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IoT Dewces W|th RFID I|ke Communlcatlon

Warehouse inventory management Cashier-less grocery store

Dedicated far-field RFID readers are required

Can we replace the far-field RFID reader with a phone?
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Conventional TRX Approach

Product information Conventional TRX
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Conventional TRXs require 10s~100s m\W active peak power
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—> Large size and/or cost
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Ambient Backscatter Approach Transmitter

Product information Backscatter tag <WiFi Ch.6 g
Dty Mixer Impedance
Temp. MR Age N N Mix 4
@ """ MILK H LT ) - Recovered
IF LO E Cloud decoder data
: (10s MHz) | Z H 1~
Place of X — >
- WiFi Ch.1
production
'[p\/@ \ - ¢

Harvester/small battery Recelver

Codeword translation on the tag enables WiFi-to-WiFi and BLE-to-BLE backscatter

Elimination of RF circuits enables 1000x lower power consumption
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Two access points are required because there are no commercial full-

duplex WiFi TRXs, even though Tx and Rx channels are different
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Ambient Backscatter Challenges Il
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Proposed Solution

Single phone Tag w/ on-chip
— b energy harvester

W —o || <= Data from loT devices

Elimination of batteries saves cost

Single access point enables RFID-like operation

© 2023 IEEE

International Solid-State Circuits Conference 21.5: An LTE-harvesting BLE-to-WiFi Backscattering Chip for Single-Device RFID-like Interrogation 7 Of 66



Outline

* Prior-art and proposed BLE-to-WiFi backscatter scheme
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Previous Backscatter Approach

WIFI/BLE AP

@« _— ©

WIiFi/BLE AP Recovered

tag data

Hitchhike
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Previous Backscatter Approach
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Previous Backscatter Approach

WiFi 802.11p  WIFVBLE AP

Cy
WiFi 802.11b WNW‘— .
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WIiFi/BLE AP , Recovered
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BLE
Ch.38
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Previous Backscatter Approach

WIiFi/BLE AP

WiFi 802.11b

Hitchhike

Requires 2 access points
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Previous Backscatter Approach

- WiFi AP
Wik 800 11 WIFVBLE AP
WiFi 802.11b . —
IFiE V Dedicated RF tone M
\\@N th WiFi 802.11b
WiFi/BLE AP Recovered
BLE

tag data

Hitchhike Passive WiFi
. . Dedicated tone generator is
Requires 2 access points .
required
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Proposed Architecture

Desired

single-device
access point i

)

Tag
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Proposed Architecture

On-chip rectifier

Charging by LTE signal & a cap.

>
&

single-device LTE l’*VQ

access point III o?g/ i @_lfl

Desired

© 2023 IEEE

International Solid-State Circuits Conference 21.5: An LTE-harvesting BLE-to-WiFi Backscattering Chip for Single-Device RFID-like Interrogation 1 5 Of 66



Proposed Architecture

Desired Q _ | On-chip rectifier
single-device LTE z’fm Charging by LTE signal & a cap.
access point .II o§/ Y @_lH
— Tone-like BLE packet replaces O~y
the dedicated tone generator \V/ L - SN _
N IF mixer
Tt 5 o
I/Q baseband data
f Tag
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Proposed Architecture

Desired S : _ On-chip rectifier
single-device LTE & Charging by LTE signal & a cap.

N
sosesspont il &/ 00 Y @I'H

Tone-like BLE packet replaces |  N~¥
the dedicated tone generator \V/ e |
N IF mixer
bl e
O]«
WiFi packets at different channels A Q<O
can be backscattered prpm i T

|/Q baseband data
VUVVVUVUVVVVVUVVVUVYV Tag

Battery-less operation with single-device interrogation
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Proposed Timing

Step 1: LTE signal charges the tag
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o, Step 2: Tag wakes up after detecting WiFi
Proposed Tlmlng packets PO & P1 with specific length

Step 1: LTE signal charges the tag || (CTS-to-self packet is used to clear WiFi ch.)

