Rl malE 5 CX3300
et ifit i S 3 HT (Y

HEE 2019.08.07
Keysight Technologies

EEEEEEEEEEEE



+10,000 258

ixed 18 ADC

Terminale Apertire Aute Tere

. D@ ®

KEYSIGHT

TECHNOLOGIES




FE i RIIA R

%lﬁmmx
%MHTIEHEJ_J_TAZISE—EEEEEI’JEﬁ,iﬂl-lﬁﬂll%umﬁir , [EFREER. BRRAE
ZiE , Bk "', e A

[ - dQ — AN FHYHEE,e=1.6x107-19C?
R = 1AZHE , RR1HHRIEAL16.25%107 1808 F
A A RREPERR WA K
¢ i ER o
S 1. B8, (BEId , BREERT )

2. BEHBITEAF. (S, BAGHER)

a f P n K m Kk M G T P
(atto) (femto) (pico) (nano) (micro)  (mili) (kilo) (Mega) (Giga) (Tera) (Peta)
1018 1015 10% 109 106 103 1009 103 106 10° 1012 1015

—LeE DAY

Q@Q%M*Jn)?'ﬁ%mb 8pA , MOS FETFFREREER 200nA , EBFFFR1.5uAZE10uA , LEDYT 1TE10mA
YT E200mA | ?*ﬂ@ﬁ?ﬁSOOmA,fﬁﬂ%%SAEmA EBRSZE 200A - 1000A.

KEYSIGHT

TECHNOLOGIES



HRMES
EXYBTE, | = U/R

ca

A A A
Rshum

== 3 Load

EVFEERE “Rshunt” EREXBIEES , @I HiREEU |,

iR EEREIREER [ = U/R

a f 0 n J m
(atto) (femto) (pico) (nano) (micro) (mili)

|
1018 105 1072 109 106 103

KEYSIGHT

TECHNOLOGIES

4 IV

Main Primary Main Primary
Conductor Conductor
Hollow Core i Ipl
Is
Ammeter
® :
cT [> Secondary
§ Winding
Is
Primary
Current Secondary
Winding
) Circuit
Construction Symbol

HIRFERAIMASN | NIRRT/l (Y
A ENRINEISEEEEUS

(killf:)) (Mel\gna) ?&Wﬁ_‘l‘_
] A= ]

100 108 'IOL




HE

N

RE

JEE R

A A A

'w KEYSIGHT
TECHNOLOGIES



1B RIS EE—8 R BE
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r@* © DHFRSIRSREPLCXKEX

VV\/
Rshunr
D
U
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LB, DRFRMNERNERET "BUEFERE" RshuntfRimgFEE , AIEEUEER : 1= U/R,

Range 10 pA | 100 pA 1mA 10mA | 100 mA 1A JA 10 A
Effective Internal Shunt Value 1 kL2 100 £2 1042 182 0.1 82 0142 0182 | 000582

Autozero Off Error 150 pA 1.5 nA 15 nA 150 nA 15 pA 150pA | 150 pA 3 mA

Up to 1Kohm Shunt Resistor under 10uA range

NPLC Digits 10 pA 100 pA 1 mA 10 mA 100 mA 1A aA 10A %
5
0.2 6
0.2+ Bl 0.0005 PLC = 0.0005 x 20ms = 10 us
0.06 5%
0.006 4
0.0005 3

KEYSIGHT

TECHNOLOGIES



A ) Qt A | | — oo » ~= =
168 FH %illbﬂ“ﬁt‘)(ﬁ TSR RNE v e
LR AN 18: Biill
45/vB1E: Hifi 2 500kHz
et E] MAEIE: <0.116us

FRE ¢ AKX fg/@E: < 0.7 s

| : S/ANAIJUEEFE  250pA (A N2822A 20mQ, 500mW)

/ A * 50pA ({8 N2824A 100mQ, 500mW)
/ o, c 50 A ({i F N2825A F 15 X 1kQ, 500mW)
//// _T_ sxmAEEE  5A(EHN2822A 20ma, 500mW)
N2820 A\ FLHLZRSL 2.2 A(fgF N2824A 100mQ, 500 mW)

22 mA ({ i N2825A il Fa 2 X 1kQ, 500mW)

oo op
A\

INEB N E
EDMM , BFEERRENIEHE

ne N2780B N2783B .
#%(-3dB) BHHZE2MHz BEiZE 100MHz l)ll,?t/.]\ ! E.
EFAtE 175ns HE{R 3.5nsHEE

BB (ELE)RMS 500A 30A

BABFEE (REg) 700 A lE{E 50 Al

BIENS R (EE +3%MBE,  20mA 5mA

TERIEE A 1 mV/diviEEEh

B asEss)

BB EL 0.01V/A (100:1) 0.1V/A(10:1)
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it R) B EHL L kS
RP7961A 500V +20A bkW
RP7962A 500V +40A 10kW
RP7963A 950V +20A 10kW
RP7941A 20V +400A S5kW
RP7942A 80V +125A 5kW
RP7943A 20V +800A 10kW
RP7945A 80V + 250A 10kW
RP7946A 160V +125A 10kW

KEYSIGHT

TECHNOLOGIES



!I:‘d'y* EE;IIKI:;IJU E‘)‘%_S MU JE%/ JS'ZI%EI’J EEmuU'l'Ja

A ueeTA
. I;o.oooas'z pA

a f p n u m
(atto) (femto) (pico) (nano) (micro) (mili)

Mjem_ I I I
10 10-1® 1012 10° 1&5 14‘3 10|“

- ) O .

B2980 [Z&3R/ERHIT

B2900 {&&RE

KR & K% 4& /&t
B2900A § ngh Force B2981A/B2983A B2985A/B2987A
=0 oA 6%
AL E 0.01 fA - 20 mA
DUT PR 2 ph
w2, L3 < Up to 10 PQ
S & 1 uv-20V
L ow Force N > 200 TQ
Common CHME 16 -2 uC
N v
AZTR BELRFNET— L BRI LAR, LELARENE: 5 E f
g v
LR ME ERAAT € E Up to *1,000 V
1) LR 210V, SAKA / 10 5ABH rym 20,000 rdg/s
2) S PE100nV/0FA,  ( 61z £, 22H4F ) :
3) fEEMA AR, &% 100KHz R B2983A B2987A
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157.826 pA

1 ms.

