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What is [oT?

» 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)
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loT market and trend
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Technology trend 1:
How to reduce current
consumption

Technology trend 2:

How to fully study device
operation

Page 3



loT Device Measurement Needs
loT Sensor Configuration

General Circuit Engineer:
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Trend 1: How to reduce current consumption?
Further reduction of low power devices operating intermittently

Current profile Active

| J t—»

Sleep/standby ;
i When more current i
__________ consumption

------------ Ss==  reduction is required

Reduce sleep/standby current Reduce active current and duration
(<1 pAlevel) (>10 mA level)

KEYSIGHT

TECHNOLOGIES Page 5




How small is the low current for loT application?
Microchip Technology PIC18FXX2

o < 1.6 mAtypical @ 5V, 4 MHz
o 25 pAtypical @ 3V, 32 kHz y
o < 0.2 YA typical stand-by current 13 bltS

8,000:1

ST Micro STM32L0xx

o 11 modes: Stand by, Stop, Low Power & Sleep mode 20 OOO 1
’ n

o Current Range from 290 nAto 41 pA 15 b

0 5.6 MA @32 MHz @1.8 Vore ~3.6 Vpp ItS

Zolertia RE-Mote platform

o Turn off mode (150 nA) 160’000 1
o Active Mode (2.4 GHz Rx, CPU idle) 20 mA .
o Active Mode (2.4 GHz Tx, 0 dBm, CPU idle) 24 mA 18 bItS
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Why uA-level sleep current is required?

Rough calculation for 1 year operation with a coin battery

Wake-up

=2.67ms sleep
lwake-up8.25mA Il _.- Target average
. ___ e ___ 7 26UA

Connecti'on interval=1000ms

m Target average current for 1 year operation
= 225 mAh / 8760 h(1 year) = 2Z6UA

CR2032, Capacity:225 mAh

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

= Isleep = <4uA
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Trend 2: How to fully study device operation?
Measuring transient current when a short pulse is applied

Voltage pulse for ReRAM evaluation

SET .
- Existing analyzers can
Vggr Difficult to measure measure current here, but ...
transient current in this
< 100 ns S - =
(>(> ¢ Va (){) ¢ - Vs
) ~Se_-" ~Se -
g ] ¢ trsT {
g tser < 2 >
t -
1 & ty Difficult to measure
<100ns| . ransient current in this
short pulse
Vrst
_ RESET
Time

Current transients in a short pulse provide customers with deeper
insights on the device or material.
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Issues: Advanced Device Characterization
ReRAM, PRAM, Image sensors, Semiconductor devices, etc.

Background

Due to ongoing device scaling and the adoption of new
materials, wide bandwidth low-level current measurements are
required to fully study device operation.

Measurement

Transient current measurements are made with a shunt resistor
after applying a short voltage pulse (< 100 ns) to the device to Oscilloscope
reveal device and the materials characteristics.

2

Issues customers are facing

* Measurement noise: Noise limits low-level current sensing

» Limited dynamic range: Even 12-bit oscilloscopes insufficient
« Bandwidth: Insufficient bandwidth to detect transients

Transient current

measurement example
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Low level current waveform measurement challanges

Measurement Challenges

1. Limited Dynamic Range
» E.g.. Sleep mode (nA) — Doze mode (UA) — Active mode (mA)

2. Large Noise
» Clamp-on current probe may have >1mA noise.

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

4. Need more than 1 instruments

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

N
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The dilemma can be solved by the CX3300 Series

Current Current
—_> Time —_— Time

Previous waveforms CX3300 series

The CX3300 series allows:

« Engineers to quantitatively evaluate the current and power consumption
waveforms for low power device development.

 Researchers and engineers to measure fast transient currents required
for further study on advanced devices/materials.
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CX3300 Series Device Current Waveform Analyzer

Precisely visualize device current waveforms you’ve never seen before.

From 150 pAto 10 A, wide
current range with 16 bits
resolution

Max 200 MHz wide dynamic
range with 1 GSal/s fast
sampling

xxxxxxxxxxxxxxxxxxxxxxxxx
yyyyyyyyyyyy

Specially designed three
types of current sensors and
six sensor heads for easy

connection to DUT
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analysis function
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CX3300 series Device Current Waveform Analyzer

Measure low level current waveform that you never seen before.

Main frame and accessories was optimized for large bandwidth, small current
and wide dynamic range measurement.

