PR IX /N E
ARSI R T %

=

=R/ R RN EED 3%

1Y

N TA2 )

KEYSIGHT

TECHN OLOGIES




H 2 WM 10T ?

» Definition: “Sensors and actuators embedded in physical objects are linked
through wired and wireless networks, often using the same Internet Protocol (IP)
that connects the Internet.“ (source: McKinsey % & £5 2\ 7))
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Current profile Active
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T I I (Average current) I
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NHREIRA 287 Bk, HAEK

ot EHY PIC18FXX2
o < 1.6 mA HiA{H @ 5V, 4 MHz
o 25 pA A @ 3V, 32 kHz
o < 0.2 pA HLAIFHLHLIR 13 bits

2V A STM32L0xx

o VHITAEBGR: FH0L, 915, MEINFE, T BEILBER 20,000:1
o HERILEE 290 nA 3| 41 pA .
o 5.6 MA @32 MHz @1.8 Veore ~3.6 Vop 15 bits

3,000:1

P9 3E 7 Zolertia RE-Mote ¥4

o KM (150 nA) :
o WIEHIS (2.4 GHz 1k, CPU %%IH) 20 mA 160,000:1
o WIEHLI (2.4 GHz & 4f, 0 dBm, CPU % 4]) 24 mA 18 bits
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BT FE It — o AR A F A IS T 5

Wake-up
=2.67ms sleep
/wake-up?_-?g_njﬁ_ i _.- Target average
‘. -7 26uUA
/s/eep

| J
Connecti{)n interval=1000ms

m HAR TR — TAF14E

= 225 mAh / 8760 h(1 year) = 26UA

CR2032, Capacity:225 mAh

m 0 Isleep , T/E1 4

8.25mA x 0.267% +Isleep x 99.733% <=225 mAh /8780 h (1 year)

= Isleep =<4uA
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* Low sleep current design (comp

selection) " zoomin . XIREshAE
* Minimize current spike in sleep T e . * E.g.. Sleep mode (nA) — Doze mode (uA) — Active mode (mA)
mode ‘ ‘

2. KK ng

Clamp-on current probe may have >1mA noise.

WA S HLAL .
» Optimize the doze mode / pre-
processing mode ‘
* Min current spike Ji
» Detect inrush current

3. AR T8

High resolutions will need to tradeoff bandwidth (e.g.. Multimeter /
ammeter)

4. W EH L G AR IE R

Need multimeter, oscilloscope, current sensor for on-off mode
measurements.

I/ 1 ) R AL I [ i
* Optimize the active current &

period.
+ Component level analysis T
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PN PEN

FEHCRRPE & 7Rt

> 1 mA CurrentlliT tg[?:ge ° %E@u%ﬁ&
=== ghunt R drop a %I&Eiﬂ;{&?ﬁ“

- sooe Scope

IRk & R 28 o ‘
> 1 mA o PR VHE AN I S5 1) B
\ o PR
o ZPREZSTEH

VKRS & 7Nk 28
e | - RiEMARR
‘ | o WEEN

<1puA

JiHZ& (Digital Multimeter) o
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© Bluetooth” THREAD

muiﬁéﬁ%* \\ SMART fn“””@'ﬂ?
Current HULIKFE FIBIRED VL& (M GBI 2K, HLOI TR | @@k = A
T R R PRI S A 5

a iance [ ISA100Wireless

)

0)

(t

Wide Area Networks for loT
loT and M2M standards
Acti =
“M“ \ﬁ. {al
" Sleep

5 0 P EL B I8 8 o R A R S i IR A8 B 1 R, 1 70 FH 3R
PSRN R AT A5 LIRS R A EELAL.

#EE’JI@E—E

R 7 < g s R ) I R T A

A PR Ay Y B B d 1 2-bit 7< P 88 S A I8 R A
17 U B ANIE e ARSI B L S A
EZLENE - Y B I &

A measurement setup example
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Oscilloscope
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CX3300 A HIRH I 7MY

o AT PTAR M AR
y I*ﬂ%%ﬁ#ﬁﬁmﬁﬁﬁﬂﬁa, /J\Eﬁmu?FﬂmZSJJuﬁIEI’JEﬁonﬂxfr

A G it

= e -
oo (\E( ; i f’." et 3

ek bl §

CX3322A (2 &) CX3324A (4 @)

i

FEL Nk 3 ] 100 pA %] 10 A

e R TE 200 MHz

S PN ST P 1 GSals

R rwIFP(ENEH 14-bit 5% 16-bit

B NAFAE IR 256 Mpts/ch
JGIRERAL 2 54
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T