Min
9.434 pA

Avy

Measurements Between Markers
A = 01:39.999949

15.264209 mA

T Min/Max  File: EEEF2E -5 LRSS Lo ST ST K ..

77.459328 mA

Trigger Data Log Run Button ~

Peak to Peak
77.449894 mA

Source

145854 ~

IRV RIFEER EE AR

AUTO SCALE

Marker 2
01:39.999949
Charge / Energy Av(
424.006 pA h 36.600294 mA
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HFHL v |[HEE |SEE |EEWw [BFEE FUEFHE [RE ZEiE EAL EREN | BETIEE
FHRE il L REE 0 REE |4 FES |0 REE| 4 REE LA RES ke |4 RES |4 REZ| 0 RES RS
FEYE AT (] 0:00 0:08 1:32 2:23 3:04 4:14 5:10 7:12 Tid4l 9:11
At (E] 0:06 0:28 1:43 2:36 3:14 4:26 5:23 717 755
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EHEAT(E] 0:38 2:15 2:58 3:28 4:57 5:58 706 734 2:36 —
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N6705-> N7900-> RP7900
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RP7900, 950V, £800A, 10KW

RN E TN RERY oA RE 1R
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v 14585AE£’J§5&EiB§{R Data Logger B/ A | | L (ERTNARAT| PRES

Gt =] 0:14 |00: 34| 1:09 1: 57

v OEMERANUETS , BEE MIFHL->EEWIFI-> 26> Bsire wEwE | oo o w 1 | us

EIEREE (A) |0, 14108(0. 66421 10,84 0. 81067

v ?X{L-F;Eﬁiﬂ%ﬁﬁﬁ?ﬁ?@{?ﬂ*?i%iﬁg{% ST (A) |0.18588( 1.03 14. 51 1.128
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2 Wl AW ESE

GG 5 i

Com W= A0 . .‘)

r-z("C .le.l
JL

CO{\W“ @ ."

/ T b
. B @@@@® <& C RCIA

r———— |-

344XXEIF R % B2980RY &%
MESEE : 10AZE nA, nPLC MESTE : 20mAZE 0.01fA, nPLC

5(]0 000V 10.0000A —— 4 -

, ﬁ\ TS l)Jl_tEEJ?
g M=5eE : 800A 2 mA, nPLC N6705CEIRIEDTTY

JBE : 8A & 80nA, 5us

iReR/FRIftRSk

&
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Er e, DRSPS T

NPLC | Digits 10 pA 100 pA 1mA 10 mA 100 mA 1A 3A 10A %
5 T
1 4 N
02 | 6% 1
0.24 6% 0.0005 PLC = 0.0005 x 20ms = 10 us i '
0.06 5% == 2 Load
0.006 41
0.0005 3V
Range 10pA [ 100pA | 1mA | 10mA | 100 mA 1A 3A 10A
Effective Internal Shunt Value 1kQ 100 Q2 10Q 1Q 018 014 01€ |0.005Q
Autozero Off Error 150pA | 1.5nA 15nA | 150nA | 15pA | 150pA | 150pA | 3mA

Up to 1Kohm Shunt Resistor under 10uA range

BVt FEfH S EFEKEK |

PRSI EIEIPLCKER

* 10AHEY, 5mQ;

10mA, 1Q ;

10uA, 1000Q

T ZDITUAREZEmALRRIEER

«  1PLC(50Hz) 4 ##2EJ91.0000000; 0.0005PLC (100KHz) 43 #%% 731.000
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ENHFER PEAY 220 Az dN{n]i%EEY
o8 (v )

__;__ % Load
1‘\;

W, 656, 4o 418 89 A

FEERNNEDHER

2 é%ﬂ%%&?&@v%
1 AAA X
= V=1xR

s

ANEBEFRNEEND (RZPHZEIMV)
a) BB/, BBpEAK, 1TmV = TuA x TKQ

b) &z , BiiA, BBE/N, TmV = 1A X
TmQ

1MV = 1uA x 1KQ I 1uV = TuA x 10
TuV = 1A x TuQ)

L PR 1uA, B3 F100MHz

IEARERVSEEED (FZSPHEMTMV IEEETUV)

KEYSIGHT

EEEEEEEEEEEE

IEEERTA , FHVERTUA ?

TuUA x 1Q = TuV

TAx1Q =1V

1V £207 , 8ED#1uV,

TEHO6 Y2 (21LU%F ) o¥¥==, BN1.000000



BY 4 E8 BEAY 220 Az 2N {ali2EHY

Max. current = (3 V) / (Rshunt + Rcap + Routput)