CTS-to-self~N PO p1§

|
|
|
| |
|
LTE | | t
= , — §— >
] | | |
Ve h i | ; t
| l i | >
| ! ' |
| | Tag startup | | | t
| ' I | )
| |
|
, [Twake-up l l t
| ! (( | »
: | T
| | | |
| | | I
| | | | t
| | | ¢ | >
i?!ti?‘iitliiﬁgl Solid-State Circuits Conference 21.5: An LTE-harvesting BLE-to-WiFi Backscattering Chip for Single-Device RFID-like Interrogation 19 of 66




o, Step 2: Tag wakes up after detecting WiFi
Proposed Tlmlng packets PO & P1 with specific length

Step 1: LTE signal charges the tag || (CTS-to-self packet is used to clear WiFi ch.)

CTS-to-self~  po  P1 < t » BLE packet duration
LTE t
) | | | » | >
V_ /0 i l | t
recf i i ; ; >
[ Tag startu | | | t
—lastarus — >
| ﬂWake-up | i t
: : — >
i 5 i >:Backscatte:r WIiFi packet generation

| t
— >
Step 3: Perform backscatter within BLE packet duration (t,>t,)
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Backscatter Frequency Requirements

Frequency requirement |: Frequency requirement |l:

From BLE tone to WiFi channel, Af is needed. || In 802.11b, an 11MHz clock
For example, Af=13.75MHz from BLE ch.38 IS needed to generate an
(left) to WiFi ch.1 11-bit Barker code

Af_Jl«<>0.5MHz BLE adv. Channels are used to

s> avoid channel hopping ambiguity

Ch.37 38 39
. BLE >t
Ch.1 2 3 4 5 6 7 8 9 10 11 12 13
2412 24

17 2422 2427 2432 2437 2442 2447 2452 2457 2462 2467 2472
r 1T T T ‘T T T T T T._T 7T

WiFI >t
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Backscatter Frequency Generation
"Osc.
@ feq C *N - Requirement I: Af for backscatter
+M > Requirement II: 11MHz for Barker code
M,N are integers
\_ _/

» fro IS an integer multiple of 11MHz.
* Therefore, fgo € N
* Recall that Af is (x £ 0.25) MHz for BLE-to-WiFi, where x € N

‘ Min. N=4 to satisfy the constraints

Next step:
Look for M that enables Af which fits in BLE adv. ch. tone to WiFi ch.
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Backscatter Frequency Plan

Osc.
+~M

»11MHz for Barker code

+N

— Af for backscatter

N=4, M is an integer

Ch.37 38 39
M | Af (MHz)[ f.,(MHz)| Channel
BLE .f 3 8.25 33 39 to 13
A
0.5 MHz <>
——>
2480 MHz f
Ch.1 2 3 4 5 6 7 8 9 10 11 12 13
2412 2417 2422 2427 2432 2437 2442 2447 2452 2457 2462 2467 2472
T _T1T_ T T T _T_ T _ T T _T__T_'T_ T
WiFi
>f
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Backscatter Frequency Plan

Osc.
@ £ ‘/—> +M |—>11MHz for Barker code
\—> +N |—> Af for backscatter

N=4, M is an integer

Ch.37 38 39

BLE > f 3
0.5 MHz HT
2480: MHz >f

Ch. 2 3 4 56 6 7 8 9 10 11 12 13
2412 2417 2422 2427 2432 2437 2442 2447 2452 2457 2462 2467 2472
I T 1T T T T

Af (MHz) | f.,(MHZz)| Channel
8.25 33 39 to 13
23 63.25 253 391to0 2

T B W S S
WiFi

>f
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Backscatter Frequency Plan

Osc.
@ foo }/—> *M —>11MHz for Barker code
\—> +N |—> Af for backscatter
N=4, M is an integer
Ch.37 38 39
M | Af (MHz)| f., (MHz)| Channel
BLE > f 3 8.25 33 39 to 13
A
0.5 MHz | <>
2480: MHz >t
Ch.1 2 3 4 5 6 7 8 9 10 11 12 13
24]12 ?4]17 24|22 24127 24_1{52 24{57 24_1(_12 24{4_17 24{52 2415_57 24152 24_1|§7 24|zz 21 47 75 231 30to 3
o 23 63.25 253 39to 2
WiFI
>f
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Backscatter Frequency Plan

Osc.
@ foo ‘/—> +M —>11MHz for Barker code
\—> +N |—> Af for backscatter

N=4, M is an integer

Ch.37 38 39

M | Af (MHz)| f.,(MHz)| Channel
BLE S 3 8.25 33 39 to 13
A 5 13.75 55 38 to 1
0.5 MHz | <>
2426:|V|Hz )f
Ch.1 2 3 4 5 6 7 8 9 10 11 12 13