14.1” Z ik FEGUI

GNP S

(w/ a Sensor Head)

GENIN LIRS

(no Sensor Head type)
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CX1101A

Current Sensor,

Single Channel

v'100 MHz max
bandwidth

v40nAto 10 A

v'+/- 40 V Common mode

voltage

B 7 5 NI R 7 A% ks

CX1102A CX1103A
Current Sensor, Current Sensor,
Dual Channel Low Side
v'100 MHz max v'200 MHz max
bandwidth bandwidth
v40nAto 1A v'100 pAto 20 mA
v'+/-12 V Common v'+/- 0.5V Common
Sensor Head reqU|red
mode voltage mode voltage
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CX12xx A& [k 28 a1

SMA
( CX1202A \
CX1201A (with a voltage monitor) CX1203A
HAHCX1101A
A1 CX1102A
CX1204A CX1205A
Shielded twisted pair Test lead CX1206A
Banana plug for 10
A measurement
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DUT &7~

IHH] |1.1~

ﬁ_ 1 """ TR »

SMA i [
Sensor +
. - 4~ Sensor Head v BT T ARG e S
v Often # H T2 & &+
FIRAE (344, E5 K
, TERAM)

DUT (Single device)

Test lead connection

Attach a Current Sensor to Mainframes
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SR T 25 1#1: “Anywhere” Zoom ThfE (CX1101A)

v X

Single) RAAAAAAANANAANS Emulated BLE waveform by AWG (33662A) [ Xas Y lE

Channel 1: 2000 maAs | 120MA

juswainsesiy

10.0 mA
You can move and

resize this area
anywhere on the
graph!

8.00 mA

uonaun4
-
b d

6.00 mA

4.00 mA

1266 |

2.00 mA

0.00A

SIBUI0

-2.00 mA

-4.00 mA
-650 ps

“‘Anywhere” Zoom Sharp and low

noise waveform

Channel 1: 1.118 mA/ || 10.5mA

1 9.41 mA
8.29 mA

717 mA
. E—

1
1
1
1
1
1
1
; ! 1 6.05 mA
~ 20 us/div |
1
1
1
1
1
1

493 mA

3.82 mA

1 270 mA
I

I 1.58 mA
TP ~ T E"

500.0 ps/, 850.0 ps T PulseWidth, PositiveAuto 1 2.000 mA/, 4.000 mA : 3
200.0 MSafls, 1.000 Mpts Channel 1, 7.420 mA 63MHz Range: 20 mA |
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SE R U L2840 #2: B[R] (CX1101A)

v XK

Single ] “ANANAAIANAANAANAANANNANNAS Emulated BLE waveform by AWG (33662A) i Xad |2 £

I
Il

JusLuunseay

Channel 1: 10.00 mas | #0-0mA

| H H I
NI

30.0 mA

il
20.0 mA
10.0 mA
1l

uonauny

0.00 A

H
Il

H
256 Mpts/ch memory by
10 MSa/s = 25.6 sec

I
Il

12B66u)

-10.0 mA

=g

-20.0 mA

-30.0 mA
-40.0 mA

Channel 1: 5.000 mA/ : 35.0 mA

!
Still high fidelity o .y 3l _ Ul R
waveforms due to high ;

speed sampling

2.000 </, 0.000 s T Edge, Positive Trig'd 1 10.00 mA/, 0.000 A | : : =
10.00 MSals, 256.0 Mpts Channel 1, 28.00 mA 4.4 MHz Range: 200 mA |
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LT 24161 #3: WU IE FLRAL RS (CX1102A)

x

single ) foAAAAAS NS Emulated BLE waveform by AWG (33662A) I s Nasi 0¥ lE ¢

Channel 1: 5000 mas | J0-0mA

jusLuaUnNses|y

25.0mA

!
200 mA
+“—>

uonILN

15.0 mA

10.0 mA

1266 |

. 5.00 mA
Simultaneous

measurement by two : : : : 0.00A
different ranges '

