
M2 BN TET,

4%, Bluetooth™RN—2 3y F oy y 7 LSIEHA L
17y 7 LSIO#E GBI LTI 2 MEE LT, T/,
FIAME 27290 nm % 65 nm CMOS Hifi & v, &
BIREILICHES, CMOSHMILINCE L -k 2 B 7 —F 77
F v R W FEOHFERFE D DTV,

X ®

(1) Ishikuro, H., et al. "A single-chip CMOS Bluetooth transceiver with
15MHz IF and direct modulation transmitter". ISSCC Digest of
Technical Papers. San Francisco, 2003-02, IEEE. p.94 - 95.

(2) B, 1375 Bluetooth ¥ A7 240157 SoC Z [ fE12§ % RF CMOSH
T =N . T IEEORAE 4RE. 87, 11, 2004, p.958 - 964.

(3) AN e, (32>, Bluetooth X—Z/NURLSI TC35651. HZ L 2—. 56, 4,
2001, p.29 - 32.

(4) Agawa, K., et al. "A —90dBm sensitivity 0.13um CMOS Bluetooth
transceiver operating in wide temperature range". Proceedings of
CICC. San Jose, 2007-09, IEEE. p.655 - 658.

(5) BJIFE—, (E2. "I PRLS IS 5 5245 & - 90dBm @ 0.13 um
CMOS Bluetooth M7 ¥ — 3" B 1EHBAE F S HATIZE RS . TRH,
2008-03, T IEHaBfE 4. WAL, 2008, ICD2007-168 (VLD2007-145).

(6) Majima, H., et al. “A 1.2-V CMOS complex bandpass filter with a
tunable center frequency” . Proceedings of ESSCIRC. Grenoble,
2005-09, IEEE. p.327 - 330.

(7) Razavi, B, HHRL EFH. 7007 CMOSEMMEEORLET LR (4
113 NUFFYy T L 77UV R) . BRL AR, 2003, 566p.

FIJIl #— AGAWA Kenichi

YITVF Ty =L CEEARIITER TS £y — S Il Bl
BASEE B e MEALMAE S AT LA LSIONFSE - B2 HE e
B HREEY%, IEEERH,

Center for Semiconductor Research & Development
IR IEFE KOIZUMI Masayuki

tIarysy —4 YAFALSIHFEE @ AE - WRLSI
B HAMTR L. MERR IS 2 AT 2 LSIOBFSICHE T
System LSI Div.

BE 3B MAJIMA Hideaki, Ph.D.
wIaryyy—it VSEARBITERSE 5 — S ] g Pl
FAFEHR L5, Tilo MEMLETE 2 27 A LSIOWIZE - FFEIC
it g,

Center for Semiconductor Research & Development

HZ L Ea1—Vol.63 No.7 (2008)