Table 10. CX1105A Differential Sensor, Single Channel

Range RMS noise Maximum bandwidth (-3 dB) Maximum common mode voltage
20 MHz NBW 2.5 kHz NBW #
Power 25V 1100 pv 200 pV L L0V
Supp|y v 1100 pV 200 pv N
(Battery) o T
= m il 3 +
— Shunt resistor ey 200 o
‘ AN, oJ\\ o DUT CX1105A
v i | MPU MNoise (rms) MNoise (rms)
' Output — ( ) ShuntR Range | Max Current 20 MHz NBW 2.5 kHz NEW
————  impedancg 25V 1000 A 440 mA 80 m&
. l 1V 400 A 440 mA 80 mA
— Residual B ' ecoup Ing 2.5mo 250 mv 100 A 18 maA 1.2 ma
resistarice _—- ‘ apac|tor 100 mv 40 A 9.6 mA 0.52 mA
v in cap J 25 mv 10 A 8 ma 0.16 ma
25V 500 A 220 mA 40 mA
1V 200 A 220 mA 40 mA
v v 5 mQ 250 mV 50 A g ma 0.6 mA
100 mv 20 A 1.8 mA 0.26 mA
Ny 25 mv 5 A 4 mA 0.08 m&
BRANEE 1 QRYEEERE | Blal KERES > ? 55 ms 10 ms
1V 50 A 55 mA 10 mA
20 mQ 250 mV 125 A 2.25 mA 150 pA
100 mv 54 1.2 mA 55 LA
25 mv 1.25 & 1 mé 20 pa
25V 50 A 22 mA 4 mA
1V 20 A 22 mA 4 mA
/ ‘ 50 mQ 250 mV 54 500 pA B0 P&
100 mv 24 480 pA 26 JA
25 mv 500 mA 400 pA B A
= _ 25V 25 A 11 mA 2 mA
Rshunt= 50 mohm Rshunt= 10 mohm Rshunt= 5 mohm 1V 10 A 11 mA 2mA
. 100 mQ 250 mV 25 A 450 pA 30
25 mv 200 pA
nglnrush@ //\ 7 25V 25A 11mA 0.2 mA
5’5 //[/ EE; v 1A 11 mA 0.2 mA
10 250 mv 250 mA 45 pA 3
100 mv 100 mA 24 PA 1.3 YA
25 mv 25 mA 20 pA 0.4 pA 2
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BVt FB FEAY 20 Az 2N{rTiZERY ?

= ||
! R ED L. EUEBRESEEURN -
. 1. AR TAE , BAE. BVE. W
i; 2. EHEEE IR A R AT A OIS

3. IRERIGRAVEBERRR | tT R &/ BRI NAYEFEE
4. EZEERERT |, TR ARERATHIER

ZERYF , R8T !

WNERBEFRMNESEND (RIFDHFHRIMV)
1mV = TuA x TKQ

RC EE,E% EI\J Hj-l‘E—_] %;&t = RC ’ ‘ shielded twisted pair cable is better to
avoid noise coupling
_ _ CX1105A
B L3RS = 1/2 M RC , RCHK , ELESASHIIE, o\ DA
NZLEJ FET switch to 10 mQ CX1105A
mate Resistor changes
«/\/\P-i__
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CX3300 Z4EiRiERZ Y

CX3322A 2 @i FERRE , BRI ER

CX3324A 4 1818
CX1101A sz Mow Pom G
CXT102A RSB A SRR Sy
CX1103A v BRiE ESSERFRSL

CX1104A v BFFIBERL

CX1105A Sk

CXT151A v {EZE400nVE EIRE

CXT152A AEE SOp AR RS

v 1GSa/s*tf , 200MHz+Z
v 14/16EEE D R
V{EZEA400nVEE [EIRE v BB E100AE 150pA
vIEZE150pAR IR 2. 53
et v Windowl{F 54
- ¢ N V141 ETRES R
- D) v—R, "IFEIS TR
P P - v EER
v RiGUE
VAR REHA

—
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CX3300#El R F

M 2 NV M RS BB i BX

TOO0uA , 100nsBKRERRSEMGEAZ

FEINVM (ReRAM, PRAME)RHESHT , BB TRV S, (R

100 pA

\[__/

-+—p
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FFHENVM: it H

_ % P R A M ReR A‘|V| The Periodic Table of the Elements
- BiF: . corres| nary oxide
|Tndustma.r|l 8:( _ NUSRALL S A et bttt redtnce eleivg T
ransportation T A 5T
pol BBESRAM ‘ _DESRAM _ 4 {Lii} Be metal that is used for electrode AL AL B
Na [M Allsi|P|s u Ar
EEPROr\ﬂ EEPRO'\-q 19 | Zv“ -11" 22' 23 24 27 ZE. o 30 ,‘.l 2 33“ 34
l' l' O C 1 n 208 < | AC
Cache Memory for SRR el 1) e CS‘B“ L"‘ Hf E“ ,‘i' ’.{.:-e % .Efa ,7].{" ‘%;fl },?gll ?.f’ bi ‘E‘; X"fé‘
s BB SRAM BB SRAM BB SRAM Fr |Ra|Ac Rf Db|Sg|Bh|Hs Mt |
DRAM DRAM DRAM o B B L ) O T I N B
7(:“; l?r I\od P):n Sm| Eu Gd Tb\DV I‘Qluo E; 11':1\ Yb Lou
Mobile Phones SRAM NOR Voltage pulse for ReRAM evaluation TPl U Npl Pu m CmlBi 1 6 M4 No £
SET
Mass Storage NAND Vger Difficult to measure
transient current in this
Non-Volatile Memory / short pulse
Emerging NVM positioning Volatile Memory e ——
<100 ns « {" =y v (d {" "SRV
o Diso__-1 "2 D~ 8
= ; trst N
—I-\I— Ay A =) = 2
RRAM — BE./X\"?{'L%E'% o~ tser (Ht t
1 & 4 Difficult to measure
<100ns| . transient current in
this short pulse

—{EEBH (A010KOIESEEV =1.5V ) Ve
V/R = 1.5V/10KQ = 150uA Time RESET

v Pulse width: 10 ns to 100 ns — 1 WA measurement under
v'Dynamic current: from 1 pA level > 100 MHz BW

= %‘Bﬂ (ZATOOKOEBHEV =1.5V )
V/R = 1.5V/100KQ = 15uA s




CX3300¥]8IRzFE

CX3300 Device Current Waveform Analyzer B1500A Semiconductor

Device Parameter Analyzer PGU Current Sensor
AUX == ==
Trigger-In \.. e = Q /\ %

.. S

50 ohm

7 L

1
Trigger-out. |5 — j, -

V
X1151 B1525A HV-SPGU
Passive (Any pulse generator
Probe I/IF can be used instead.)
Adapter

(IMQ) (obtional)