WSO a2ttt et
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2 vy CECEREIE N 3
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b - P livirer R

CX3322A (2 Channel) CX3324A (4 Channel)
Specification
Current Measurement Range 150 pAto 10 A
Maximum measurement bandwidth (current, voltage) 200 MHz
Maximum sampling rate (current, voltage) 1 GSa/s

: 14-bit (Normal Mode)
Measurement dynamic range (current, voltage) 16-bit (High-Res. mode)
256 Mpts/ch

20r4

Maximum memory size

Channel
"W Y TECHNOLOGIES
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Current Waveform Measurement Positioning:

TECHNOLOGIES

Positioning Precision Accuracy Bandwidth Product Price range
Measure : - Scope price
0
Only >1 mA 2% Widest =y +500% to $1K$
Clamp-on \
current probe

Measure > 50 pA 204 Wide Scope price

Only (3 MH2) + 3k$ to 4k
Measure Wider

0 =
On|y > 150 pA <1% (200 MHZ) : '  CX3300A Device Current e T el
Waveform Analyzer
Source N6705B DC power analyzer
+ Narrow N6781A SMUs
> 20 nA 20k$ to 40k$

Measure < 30 kHz

ment T
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CX3300A Coverage
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Solution components

Mainframe

14.1” Multi Touch
GUI

Current Sensor with
Sensor Head
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Benchtop Size

Current Sensor
(no Sensor Head type)

Analysis
Capalbilities

Passive Probe
Interface Adapter

Digital Channel
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1. Run control buttons: Set Run/Stop/Single measurement.
la. The same control can be made by the touch screen icon box.

2. Horizontal parameter control
2a. Displays the Horizontal parameter setup summary.

3. Trigger control
3a. Displays the trigger parameter setup summary.

4. Vertical parameter control
4a. Displays the Vertical channel setup summary.

2a/3a/4a: Clicking the box enables to change the related measurement parameters.
KEYSIGHT
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> Quick gmde of front panel keys and GUI (cont'd)

| AV KEVSIGHT  CX3326A Device Current Waveform Analyzer

5. Tool Palette: Apply Measurement, Function, Trigger, Analysis to waveform by drag &
drop the icon.

6. Zoom, Display control

7. Side Bar: Can access almost all settings from here & Load/Save/Help/Utilities(User
calibration etc.)

KEYSIGHT
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Current Sensors |
HF noise suppression with low-burden current sensing

Basic current sensor

CX1101A

Current Sensor,

Single Channel

v"100 MHz max bandwidth
v40nAto 10 A

| | v'+/- 40 V Common mode
(. ) voltage

Sensor Head required

More dynamic range More BW & lower noise

CX1102A CX1103A
Current Sensor, Current Sensor,
Dual Channel Low Side
v"100 MHz max bandwidth GD v'200 MHz max bandwidth
v40nAto 1A v'150 pAto 20 mA
v'+[- 12 V Common mode v'+/- 0.5V Common mode
e — . voltage voltage
Sensor Head required

KEYSIGHT
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Sensor Head and the connector type

SMA

A

( \

CX1202A
CX1201A (with a voltage monitor) CX1203A

Furnished with
CX1101A and
CX1102A

vd g

CX1204A CX1205A
Shielded twisted pair Test lead CX1206A
Banana plug for 10
A measurement
KEYSIGHT
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DUT connection examples

fa T e

fae—w

SMA type connection

Sensor +
e -4 Sensor Head

v'Most wideband and
lowest noise
measurements
v Often used for device
«q Characterization on
wafer (semiconductor,
non-volatile memory)

DUT (Single device)

Test lead connection

Attach a Current Sensor to Mainframes

KEYSIGHT
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Sensor+ ~_ '\“\\x&\\\ 4 v'Easy connection up to
Sensor Head /2 ~ 10 MHz bandwidth
7 4 v Often used for
ol customer’s DUT
j , Y evaluation board
Battery 1 (Cchip B (Bluetooth, 10T device,

;“"f" low power MCU, etc.)

‘t
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Tips: Connection example to customer’s DUT

CX1203A Coaxial Termination

Solder wires

CX1205A Test Lead Adapter

e
2o

AA. KEYSIGH]
TECHNOLOGIES

Applicable Current Sensors: CX1101A, CX1102A

Sensor Head Connection | Max. standalone
type bandwidth [MHZz]
CX1201A
Coaxial Through
CX1202A Coaxial
Coaxial Through with V <100
: (SMA)
Monitor
CX1203A
Coaxial Termination
CX1204A . .
Twisted Pair Adapter Twisted pair <<10
CX1205A
Test Lead Adapter Test lead <<10
CX1206A Banana
High Current Adapter with plug <3

Expander, 10 A

Page
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Tips: Ground lead connection
Where to connect the ground lead in a floating device?

When measuring current When measuring current
from source to DUT at high side from DUT to source at low side
[ —
T VIN
o *le <
. /

Note: Connect
! ground lead to the

negative electrode of
J VIN the battery, not to
)

+

GND terminal (= +
terminal of the current
Qensor) of the board.

I+

If you connect here, the
GND additional current flows into
current sensor due to the
voltage difference between
ground lead and circuit

KEYSIGHT \_common of current sensor

TECHNOLOGIES [ 1 Hands-on #1 [ Page




Waveform example #1: “Anywhere” Zoom (CX1101A)

juswainses|y

1266u)  uonoun4

s3I0

S Emulated BLE waveform by AWG (33662A) "l Ya

You can move and
resize this area
anywhere on the
graph!