24]12 ?4117 24|22 24127 24_1{52 24{57 24_1(_12 24{4_17 24{52 2415_57 24152 24_1|§7 24_1|zz 21 47 75 231 39to 3
T 23 | 63.25 253 3910 2

WiFi

>f
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Backscatter Frequency Plan

Osc.
@ foo ‘/—> +M —>11MHz for Barker code
\—> +N |—> Af for backscatter

N=4, M is an integer

Ch.37 38 39
Af (MHz) | f.,(MHZz)| Channel
BLE , 3 8.25 33 39 to 13
5 | 13.75 55 38 to 1
0.5 MHz HT
| 13 | 35.75 143 | 38to 11
Ch.1 2 3 4 5 6 7 8 9 10 11 12 13

24]1% ?4117 24|22 24127 24752 24{57 24_1(_12 24{4_17 24{52 2415_57 24@2 24_1|§7 24_1|zz 21 47 75 231 3910 3
s 23 | 63.25 253 39 to 2

WiFi

>f
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Backscatter Frequency Plan

Osc.
@ foo ‘/—> +M —>11MHz for Barker code
\—> +N |—> Af for backscatter

N=4, M is an integer

Ch.37 38 39
M | Af (MHz)| f.,(MHz)| Channel

BLE S 3 8.25 33 39 to 13

A 5 13.75 55 38 to 1

0.5 MHz | <>

| 13 | 35.75 143 | 381to 11

Ch.1 2 3 4 5 6 7 8 9 10 11 12 13 15 | 41.25 165 38 to 12

24]12 24117 24_1|22 24]27 24732 2%57 24_1I4_12 24_1l4_17 24_1|§2 24_1157 24_1]§2 24_1|§7 24_1|ZZ 2’] 4775 231 39 to 3

23 | 63.25 253 39 to 2

WiF ¢
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Backscatter Frequency Plan

Osc.
@ foo ‘/—> +M —>11MHz for Barker code
\—> +N |—> Af for backscatter

N=4, M is an integer

Ch.37 38 39
M | Af (MHz)| f.,(MHz)| Channel
BLE S 3 8.25 33 39 to 13
A 5 13.75 55 38 to 1
<>|0.5 MHz 9 24.75 99 37t0 4
e 13 | 3575 143 | 3810 11
Ch.1 2 3 4 5 6 7 8 9 10 11 12 13 15 | 41.25 165 38 to 12
2412 2417 242 2427 2432 2497 2432 2447 2402 2407 2402 2407 2472 21 | 47.75 231 39t0 3
R 23 | 63.25 253 39 to 2

WiFI

>f
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Backscatter Frequency Plan

Osc.
@ foo ‘/—> +M —>11MHz for Barker code
\—> +N |—> Af for backscatter

N=4, M is an integer

Ch.37 38 39
M | Af (MHz)| f., (MHZz)| Channel
BLE S 3 8.25 33 39 to 13
A 5 | 13.75 55 38 to 1
<> 0.5 MHz 9 24.75 99 37t0 4
| 11 | 30.25 121 37t05
e 13 | 35.75 143 | 3810 11
Ch.1 2 3 4 5 6 7 8 9 10 11 12 13 15 | 41.25 165 38 to 12
2412 2417 242 2427 2432 2497 2442 2447 2402 2407 2402 2407 2472 21 | 47.75 231 3910 3
T 23 | 63.25 253 39 to 2
WiFi
>f
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Backscatter Frequency Plan Summary

Osc.
@ fro _<: +*M | >11MHz for Barker code
+N > Af for backscatter

N=4. M is an integer

M | Af (MHz)| ., (MHZz)| Channel

3 8.25 33 39to 13

5 13.75 55 38 to 1 _

9 | 24.75 99 37 to 4 * fro tuning range = 33~253 MHz
11 | 30.25 121 37t05

13 | 35.75 143 38 to 11

15 | 41905 165 38 10 12 8 cases are supported

21 | 47.75 231 39to 3

23 | 63.25 253 39 to 2
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Outline

* Proposed single-device-interrogated backscatter chip
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Block Diagram
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Energy Harvesting and Voltage Sensing

used to harvest
incoming LTE signal

5-stage Dickson rectifier i V

An on-chip rectifier is Energy harvester £ storage

cap

~
A ~
~

~
~~_—_

. ~ rec

LTE transmitting

y » t Y
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> 1

» i
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An on-chip rectifier is
used to harvest
incoming LTE signal

A N

LTE transmitting

1V . z "

rec

> 1

~ o

e m—

Energy harvester

5-stage Dickson rectifier

Energy Harvesting and Voltage Sensing

L Storage

% cap
Vrec

AIALE] AA

T
.