. 500 Feed-thru 7 8. CX1103A B fEREE, KM, 200 MHz, 100 pA Z 20 mA
Passive probe with BNC Tee \ ;E( 9‘ PGU—’;J ﬁbﬂ'] DUT il BAHE (-3dB) BXEESEK
3D positioner BNC adapter . B SHiA J‘E_l] é{} ﬁgﬂ' EHE BEAUE -
20 mA 5 A 200 MHz 50 mA
Low side sensor ) +
T g SRS 2 mA 15 pA 75 MHz
200 pA 150 nA 9 MHz 200 UA
o
20 pA 25nA 2.5 MHz H
] 2 uA 1.5 nA 250 kHz
: RS B 4 2 ' +2 A
BRI TR W — . 200 nA 150 pA 100 kHz tER
to circuit gommon. DUTﬁ_ HEC Bﬁ %ﬁﬂ 1§
Measurement setup example
KEYSIGHT
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XPULEBRESCFHFBHXNSBRMNE

QETRESEEIRAHIE -
. sloA. (KIEE
MEEK |, B KERRAY
Max 30A EEN=INGS

/ 100M bandwidth

I A
/—-Seepu

Power Line Voltage : 3.8V

=g
]_.,

MPU. APU GPU FPGA

KEYSIGHT CX3324A Be&CX1105ASCZER
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CX3300E8EI

Coverage, Penetration Consumption

Transmission
Latency Bandwidth
Number of N
Base Stations Radio Chipset
Costs

Radio
Subscription Costs

BLEIEZF AR e
orafE Rk

o

NB-loTEEFiZRIET
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CX3300 s5{HFHifiRRZ 53X

AR ERIE RN T2

CX3322A 2 1218
CX3324A 4 B8 ()
CX1101A —_— Io
CX1102A ! ) N \
CX] " 03 A v ﬁéjgfq]jﬁ\mwBﬂimx)\E VHYIERCES
CX1104A v %tma; %n i&}f}mak
CX1105A v EFABERL
CX1151A =se
CX1152A v 1GSa/s¥HE , 200MHzEs =S
v 14/16tbEm =
v EBFBEEI100AZE 150pA
\/{EE§:4OOHVEE,}:_EU§TE):=E v {EZ150pABFER
vV{EZE150pARERIER v {EZ400nVES [
%R, 538
v WindowiE{EE S

v 1A ETBEZSME
v —E T EEEE”
v Bl E

v XK=
Kot v (EERISHA



CX3300 1apxMfcE

)
lb'@ ® oF ot

owan > ettt

)
.“
- AR
CX1102A (CX1201A to CX1206A)
CX1103A
y &)
Far T
.4 o am
CX1104A r
S HiiHER S
// = (CX1211A to CX1216A)
¥
CX3324A (4 Ch) CX1105A
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CX1100 EBiEEHRE R

Sensor

Image in new color

Features

Key applications

CX1101A
Single Channel Current Sensor

& »

40 nAto 1A (10 A)
100 MHz

General purpose
loT, Wearable, Medical
Sensor

+/-40 V Semiconductor
CX1102A 40 nAto 1A loT, Wearable, Medical
Dual Channel Current Sensor ? 100 MHz

+/-12V

CX1103A

150 pAto 20 mA

On wafer semiconductor device

) 200 MHz * NVM (ReRAM, PRAM, MRAM)

Low Side 100 pA Current Sensor ’27’ ryay . Display dovices (OLED)
CX1104A 1 yAto 15A « General purpose

' 20 MHz * WiFi
Selectable Shunt Current Sensor ;& Y i —

o>

CX1105A 1 yAto 100 A « Mobile device, SoC, FPGA, APU, MPU,
Ultra-Low Noise Differential 5’ 100 MHz =
Sensor / +-40V /6 V * Semiconductor

KEYSIGHT

TECHNOLOGIES




CX1101A-03A/NEFEIRSL

3 6. CX1101A BBjAifEREss, BaEi8, &= 40V, 100 MHz, 40nAE 1A

. . i i B KR (-3d8) WM (REE) BXLREE
D) CX1101A 3 A A 3Kk % WA
/{-ng 10A 10mA 3 MHz? 15 mQ
v & FICX3300—/~iE 8 1A 2 mA
. v RAFE: 100 MHz 200 mA 0.2mA
K X 0 v MEFHE: 40nA to 10A 20mA 20uA = o
J.tg v FWEJE: +/- 40V [2ma 3 uA + 40V
v BAEELER 200 pA 500 nA S 500 kHz 3
400nA°3 25 kHz 3 00
20 pA 150 A 500 kHz 3
40nA3 25 kHz 3

CX1102A M+ ALKk

y 2 -_ﬁ v &5 FICX3300 /i i

; I i}

® = (A1) VEXHIL: 100 Wiz
VEALE: 40nA to 1A

o g gt @ Vi§HEE: +/-12V

o VEFERGRAHNE
..&’ vVELSEH KR A

RHHSERNME (100dB)

KEYSIGHT

TECHNOLOGIES

CX1103A /e iAIrk

v EA#HFF: 200 MHz

v iMEEE: 150pAE20mA
v FHEJE: +/- 0.5V

v Bl &89 SMAsR T

( v & FICX3300— A~ iF
Al

{EGIEAS ( nA)

by
[= e
=1ria

&

=, (200MHz)



CX1 102A ;FEBJJ'U\%U“JI J%

2 mA

3 1A il 0Byl BAHE WARE  BARERE
(-3 dB) (s EE)
CX1101A H BEERE'  ©E BAERE
TA 2 mA 20 mA 20 pA
100 MHz £0m0
200 mA 0.2 mA 2 mA 3 A
20 mA 20 uA 200 pA 000N, | N
2 mA 2 uA 20 pA g/ ke R £
20 mA3 8 A 200 pA3 400 nA3 90 kHz? L
2 mA3 1 pA3 20 pA3 40 nA 25 kHz*®

CX1102A e A24K K

T O
&

v & FICX3300 AAEiE

@ vVEKFE: 100 MHz
vEAZTEE: 40nA to 1A
o o ot @ VEREE: +/-12V
ot VEHEAHEEHSS
..5!‘ v LA AR ke A
FHHAEAMNE (100dB) [ N
100 dB Mw & &
X1 T ./ TEEER
X 100 Tl 77777777777777777
| NEERR
N\ J