-
b

“Anywhere” Zoom

500.0 ps/, 850.0 ps PulseWidth, PositiveAuto
200.0 MSals, 1.000 Mpts Channel 1, 7.420 mA
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Channel 1: 2.000 mAS

500 us/div

Channel 1: 1.118 mA/S

Sharp and low
noise waveform

+—>

~ 20 us/div

2.000 mA/, 4.000 mA
63MHz  Range: 20 mA

v X

£ 3

12.0 mA
10.0 mA

8.00 mA
6.00 mA
4.00 mA
2.00 mA
0.00A

-2.00 mA
-4.00 mA

| 10.5mA
}

| 9.41 mA
|

1 829 mA
7.17 mA
6.05mA

4.93 mA

3.82 mA

270 mA
: 1.58 mA




Waveform example #2: Long duration measurement (CX1101A)

(TP

jusLuunseay

uonauny

1266u)

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

-20.0 mA

1810

-30.0 mA
-40.0 mA

Channel 1: 5.000 maf | 1 39-0mA

!
Still high fidelity
waveforms due to high

speed sampling

; X To0ms~ ~ B.00ms
2.000s/, 0.000 s T Edge, Positive Trig'd 10.00 mA/, 0.000 A 3 4
10.00 MSals, 256.0 Mpts Channel 1, 28.00 mA 4.4 MHz Range: 200 mA
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Waveform example #3: Dual Channel Current Sensor (CX1102A)
B 5.2 vavoom o v 552 [RVE YA RIEE
(@

Channel 1: 5,000 ma/ | J0-0mA

JusLuzunses|y

25.0mA

} .
D

uonaun4

15.0 mA

10.0 mA

1266u )

) 5.00 mA
Simultaneous

measurement by two ) 0.00A
different ranges

-5.00 mA

-10.0 mA
210 ms 3.10 ms

Channel 2: 100.0 o/ | 400 BA

300 pA

200 pA

ms 7.10 ms 8.10 ms

6.
|
100 pA

200 uA pp NS 00 A
-100 pA
!

-200 pA
—>

A -400 pA
-1.90 ms -900 ps 100 ps 110 ms 510 ms 6.10 ms 710 ms 8.10 ms

1.000 ms/, 3.100 ms - Edge, Positive Auto : 5.000 mAJ, 10.00 mA 100.0 pA/, 0.000 A
100.0 MS3af/s, 1.000 Mpts Channel 4, 960.0 mV 40 MHz Range: 200 mA 40 MHz Range: 2 mA
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Waveform example #4: 20 ns pulse transient (CX1103A)

1a VEIO v X

Single ) "ANNANANANANANANANANANANAA] Pulse waveform by AWG (33662A) Wy C |2 £

Channel 1: 50.00 pA/ 200 pA

juswainsesiN

uonaun4

-l
=)
@
=}
]

-200 pA
-100 ns -80.0 ns -60.0 ns 60.0 ns 80.0ns 100 ns

20.00 ns/, 0.000 s — Edge, Positive Auto ’ 50.00 pA/, 0.000 A 2 3 | 4
1.000 GSafs, 1.000 kpts Channel 1, 0.000 A 89 MHz Range: 2 mA ‘
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Additional analysis capabilities

e — -« R |
B Emulated BLE waveform by AWG (336624) Feslau 2RO} vsn v WOC |2 $

6.90 mA | Channel/1: 20.00 dBny | 0-00dBm

Spectrum Analysis -20.0 dBm [f?\rj)
( FFT)

e

JUBWAINSEaN

Channel 1: 1.000 mA/

uonouny

12660 )

-40.0 dBm J’hf[

SIYIO
‘1};

-80.0 dBm

WOC |2 #

Channel 1: 125.0 m/

Statistical Analysis: CCDF
(Complementary Cumulative
Distribution Function

-120 dBm

-140 dBm

| | | | 1 | | | -160 dBm
-1.10 mA 290 mA 5.00 MHz

630.0 ps/, 2532 ms ' Edge, Positive _ Auto . 1.000 mA/, 2.900 mA

100.0 MSa/s, 1.000 Mpts Channel 4, 2400V B 40MHz Range: 20 mA

KEYSIGHT
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Case Study : Supply current monitoring for MCU + LED
LPC810 (NXP) just turns on/off an LED periodically

» Turn on an LED after waiting for a long time in standby mode

KEYSIGHT
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Current Waveform Measurement by CX3300
Supply current monitoring for MCU + LED

L EaEE L

2 ms/div

, H |
fll “Anywhere” zoom

2.000 ms/, 4.300 ms e, Posiive  Trigd 32.000mA/, 8000 mA |
50.00 MSa/s, 1.000 Mpts % m, 89MHz Range: 20 mA|
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Keysight Technologies Current Measurement Solutions

Choose the right solutions to meet your needs.

CX3300 N6705
EEee cee - &
= agz;tg e
Lz.® e
. B ER Rk

Scope & N2820
current probe

Yo w ] =) 0 2 i l‘.
7 e e o mm '.,g‘eojoj

- _—
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Enable loT modules development with Keysight
advance low current measurement capabilities

For more loT Test information, please visit:
http://www.keysight.com/Find/loT

For more low current measurement, please visit:

http://www.keysight.com/Find/CX3300A

T[h]@[mkou !
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