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BLE Wireless Receiver Using Digital PLL Regeneration Technology
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As a consequence of the expansion of battery-driven Internet of Things (loT) devices, reduction of the power consumption of the wireless transceiver
in such loT devices is an important issue in order to lengthen the battery lifetime. In recent years, attention has therefore been increasingly focused on the
Bluetooth® Low Energy (BLE) standard, a technology for low-power applications including IoT devices, and efforts to realize power-saving technologies
for BLE wireless transceivers at the time of data reception are being actively promoted. However, these technologies are vulnerable to radio wave
interference.

Toshiba has now developed a new low-power BLE receiver based on a digital phase-locked loop (PLL) technology. The new receiver achieves high-
er interference tolerance and data demodulation using a novel single-path (in-phase channel) demodulation technology, which were made possible by
incorporating a dual-loop structure consisting of analog and digital loops and by shifting the synthesizer frequency. Furthermore, the use of analog-to-
digital converters (ADCs), which are necessary in conventional power-saving technologies, has been eliminated. Experiments on a prototype receiver
chip have verified that it achieves more than 10 times higher interference tolerance and reduces power consumption by almost 10% compared with a
receiver using the latest conventional technology.
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Outline of low-intermediate frequency (low-IF) wireless receiver
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Outline of sliding-IF wireless receiver
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Outline of direct-tracking wireless receiver
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Outline of digital PLL regeneration receiver
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Conventional frequency-shift keying (FSK) signal demodulation method
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Newly developed FSK signal demodulation method
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Analog-to-digital conversion using negative feedback of digital PLL

Wh,

L2 ERIE, COoMEEZAMHLEZLOTHY, Fid
ONFEAE ICh TER LR —AN Y FEFICE X2 52T,
ADCEHWRWT YV VERAREICL: (8(b), T4
JVPLLIE, By eI AF - LT HEDOERETH 572
W, HEKOLow-IFEIR 254571 V7 IF#IZ LR, ADC#%
HIIRLCWAZ &2 b,

3.3 BLBEEEmYE

% L= ZERO L) — oD RE LTRSS BRI 23

50

HY, ZNBHIROPLL ORGREHEFIHL72bDTH %,

DiERWRVBATI SN L L, HHLAARZER TR S
L7Fur V=71, 23Tl X)W EELOH I
WBREL LD ET D, SIS LTTFYZIVPLL TR SN
FIFNN—T1%, WiEREEIELE AR L CGERZ HIET S
EICHERET B0 TO/20, BCIIEEWREEEITE S,

4 BREFYTOHEETEER

B L2 EBROREF v 7 2#ROITIRT, Ut 65nm
CMOS (R 4w BR AL - 8 AK) T a2 & W TRIEL
7oAER, B L2 BRI, Thas v —7 (¥
&%, MIX, LPF) &7V —7 (Y%L PLL, VCO) %
EHHT20x0.8mmEro77,

BLE##&E D5 (#5005, €y bl —hr MEvH/s)
#ZR LA DOBER (Ey M) ) Bk % 354l L 7228,
BLE O A4 2% 5 72 3 I 2B R BED-90 dBm A5 S,
DL EDEIBEOMEEINL55 mW Tho72Y, F72, Wik
BRI E D S A4 2R 101K & TORBERF v 3
TBLEHBRZM LTS EEI2, BHHETLHAARZERIC I
~, K20 dB (=10 %) Y EoliEREmTEEZEB L 72,

B L2Z2EROMRRE, ChETOIY FLI—FTho
T2 DATA T4 27 TF BIZE R L O R 2 FR 1R
o AFATA VT IFRIE, £ A—VRRMEAT (2.5~ 3.0 GHz)
BB EBWRI A BLEHAZHE LT awnDds, B
L7z 3R, CoORBEEN % &t 2 TORERF v v
BWTBLEHAE M ET B EEDHIC, HEEIEHK10 % HIIK
LR/ N VB O FEBU I L 720

9. BARLAZEROREFYT — HED651m CMOS 7 Ut A%
JHWTRIEF v T2 L 72
Prototype receiver chip

(G¥2) ZEREELT 10°DOBERPBONDHRIEFESLNILE-70dBm
ERTE,
(GEX3) 2016F2 AR, HHAN,

HZLEa1—Vol72No.2 (2017)



B BLEZESR{H#% (TRR1E)
A EREE[AHEY
® FURIPLLBAER

40 -

30

e o B

@ 20| o
=z A 5 5 A
#o10
E 0 RA20 dBYE
&) i
o A ] A
8700 = =

-20 B

-30 | | | | | | | J

ERBF v (OHFRLES)

10. REF Y TOBEBRWYE — 2 TORWHT v AV TBLEAL
M35 L b1, HHETEAAMZERICIN, &A20dB (=104%)
P bl i a2 EBIL 72,

Results of interference tolerance tests of direct-tracking wireless receiver
and prototype receiver
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