KEYSIGHT
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]

pud
:
=l
=]
Q

[

Q
=7
I+

7l

1.000 ms/, 3.100 ms
100.0 MS3afs, 1.000 Mpts

5.10 ms 6.10 ms 710 ms 8.10n
] 5.000 mA/, 10.00 mA % 100.0 pA/, 0.000 A 2
40MHz Range 200 mA 40MHz  Range:2mA||



CX1104AXKE ;7] ZcH+EBH

o | 2 3 \ - o 5 = . = & N
B Typical Ry e » Rshunt % , NEEFTNIES TR, BES ;
18 vdut FIERE , B2IEDUT TAE,

100 A R 28 ma 160 A

X12124 10.0 &

2é m
504 - 4 & mh

> Rshunta’J\ Vdut FJ&RpEN

oM (B /Bl ESHE , MESEE,

LB EEEN TERZIESEIR

m v 2k 0 n.
—
| '
Keysight CX3324A with CX1104A/CX1121A(RIn=5.5 mQ) Tektronix TCP312A current probe A TiEeRE
(Measure with 10 MSa/ls, 5 Aldiv) High Res, 5 Al/div with Keysight a S-Series A i
vvvvvvvvvv R i_. ._,l o
Amplitude: 101 A
Rise time: 29.2 us Amplitude: 9.4 A ) | |
Rise time: 38.6 ps i i : %;H‘LEEﬁ
| AL sl AL
nA {REREE S
p1

CX3300 M1 61'_LADC chﬁ‘jzj],,_,_;
IRAREI A [ERIR s I z

> Clean 10 A pulse waveform

> Lower noise floor
> Smaller offset current

KEYSIGHT

TECHNOLOGIES



CX1105A EZ5HE (Bt ) |

BHiz(EHE KRR LB ENE

78

%

- Frerg
-

»
-
-
=
Customer's

e
J
shunt resistor /

- -

L

a5 B

-
- s

CX1105A
Noise (typ.; rms) Noise (typ.; rms)

Rerigs @20 MHz NBW @2.5 kHz NBW Vem

25N 1100 pVv 200 pVv
40V

1V 1100 pVv 200 pVv

250 mV 45 uv 3.0 uv
100 mV 24 uv 1.3 v 6V

25 mV 20 pv 0.4 pv

o Vairr
Rshunt

Voltage Range-

™Check to enable the ranges those Max.

Bundled 10 cm

shielded twisted pair

Optional user-

FEIRaL] -50 °C to +150 °C defined resistor tip

=

KEYSIGHT

TECHNOLOGIES

flset Sensor / Probe Dlsplay Current
= Off: Unit = Voltage
= On: Unit = Current calculated by Vdiff /

Resistor Value

Range 2500 mV

Off On

-.0.000A
Range 25 mV

DC



CX1105AHN£FBHAYERY

Max 30A

e 100M bandwidth

EVAFEE[H : 50mQ

Shunt R Range Current range @gg 'zieH(;:‘Sng @ggsfH(znnng
25V 1000 A 440 mA 80 mA
1V 400 A 440 mA 80 mA
25mQ 250 mV 100 A 18 mA 1.2 mA
100 mV 40A 9.6 mA 0.52 mA
25 mV 10A 8 mA 0.16 mA
25V 500A 220 mA 40 mA
1V 200A 220 mA 40 mA
5mQ 250 mV 50A 9 mA 0.6 mA
100 mV 20A 4.8 mA 0.26 mA
25 mV 5A _4mA —1—008mA
25V S50A <4 | 22 mA 4 mA
1V 20A 22 mA 4 mA
50 mQ 250 mV 5A 900 pA 60 pA
100 mV 2A 480 pA 26 pA
25mVY 500 mA 400 pA 8pA -
25V 25A 11 mA 2mA
1V 10A 11 mA 2mA
100 mQ 250 mV 25A 450 pA 30 pA
100 mV 1A 240 pA 13 pA
25 mV 250 mA 200 pA 4 pA
25V 25A 1.1 mA 0.2 mA
1V 1A 1.1 mA 0.2 mA
1Q 250 mV 250 mA 45 pA 3pA
100 mV 100 mA 24 pA 1.3 pA
25 mV 25 mA 20 pA 04 pA
KEYSIGHT

TECHNOLOGIES

+— Max. 30A with wider bandwidth

«<— | ow current meas. with 2.5 kHz
bandwidt

#l.

2.5VERE , WE 50A

?

25mV=iE |, M=
T0uA

36
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CX33002trIngeZ
EEN BN

Control Setup Trigger Measure Analyze Utilities Help

Measurement ¥ 4= X
Function

Time | Vertical Mixed
Math | Filter

//' R
Fall time | n
Rise time Fall time \1' dlu ll U' L“J ll

I_I 1 r Smum‘h Smum‘h
LY -
+ width

N, N0
o1

Smum‘h Smooth
Frequency

O\
U

Low Pass Low Pass

Jusi=anses|y

JusL=INseEs|y

uonaun4

uonaun4

=
1=
T=]
[17]
=

1266u |

sisAleuy

sIsAjeuy

Aeidsig

S\

Low Pass Low Pass

J/
[ /.

High Pass  High Pass

fejdsig

KEYSIGHT

TECHNOLOGIES

Jusw=anses|y

1266u)] = uwonoung

sIsAleuy

Aedsi

Analys:s

Area

b

Histogram

\M

CCDF

n

Profiler

Spectrum

/‘\,

Memory

Jus=anses|y

J12bbu] = uonoung

sishjeuy

Aejdsig

Display v = X
Markers | Annotations
Persistence Plot Axis

Waveform Memories

re
i1

Area  Area (+width)
B [
ik

Area (-width) Area (Period)

Markers Annotations
Persistence Plot | Axis

Waveform Memories

X1 and Y1]X1,¥1 and Y2

Show All




CX330092thThEEZ2
BRI

File Control Setup Trigger Measure Analyze Utilities Help

single ) | AN A A AN NN NN NN AN NN e WD C L e s

Tr
Channel 60.2 mA

Justuz1nseafy

50.2 mA

40.2 mA

uonoun4

30.2 mA

2002 mA

1366u |

10.2 mA

210 pA

=
=
&
-
')
w

-9.79 mA

_19.8 mA _19.8 mA
-934 ms -734 ms 866 ms 107 s
24.7 mA Channel 1: 3250 mas | 247 mA