’%H“. ...... T

i

i Matching
network
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o 0 0 AW\

Vref I

m—w—

A

V

comp,PMU

Voltage

SENSOor

7/

~
-
-
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V.o IS sensed by a voltage
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Energy Harvesting and Voltage Sensing

An on-chip rectifier is = L storage VDD
nergy harvester LDO
used to harvest 9y | N cap T
A ¢TLJ-T¥J-4 Jﬂﬂ 1 1| LDO
\\\\\ Jl l I \‘
e 7T %‘ ....... .y $ |
LTE transmitting jﬂ : - PMd
t - : bl
1V > Y T T T ] Vref +J_ ll'
rec ¥ 3 [Matching Voltage
network \ 4 sensor/’
>t | v.__is sensed by a voltage
A ref. generator, a trip LDO turns on after
25V \/DD voltage generator and a harvestin
[ LDO ge g g
)t comparator
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Voltage Reference Generator (VRG)

VDD -3

Supply sensitivit
__II_ / . \ 1.5><10| | ‘ ppy . . .y |
Thin oxide —
1.0
|_| Vref Thick OX|de_|]|_J1 0|
- 4 '

o

L\ —ZoCTRL

Normalized voltage
1 1 IO
(0]

a
N

Coarse line Fine VRG 25 o8 07 08 08 10
regulator VDD [V]

» Two-stage push-pull architecture

« Nominal output voltage 0.25V with line sensitivity 0.54%/V when
supply voltage ranges from 0.5V to 1V
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Block Diagram
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v 3

E Matching
—p
Rectifier
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Block Diagram

E Matching VD?LDO mille VDD,
gl 1} ¢—|_.>} > | o T1DO T~ 1~ XTAL osc. and
v < Rectifierlg J‘ startup detection
Voltage Energy

Storage Sensor | | 5ryvester 4>° () y T Start
cap 3 ref, XTAL

é VDDLDO é
K Matching Start—
{11l
77 o D> mbw

Env. detector Wake-u p RX

<
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XTAL Startup and Wake-up

XTAL osc. and startup detection
et VDD, LTE transmitting
> t
|
A
'>I : Start VLDO -0 ARARARARARARARARARARARARAC ARARARARRARARARARAN
| [ ”; LLLLLLLLELLLLLLLLLLLLLLLLLLLLLLELELLELLLLLL L N
A
Start
> t
A
> t

An ED and a comparator
are used to determine the
XTAL startup
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XTAL Startup and Wake-up

XTAL osc. and startup detection

-
I
+ I
Ty T>>star
ref, XTAL | | VDD
_Env. detector o _lﬁo
| Start—p»
Y ' Wake-upRx " _ T -
1
— W [ 2
F7F e O >
Passive !| Env. detector
voltage gain' ™ 17 ————————— L

CTS-to-self PO P1

LTE transmitting
> t
W I I [ 111
”J Im11‘1’1‘1‘1’1‘1’111’1‘1‘1‘1‘1’1‘1‘1’11 1Yl‘l‘[l’l‘l‘l‘l’ﬂl’l’lHHW, ¢
Start
> t
> t

An ED and a comparator
are used to determine the
XTAL startup

An ED-first OOK-based
wakeup receiver is used to
sense the WiFi pattern
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XTAL Startup and

Wake-up

XTAL osc. and startup detection CTS-to-self PO P1
ferac VDD, LTE transmitting
A T > t
: | A
~ : Start e AN ARAARRARRARRAARRARRAACAARAARAAARRARRARAAN
, VDD N
Start—>\[1 A
““““““ ) Start
> Counter-based|| === > t
| Correlator || A S~
Passive !l Env. detector I RN
voltage gain'™ 4 M Mengetal, T } N WU
\ o WU N t

An ED and a comparator
are used to determine the
XTAL startup

An ED-first OOK-based
wakeup receiver is used to
sense the WiFi pattern

A counter-based correlator
determines when the
correct WiFi pattern comes
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Block Diagram