-5.00 mA

-10.0 mA
710 ms 8.10 ms

Channel 2: 100.0 pA/

400 pA
300 pA

200 pA

-100 pA

| |
H 100 pA

100 uA/div
-200 pA

-1.90 ms -900 ps 100 ps 1.10 ms A0 A0 n 510 ms 6.10 ms 7.10 ms 8.10 ms

1.000 ms/, 3.100 ms - Edge, Positive Auto - 5.000 mAJ, 10.00 mA 100.0 pA/, D.000 A | = :
100.0 MSals, 1.000 Mpts Channel 4, 960.0 mV 40MHz Range: 200 mA 40 MHz Range: 2 mA
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A ) — 893 #r D) Re

S e v
WDC 2 &

0.00 dBm

Main Waveform

g

1]

% Single ) Emulated BLE waveform by AWG (33662A) c’ A |2 £
2 .

(41]

= |

ChanneH 1 000 mA/ 6.90 mA | Channel|1: 20.00 dBm/

Spectrum Analysis | -20.0 dBm
(FFT)

| -40.0 dBm

| -60.0 dBm

Channel 1: 125.0 m/

Statistical Analysis: CCDF Sl | L] [
(Complementary Cumulative | 3 i
Distribution Function

-160 dBm

-1.10 mA 2.90 mA 5.00 MHz

630.0 psf, 2532 ms T Edge, Positive Auto n ; 1.000 mAJ, 2.900 mA
100.0 MSals, 1.000 Mpts Channel 4, 2400V 40MHz Range: 20 mA
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CX3300_BLECurrentProfilingDemo_buil-in_data_20160502.mp4
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-
\ To current sensor

S

o HVAL AR IES] HEB(CR2032) F1 DUTZ ]
o B AR ISR E T iPhone App k¥l
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FH CX3300:M 1 B Y Bz I
BLE it

|

Run Stop I'\/\/\/\L/\/\/\/\/\/\/\/V\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\/\4 Q @
1

i(c3)! @ 500 ps/div

\ y

+—>

jusw2inseay

uonsun4

i 2 mA/div

1266u |

5j00]

~21 us/div

I-«‘I.S mA/div

Spike Current in-detail

Shape of currént slope clearly

500.0 ps/, 1.970 ms = Edge, Positive Auto s 2000 mA/, 5900 mA | F
200.0 MSa/s, 1.000 Mpts Channel 3, 1.710 mA | 100 MHz Range: 20 mA
I N » N 3 I A EJ
br e\ | 75 He
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FHCX33001E 47 AL I 70 B
Idd & Vdd Wk T

m"rrwuij p’u ‘V

L

Stop A A A A A A VAV AV AVAVSVEN | fr‘
Il I/\ 1“ N‘ M H\ M] ”\/W\M ¥ 4 1mA/div.

JuaLURInseay

m

uonauny

1266u )

} ‘ﬂv
$0.7mA/divY

o
b

SIAUI0

¥

0.00A

;

-5.00 mA
-5.00 ms. -400 ms - - -1.00 ms {IIDDS 1.00 ms 200 ms 3.00 ms 400 ms 500 ms

i —
(ca)i ﬁ
L ‘_‘
§ 50mV/div.
1.000 ms/, 0.000 s o PulseWidth, PositiveAuto 5.000 mA/, 15.00 mA s 50.00 mVY, 3.675V DC
100.0 MSals, 1.000 Mpts Channel 1, 7.000 mA 40 MHz  Range: 20 mA 43MHz Range: 500 mV
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MR B2 - e Ry E N MCU + LED
LPC810 (NXP) JE B 1T H A 9¢ AILED KT

E— DRI AR SR 4T HFLEDAT
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FH CX3300M K H ¥t
1l MCU + LED

v X

Primary View |t

JuswIaINSesy

2 ms/div

ey

uonaun4

12660

5j00]

i ~ 56 ps/div
ll ‘Anywhere” zoom

A 2mA/div

v

2.000 ms/, 4.300 ms Edge, Positve  Trigd S 2.000 mAY, 8.000 mA |
50.00 MSals, 1.000 Mpts Channel 3, 3.800 mA " soMHz  Range: 20 mA |
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AN i&r 2l
N2820 #5:k

MO i, HEL e
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THREZZHERAXE L, FEX:
http://www.keysight.com/Find/loT

http://www.keysight.com/find/CX3300
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Thank You !
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