21.5 mA 21.5 mA

fejdsiq

18.2 mA 18.2 mA
15.0 mA 15.0 mA
11.7 mA 11.7 mA
8.45 mA 8.45 mA

5.20 mA 5.20 mA

1.95 mA 1.95 mA

-1.30 mAZ -1.30 mA
-f.77 ms -6.17 ms -4 .57 ms 503 ms 6.63 ms 823 ms 1.600 ms/

2000 ms/, 66.00 ms = Edge, Pos Trig'd b . 10,00 mAS, 2021 mA 2 3 4
500.0 kSa/ls, 1.000 Mpts Channel 1, 10.00 mA 220kHz Range: 20 mA

KEYSIGHT

TECHNOLOGIES




CX330052#rIisE

X i5 7l & 6 15

File Control Setup Trigger Measure Analyze Utilities Help

Analysis -

3

iuaLuzunsesy

.Pl
il

Analysis - Area Histogram

T\ e

CCDF

J‘L.I'In

Profiler

1266u) © uonauny

sishjeuy

= X
I W WA VAV AVAVAVAYAYAY A VA VA Ve

feidsiq

Average Max

T69.326 nA 18.4526 pA

170.0 ms/, 140.0 ms
500.0 kSarls, 1.000 Mpts

KEYSIGHT

TECHNOLOGIES

—~ Edge, Pos Trig'd
Channel 1, 10.00 mA

Average
1.40244 mA

’ .
-30.0 ms 140 ms

Min P-P

-17.8999 pA 36.3525 pA

R A R A A A v @/\,

el 1: 4.000 mAS

Average

310.508 pA

-

RMS Start Stop Baseline

3.72143 pA 175047 -502.547 ms -152.453 ms 0.00000 A

- 4.000 mAJ, 8.490 mA 2 3
220 kHz Range: 20 mA

']

x
103
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R EF a8

File Control Setup Trigger Measure Analyze Uitilities Help

Analysis v = X -

Channel 1: 5.000 mAS

JuawInsesy

Io III J\/\/\/\/\/\/\/\f‘\/\/‘\/\/‘\/\./\/\.‘]’\/\/\/\/\/\/\/\/\/\/\/‘\/\/‘\/\./\/\z WS 2 E
][

Histogram T

uonoun

19661

sisheuy

fejdsi

1.200 ms/, 1.300 ms = Edge, Pos Trig'd b 000 mAS, 7.680 mA 2 3
500.0 kSals, 1.000 Mpts Channel 1, 10.00 mA 220 kHz Range: 20 mA

KEYSIGHT

TECHNOLOGIES




CX330092frIlEE
8 i T B

Control Setup Trigger Measure Analyze Ultilities Help

Function v = X

Math Filter .
N N N N Y N Y Y a A a aY a aVaV VAV VAR e X eI <> <
(C

r\!ﬂl)" rbfnbn' 10.5 mA
Function 1: 1.911 mA/

IPJ 10 l’ﬁ'\ IPJ 2 l’ﬁ'\

Smooth Smooth

M \
Moo W P, W

Smooth Smooth

-
juslwiinsesl |

uonaung

High Pass High Pass

Low Pass Filter

Operator

Source 1 (A) wz| Memory 2

-33.0 5 Cut-off Frequency

1030 s/, -2.100 s = Edge. Pos
5.000 kSals, 1.000 Mpts Channel 1, 0.000 A

KEYSIGHT

TECHNOLOGIES




Gonnected State

CX330043#7Lh&E

HEEENE — HEEEN

il &2 Bz B Fi2 B ah 1= i B f

Auto Save — Waveform 1 Auto Save — Waveform 2

Time

File Control Setup Trigger Measure Analyze Ulilities Help

Run Stop I )

T — Load
@ {E File Sel ion File Type - Composite

Look In... C:\Users\AdministratoriDesktop\Shanghai Telecom NB_loT\20 Back Up SEITEEELE (S S AR eI T,
Model CX3324A
Name Size Type Maodified Seri MY56160177

Desktop ] = n
) C;(33(]O_O_cxcomp 185.37 MB CHCOMP File HZ42018 11:13:26 AM Sampllng Rate

uon?

12660 |

. Memory Depth
15537 ME CXCOMP Fil 4242018 11:15:28 AM b
| =Rl e = Channel 1 CX1101A

Documents | ] cx3300_2.cxcomp 185.37 MB CXCOMP File 4/24/2018 11:15:36 AM Channel 2 CX1102A

Channel 3 CX1102A-2
|| cx3300_3 cxcomp 185.37 MB CHXCOMP File 14/24/2018 11:20:36 AM Channel 4 CX1151A

Hard

sisk|euy

Setups

4 | Preview

Waveforms

=

17}
=2

[
—

New Folder File Name cx3300_3.cxcomp

Rename File Type All Loadable Files

Run after loading

Auto Save : O =

6.700 s/, 1850 s - 250.0 mAS, -91.00 mA 2.0
1.000 GSarfs, 20.00 kpts Channel 1 89 MHz Range: 1A 170 MHz