Matching

VDD, ,,

Sl

VDD .,

N

XTAL osc. and

Y A
=) 7~ {1D0

Voltage jEnergy startup detection
2
Storag‘} Sensor | haryester o () N iy Start
cap ref, XTAL
L VoD, 1
K Matching Start—-
i)
T o e wo
VDDLDO Env. detector Wake-up Rx
WU —>\TI v
Osc.
foo +M I 11MHz for Barker code
+4 — Af for backscatter IF
FLL |- Ring osc. & freq. calibration
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SAR Frequency Calibration

= ~—> Af for backscatter
Aﬂ:T?ing OSC. 4 4
il f (Quadrature IF)
% Se +M ——> 11MHz for Barker code
/‘ /]‘ /]‘
D@vlj, Ring osc. with calibration FLL

[l WU
253MHz

foo tuning range
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SAR Frequency Calibration

T Analog >Av|‘_‘ll_?ing osc. +4 : » Af for backscatter
. 256 MUX ] f (Quadrature IF)
| > >_\ v %W b +M > 11MHz for Barker code
E Bulk 7 i] 7
§, ,:ine:/ | Coarse >[>°*Ij, Ring osc. with calibration FLL
. 8\ 7 \\t .
tuning uning v ‘
Ref codeﬁ—» Digital control _ref 5 fon
[ WU
--2-5??-'\%4!7'; ---------------------------------------------------------------------- SAR FLL locks the ring osc.
= e =AR output to the desired freq.
vy3MHz —@m™™@ completed within 15 CyC|eS (0915mseC)

foo, tuning range
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SAR Frequency Calibration

000 SAR

f-o tuning range

« Max. Af (backscatter IF clock) freq. offset < 125kHz
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SAR Frequency Calibration

253MHz break the loop
EORNITS L DTEEKTIE O
fag !
000 SAR
y33MHz T ........completed

f-o tuning range

« Max. Af (backscatter IF clock) freq. offset < 125kHz
* Break the loop after SAR process is completed

© 2023 IEEE

International Solid-State Circuits Conference 21.5: An LTE-harvesting BLE-to-WiFi Backscattering Chip for Single-Device RFID-like Interrogation

47 of 66



SAR Frequency Calibration

f-, tuning range

« Max. Af (backscatter IF clock) freq. offset < 125kHz
* Break the loop after SAR process is completed

* The ring osc. becomes free-running
- backscatter process is done right after breaking the SAR loop
-> phase noise requirement:
-100dBc/Hz @ 1MHz & -35 dBc integrated from 0.1MHz to 10MHz
- freq. drift < 125kHz over 1msec packet
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Block Diagram

E Matching VD?LDO mille VDD,
gl 1} ¢—|_.>} o DL o T1DO T~ 1~ XTAL osc. and
R

v 3

e, Votags jEnergy startup detection
Storage$ Sensor | | 5ryvester 4>° () y T Start
cap L VoD ref, XTAL
LDO
— VDD <
. Start > =
Matchin 1
Y - g ' WU —
£"% oo D> el wusseapsk
-l1O-VVIFr| DaCKscatier
VDD, . Env. detector Wake-up Rx IF mixer
I i A AR Backscatterj
WUO—>\i . $2 LQ reflector
SC.
foo +M I 11MHz for Barker code Barker
processor
+4 | Af for backscatter IF T
FLL |- Ring osc. & freq. calibration 1MHz L
T I/Q baseband data
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Backscatter (SSB QPSK)

TIMHzZ —>»  Barker - >
Tag data—»{ processor TO T1
1mMHz - [ITTTTUTIUUUUIuTiit
Tag data _
[0]
Tag data —
[1]
TO B
o _ [ uUyU LI

T0 = Tag data[0]
T1 = Tag data[1]® Barker code

Step1: Generate Barker
code modulated data
with on-chip 11MHz clock
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Backscatter (SSB QPSK)

IF mixer
1MMHz —>» Barker . > @ N
Tag data—> processor TO T ¢ clk & clk
: | Q
4
1MHz [JULTTUTU LU TU v U Quadrature IF clocks (Af)
Tag data — =
[0] 0 O_%
Tag data B I|E18°8: (1)(1) > clk
[1] IF, o— 11 clk
TO B TIO
o _ Uy LJUL IF,,0—