KEYSIGHT
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L i - ) i .
] . g8 B® = g B 2 : : RE a
b & g & 2 2 & 2 5 | & | & g 3
& > = 33 & AN = 3 5 Q% P 2
- 5 = - = 3 B o - 2 : & §
3 . 3 S S & S E g & & 8 &% g 2
s a2z & & &3 8 g feEf = |86 ¢ o2
- s ™ = Py~ % > Nl & % = s A E = &
EE}]I}J%#'E;E E! 2 ald| 3 £ £ RE2AE R |8 RE &
FIFILIE i .4 -
re "
i - P -
2 z 2 -3 g
& 5 £ & | |&
- & s =S -
kS a - = 3
Zoom Profile | Auto Profile . Undo Clear Profile Preferences. .. [ & @ = r-
' Ed ) v &l =
= N (=)
- P = -
Description . 9
2.000 ms/, 5.000 mA/ Function 1 | §
18.00 mA , I '
13.00 mA Current ’ A B|C D IH E | D |l H|IIl D E D IH F J G
o Adverbsing event= ~8 ms et T
2.000 mA T SR BT
3.000 mA L et
2,000 mA Adw Event Avg. Current 2
-7.000 mA
-12.00 mA
| : -17.00 mA
-4.700 ms -2.700 ms 700.0 1.300 ms 0 Syatam Deep-Skeep Current_ ; 3
<«—T_adv_event= >
Time Duration Mean X Min Integral
1.164 ms 5.116 mA 4.669 mA nAh
18.25 mA 5213 mA 156 nAh .
Num. Label ime Duration Mean Max Min Integral Ratio
12.80 mA 6.524 mA pAh
= 1 ] 4.700 321 19.16 pA 15 6.066 WA 745 pAf
234 mA 19.83 mA 934.1 pAh G J ms 78 ms (. L 64 ,IuA UUJ.}}J 17 .Sp h
5126 mA 4679 mA 1 657 nAR 2 -1422 ms 61.55us .7 pA 2,632 mA 117.9 pA 13.33 pAh &
ol m 24 AL g 3 A 1361 ms 1548 s 6 ma 5.748 mA 645.3 pA 2079 pAh 1.22762067801367
5.213 mA 155 nAh b < 4 1206 ms 2185 s 7 mA 4392 mA 2413 mA 1807 pAh 10666769895589
6.475 mA 6 pAh : 5 B 9875 pis 1062 s ) mA 6.268 mA 3.386 mA 167.6 pAh 0.989469479427403
85 mA 19.83 mA 934.0 pAh 6 881.3 s 5927 s méA 6.219 mA 4167 mA 736.9 pAh 435109436548513
p. } } p
21 mA 7.125 mA 581.0 pAh 7 ¢ 2887 s 1305 s 77 mA 6.829 mA 5.213 mA 2240 pAh 13223285277801
RET 6.219 mA 1 pAh 8 1581 us 1405 us mA 6219 mA 4.823 mA 197.9 pAh 1.16859763198462
9 . - 5 . o 1m 2157 nAh 2735953517051
6.219 mA 4 e pAh 2 D |178.r_:, ps :11:9‘;4 A 72_5; |r: 27113 m: 111 ||:I 1 Z:Haic::; !
m 0 | 408.2 ps 6.4 s mA 1983 i 488 my 4855 pAh 2.866509061!
eI SR (U331 (200 R D 1 H 544.6 pis 1500 s nA 2269 mh 1983 mA 9238 pAh 5.45444247378647
6300 ms 100 ms 5543 mA 6.066 pA 16.94 nAh 100.00% 12 [ 694.7 s 1.164 ms 5 mA 2221 mA 4669 mA 1,653 nAh 9.76268333608989
13 D 1858 ms 4252 ps 5 mA 2071 mA 5213 mA 2156 nAh 12.729655531646
14 I 2263 ms 1357 us mé 1983 mA 6.524 mA 4828 pAh 2.85046907654618
15 H 2419 ms 150.6 us mA 2274 mA 19.83 mA 934.1 pAh 5.51547373406242
16 E 2570 ms 1.164 ms mA 2221 mA 4679 mA 1.657 nah 9.78142481519876
17 D 3733 ms 4251 s mA 2075 mA 5.213 mA 2.155 nAh 12.7253801158914
18 [ 4,158 ms 1359 s 284 mA 19.83 mA 6475 mA 4846 pAh 286142344191701
19 H 4294 ms 150.8 s mA 22.85 mA 19.83 mA 9340 pAh 5.51482501259325
20 F 4445 ms 2508 s mA 2221 mA 7.125 mA 581.0 phh 3.43066259796706
21 J 4696 ms 6120 s mA 7.132 mA 6219 mA 113.3 pAh 0.669089236464189
22 4757 ms 2253 s mA 6219 mA 4392 mA 323.3 pAh 1.908671886809
23 G 4862 ms 1318 ms 4099 pA 4391 mA 106.5 pA 150.0 pAh 0.885821995723497
24 Summary 6300 ms 11.00 ms 5543 mA 22.85 mA 6.066 pA 16.94 nAh 100

KEYSIGHT

TECHNOLOGIES



CX33001tiJ1E: Xt D L

SCMuVER BURIEEE £ (5521
=S18E (RMS) : 10.639uV
CX3300 + CX1105ARN{KIEE
(BW = 2.2KHz) : 366nV

Il

R R R R S VSN I\ R N eI =N
T

Channel 1: 20.00 pvi; 80-0BV @G

Joo
40.0 pv DD
[

200 pv

VAV VeV VeV Ve VAV AV Vo VaVaVa ) N AV VAV VAV AV AV oV eV aVaV eV aVaV) @ NC W

jJusLRINSE3|
juawLinsealy

Channel 1: 15.00 uv
60.0 v

uorpUN4
uonun4

1266u]
126Bu ]

“500.0 ms, 349.2)nV 500.0'ms, 349.2 1 ooov

'1:} ms, 106 ::\ M m A /\I /N\ /'A\\ ,ﬁ\ 5 Q 1064 &
\/ \// \/ \/ \\/ \/ \/ \/ \f \/ CX1105A 5230 AR5 = 366nV, . o

-60.0 pv

sishjeuy
sishjeuy

Aeydsig
Aeidsig

1 3 1 80.0 pv
000s 400ms  500ms 000s

—]
4._—| Measurement v 1

1 x x
Description Latest Mean Max Min Range Std Dev. Start Stop Q. Description Latest Mean Max Min Range Std Dev. Start Stop .g}

@ AC RMS 10 6395 pV 10.6357 pV' 10.6409 pv 106273 pv 13.6375 nV 529993 nV -500.000 ms 500.000 ms « @ AC RMS 349230 nV 366.558 nV 399916 nV' 349230 nV 506865 nV 17.0347 nV. -500.000 ms 500.000 ms