T0 = Tag data[0]
T1 = Tag data[1]& Barker code

IF b

0—101 clk
IF 0—10 i
IF. 0—11 clk,

180

Step1: Generate Barker
code modulated data
with on-chip 11MHz clock

Step2: Up-convert 1Q
data to IF via SSB
digital mixer
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Backscatter (SSB QPSK)

IF mixer
TMIMHzZ —»  Barker N >® N
Tag data—»| processor TO,\T1 ¢ Clkl &\Cle
4
MHz [JUUTUUUUIUU Ut uuL Quadrature IF clocks (Af )
Tag data — =
[0] : o—%
Tag data B :E“mg: (1)(1) > %
[1] IF, 0— 11 clk,
TO ) 2J0
T — U U _I |_| I— “;2700_ 00
O_
TO = Tag data[0] IF* o— % > clig
T1 = Tag data[1]&® Barker code IF:)BOO—y clkg

clk, —

clk —

B
|/
Q
clk 4™
ok,

clk, 1~ T
ok

C|—k|_-\o1"fchip _________ =

Q

Step1: Generate Barker
code modulated data
with on-chip 11MHz clock

Step2: Up-convert 1Q
data to IF via SSB
digital mixer

Step3: Quadrature IF
clocks drive SP4T
reflector
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Outline

e Measurement results

© 2023 IEEE

International Solid-State Circuits Conference 21.5: An LTE-harvesting BLE-to-WiFi Backscattering Chip for Single-Device RFID-like Interrogation 5 3 Of 66



Die Micrograph

65nm CMOS

e ] et ]

0.43mm? active area

elzlalalalelale lalols

< >

1.7 mm
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XTAL Startup Transients

T = 2.5s

startup

< =
B

e ¥ i ¥ Lo i T . ” Ll o

XTAL osc.
Envelope detector
XTAL startup 13-3V
1 | | | | |
00s 850ms 1.7s 255s 34s 4.25s
i VDD i VDD
Y Matching TLoo B DDipo
T | =l |4 11 LDO | :
v 3 Rectifier j | |
Voltage | 2 |
Storage sensor | () V4_I>—)Start|
Cap $ ________ ref_,XTﬁL _____ |

Energy harvester <~  XTAL osc. & startup detection -
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XTAL Startup Transients

T = 2.5s

startup

>

4
5

XTAL osc.
Envelope detector
XTAL startup 13-3V
1 | | | | |
0.0s 850ms 1.7s 255s 34s 4.25s
i VDD i VDD
Y Matching TLoo B DDipo
T | =l |4 11 LDO | :
v 3 Rectifier j | |
Voltage | 2 |
Storage sensor | () V4_I>—)Start|
Cap $ ________ ref_,XTﬁL _____ |

Energy harvester <~  XTAL osc. & startup detection -

© 2023 IEEE

International Solid-State Circuits Conference 21.5: An LTE-harvesting BLE-to-WiFi Backscattering Chip for Single-Device RFID-like Interrogation 56 Of 66



XTAL Startup Transients

T

= 2.5s

startup

<
B

>

=

XTAL osc.
Envelope detector

XTAL startup

I3.3V [ \
I

i

VDD,

4
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XTAL Startup Transients

T = 2.5s

startup

< =
B

e ¥ i ¥ Lo i T . ” Ll o

XTAL osc.
Envelope detector

N
XTAL startup 13-3V >4
\
d I I I I I N
00s 850ms 1.7s 255s 34s 4.25s \
\
Matchin VDDLDO 0 WDLDO
i = A T = ==
%._—fom\%: S v ,— LDO | A
Rectifier j | v\
Voltage | ) v
Storage sSensor : () ﬁb—>8taﬂ|
Cap $ ________ ref_,XTﬁL _____ |

Energy harvester <~  XTAL osc. & startup detection -
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Measured Spectra
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Wireless Energy Harvesting Measurement

»10°

1pF cabacitor

BLE & WiFi TRx Backscatter

Charging time (seconds
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when distance is within 50 cm
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Range w/o energy harvesting

Backscatter tag [T e

« Tag-to-access-point backscatter
range = 17.5m when battery powered

* The system operating range is limited
by the energy harvesting process
iInstead of backscattering

S.-K. Kuo et al., ISSCC22
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Comparison