Measurement. v

@ Frequency 989977 Hz 992190 Hz 10.0119 Hz 9. 85679 Hz 165 065 mHz 56.6304 mHz -500.000 ms 500.000 ms

Marker

100.0ms/, 0.000s HR W Edge, Pos q 15.00 pv/, 18.00 pv DC N 100 0ms/, 0000s HR W Immediate Auto q 2000 uV/, 0000V DC
5.000 kSals, 50.00 kpts 22kHz Range: 25 mV 5.000 kSars, 5.000 kpts Auto 22kHz Range: 25 mV

KEYSIGHT
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CX3300ft17EXHE - DS

BfEHEAS , Nozomu Togawazli% , X F ATLHEREARDICNAVASR

i vl e
(1 LN SRR
/\ i. \U "'j |[" |

https://www.waseda.jp/top/en-news/56288

’ https vw.waseda,jp/top/en-news/56288 LP~-ac i".’u’ase:ﬁa Frontline Research Vo.. ‘ ‘

NP #ERE ==V wEmA) IRM O BEH)

Nozomu Togawa, Professor, Faculty of Science and Engineering

Specialization: loT, information and communications technology

ol

®

WASEDA University
PREEXE

Part 1: Using Artificial Intelligence to Detect Trojan Horses

News

About Waseda Waveform 2

41

Academics VAN
1 mA/div

Campus Life

Waveform 1
Research

A » /
‘M*IA',‘"\ o~ ‘,'W“’M"‘«M\« A J\"\,\“ \aA ,'vvv'\/v'ﬂ WA\ AMAAANM Am e papanst

Culture

——
20 ps/div

KEYSIGHT
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File Control Setup Trigger Measure Analyze Utilities Help

Z2 B IRATIIHEEE
FHER : 336/52 Hz
SEIYTHER(RMS) @ 127uW
BB © 5.24mA
IRERER : 18.67KHz

Juswiaunsealy

2 ms, 14 24 mV

uonoun4

12660

CX1103A

B A A AAAAR A AR Pu’\."',h.lh’va\.\.'\N\-mwm—wu\aww ‘@\Mwm-v‘[\,m—;mvuﬂJ‘.’\{W’V\ﬂN\ﬂN’\J\I\,"ﬂ{\F.I\-LW‘/J,erm-\vmwl/mﬁ\h’w&\-V\.'\FI.’VAM.N‘-\A-W\WV\J e i
C i

sishleuy

PMIC I—

Aeidsiq

VAR S |
AC / DG

Measurement

Description Mean [EYS Min Range Std Dev. Count Start Stop

@ Frequency | 336.521 Hz 336.521 Hz 336.521 Hz 336.521 Hz 0.00000 Hz 0.00000 Hz 1 -2.83600 ms 6.66400 ms

Corc, \FLIHERFERIE
r2| DCRMS 127.912 pW 127912 yW 127912 pyW 127.912 pW 0.00000 W 0.00000 W 7 -2.83600 ms 6.66400 ms OF i <
950.0 ps/, 1.914 ms - Edge, Pos Auto n 4 9, R Dlo

50.00 MSals, 1.000 Mpts Channel 1, 0.000 A - ?

%

KEYSIGHT
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CX33004th{iJ1EXt£ SRR PR

# CX3324A - Google 5. Tite Link Country |Company

Mational Institute of Advanced

= Google #FRIEE  cx3324A a

svailable SIC MOSFETS
. | —sic mosFETs B R B T -catei TAE LIS

ndustnal Soience and

Technology

& vE = (FEI0.07H)) L
s £ (FEEJ0.078) MLTiEcals Co-Cesgn Analyss of Energy. Latency, Ares sandia Maticnal Laboratories
ReRakd Anslog Meursl Training Accelerstor
. N . . . = Fl = 2 4 3 LEEE IESF oI5 o
A B R Accurate error bit mode analysis of STT-MRAM chip with a novel current z ReRaM ansiog UISHERNSIEREEE. BE. EHRA
2018LL% measurement module implemented to gigabit class memory test system Opto- EBlectronic Sensor Metwork Powered over Fiber for Harsh industria Germany |Budsimann Elektronik GmbH
2018103k R Tamura, | Mori, N Watanabe... - 2018 Non-Volatile ..., 2018 - ieeexplore ieee.org =
2015103 ... The developed current module and the device current waveform analyzer (Keysight - FEEHEERSRANSTRES T HHETRERWS
EEVEE Technologies CX3324A) are serially connected to pseudo-DUT ... The pulse current is = - —— - - - — —— — -
7R simultaneously measured by the current measurement module and CX3324A. Fig ... mpact of Lineanty and write Moise of analog Resistive Memory Devicesin a Sandia Mational Laboratonies
Yo U9 fExE Meural Algorithm Accelerator ~
ERAERIHES 4 ReRAM B HERAN SRS THEESS A REHNER
ZHEH Evaluation of drain current decrease by AC gate bias stress in commercially Development of an Evalustion Platform and Performancs Expermentation of Mational Institute of advanced
available SiC MOSFETs Flex Power FRGA Davice .
FIRiES M Sometani, Y lwahashi, M Okamoto... - ... Devices and IC's ..., 2017 - ieeexplore.ieee.org Flex Power FRCARFEIIEAMIEETBHATE
ey Fig. 1. Schematic image of the novel measurement setup employing a device current =
BT waveform analyzer (Keysight CX3324A). Pulse generator Device current waveform Analysis of Lateral Thermal Cou F'. ng for GaM MMIC Technologies Chalmers University
! analyzer (Keysight CX3324%$) V D § G VDD Differential probe ... GaN MMICE fF B B S
Yo 09 fERNE
7 BIEEF] &
7 BE5IA Three channel high dynamic current measurement system for low power systems Energy/Relabity Trade-off of LoRa Communicatons over Fading Channsis Univ Rennes
S Heller, | Nematollahi, S Koeble... - Journal of Physics ..., 2018 - iopscience.iop.org _ RRG A ST
B oz, the energy demand. References [1] CX3324A/CX3324 Device Current Waveform -

uation of fast threshold voltage shift for Sic MOS devices under national Institute of Advanced
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