VLSI 2021 ISSCC 2020 | ISSCC 2021 ISSCC 2022 This work
Lin [3] Wang [1] Meng [2] Kuo [4]

Technology 180 nm 65 Nnm 65 Nnm 65 Nnm 65 Nnm

Core area (mm?) 1.62 0.34 0.41 0.42 0.43

Tone to WiFi SSB BLE-to-
802.11b WIiFi 802.11b

1 Mbps 2 Mbps

Backscatter
scheme

SSB WiFi 802.11b to WiFi 802.11b

Max data rate 2 Mbps

Tone generator is required

Two APs are required
Single-device operation

© 2023 IEEE 3 . - . , . . . .
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* Backscatter freq.=25MHz

Com pa I'iSO n when another divider is enabled
VLSI 2021 ISSCC 2020 | ISSCC 2021 ISSCC 2022 :
! This work
Lin [3] Wang [1] Meng [2] Kuo [4]
Technology 180 nm 65 Nnm 65 Nnm 65 Nnm 65 Nnm
Core area (mm?) 1.62 0.34 0.41 0.42 0.43

Backscatter Tone to WiFi - - SSB BLE-to-
scheme 802 11b SSB WiFi 802.11b to WiFi 802.11b WiFi 802.11b

Max data rate 1 Mbps 2 Mbps 2 Mbps

Yes
fRO=33~253M HZ

Yes*
fro=50MHz

Yes*
fro=50MHz

Yes*
foo=50MHz

On-chip backscatter
frequency tunability

foo=11MHz

Only 25/50MHz frequency
Only generates an 11MHz clock shift between Ch.1.6.11

that requires a dedicated tone

which is not BLE-synthesizable Supports 8 BLE-to-WiFi schemes
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* Backscatter freq.=25MHz

Com pa I'iSO n when another divider is enabled
VLSI 2021 ISSCC 2020 | ISSCC 2021 ISSCC 2022 This work
Lin [3] Wang [1] Meng [2] Kuo [4]
Technology 180 nm 65 nm 65 Nnm 65 Nnm 65 Nnm
Core area (mm?2) 1.62 0.34 0.41 0.42 0.43
Backscatter Tone to WiFi - - SSB BLE-to-
scheme 802 11b SSB WiFi 802.11b to WiFi 802.11b WiFi 802.11b
Max data rate 1 Mbps 2 Mbps 2 Mbps
On-chip backscatter No Yes* Yes* Yes* Yes
frequency tunability fro=11MHz fro=50MHz fro=50MHz fro=50MHz fro=33~253MHz
Wake-up power 0.15 2.8 45 5.5 4.5
(HW)

Backscatter s
communication 2.9 28 32 39 for f. =33~253MHz
power (W) \ 0

Only supports 11MHz tone-to-WiFi case
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* Backscatter freq.=25MHz

Om pa r|so n when another divider is enabled
VLSI 2021 ISSCC 2020 | ISSCC 2021 ISSCC 2022
This work
Lin [3] Wang [1] Meng [2] Kuo [4]
Technology 180 nm 65 Nnm 65 Nnm 65 Nnm 65 Nnm
Core area (mm?) 1.62 0.34 0.41 0.42 0.43
Backscatter Tone to WiFi - - SSB BLE-to-
scheme 802 11b SSB WiFi 802.11b to WiFi 802.11b WiFi 802.11b
Max data rate 1 Mbps 2 Mbps 2 Mbps
On-chip backscatter No Yes* Yes* Yes* Yes
frequency tunability fro=11MHz fro=50MHz fro=50MHz fro=50MHz fro=33~253MHz
Wake-up power 0.15 2.8 45 5.5 4.5
(HW)
Backscatter 1~d5
communication 2.5 28 32 39

for fro=33~253MHz
power (W)

Self-sustainability No No No No Yes
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Conclusmn

I |
' |
LTE
| Smartphone lII / { Energy harvester | !
e m WAVAMVNAAARAAAVANVNANNANANAN : ,
l = . ﬂ ¥ :
: BLE + Batteryless operation e :
: Y N IF mixer :
o VAAMARAMAAAAAAAARAAAARMAAMAANN & .
. WIiFi 802.11b/+ Supports 8 BLE-to-WiFi backscatter schemes) \ || .___, :
I A~ \[\[ 11-_1-_':‘@’:"4' .
: 0 /Q baseband data :
' i Tag 0
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