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Improved Delta Mode |S_EASY to USE!
EﬁZ#E’JDeIta*;ﬂE%*% & H!

6220 or 6221 & 2182A

KEITHLEY

DELTA ARMED

Press TRIG to start.

6221 DC AND AC CURRENT SOURCE

@@ I

e First Press DELTA to arm
e Then Press TRIG to execute
220 or 6221& 2182A also can be used with free softwaref]‘ektmmx®
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I The BEST Low Resistance Solution EVER!

=3an: N FRHER RN Y

6220 or 6221/ 2182A Delta Mode

622X controls the 2182A. The pair act as a single instrument
for trouble-free programming and operation.

KEITHLEY

Tektron/ix@



Tel/tronix
= PFHHI Ry K7 Low |

& B

.....



3 PHE KRR A &N

LN H &
P
AR 5

Zﬁi%é; L R
VTR FBL LR
2% MR L SRR He B AR H] FALPH AR 2L
23 VAT FoL LR

SEEE L I gnEk A I 4 cZike SEN U
2 e T A
ARV POR

£ 7N 5&@

R

S S A b i e
g

KEITHLEY

Tektron/iX®



I Electrometer Overview
FREE TS

Electrometers measure volts, ohms and amps - -
jUSt like a DMM (plus charge)

* Low-current measurement{EEE;7EM
» High-input impedance on voltsi&# B 1R E N
» High-resistance measurementsiE;NL;

NOTE: An electrometer is not a good choice
for low-voltage measurements.
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Model 2450 versus 2400

=4 +1.55896 kQ
4+1.5

+1.00000 mA
| L e ]

siioor

el KEITHLEY Tektron/ix@

A Tektronix Company



I&ﬂﬁiﬁﬁ*ﬁ)ﬁﬂgﬁﬁﬁﬂiﬁﬂﬂiz bR R i

a) Unguarded Circuit

Force/Output HI

U

Im Guard
. I
[0

T Force/Output LO

lDUT

\J

SMU R, = Coax Cable Leakage Resistance
I, = Leakage Current

Rput = Resistance of Device Under Test

Im=lpyr + 1,
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b) Guarded Circuit

IDUT
Force/Output HI N

| 3 OV 1
M ) Guard
§ Rpur

T Force/Output LO N

\J

SMU R.; = Triax Cable Inside Shield Leakage Resistance
R., = Leakage Resistance Between Shields

Rpyrt = Resistance of Device Under Test

In = Ipur

SEMRER: GuardiEAIIAERF
IPERENV oy, ElLLAV = 0V
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I 5-inch Touchscreen Graphical Interface
- Multi-point Gestural Operation

defbuffer1

Measurement Row =) +1 55909 kQ

Source row offers swipe
capability for multiple
screens

=2+1.00000 mA :

Local defbuffer1 Script: None CONT +3* &t W Local  defbuffer! MmmE  Scrip:None @~ CONT % 4 § GPIB T defbuffert

.....
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lcon-based Menu System
Fewer configuration steps — faster speed to answer

= Everything you need to quickly configure the Model 2450
from one main menu screen
Source Measure  Views Trigger Scripts System

@ ..[: Ao ﬂ

QuickSet Templates Event Log

T = [
iih

Configurable Manage Communication

Create Config Settings

1y

Information
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Graphing and Data Display
Convert raw data to information

Scale

= Graph Plot S

2pA_

— X-axis: Source, Time, or 1.8pA_
Points HouA

1.4pA_

versus 12pA—

. 1A —

— Y-axis: Measure or Source 800nA_
600nA —

400nA—

200nA— | | | | | | | | | |
1.95V 2V 2,05V 21V 245V 22V 225V 2.3V 235V 24V 245V
X: defbuffer1: Source XMin: 2.0V XScale: 50mV/DI1V

Y: defbuffer1: Measure LIN YMin: 200.0nA YScale: 200nA/DIV

DATA SHEET
NGl defbuffer1 [P SR A Jump to [l Refresh |

— SW|pe through tab|e Time Source Measure

= Display Data Sheet

12/11 14:34 +1.999956 V +0.30032 pA
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— Use Navigation knob to
scroll through data

— Click on a data point to get
full details
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v: +028.0006 V
I: +01.76558 A
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v: +028.0006 V
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DC power analysis using a
DMM7510 Graphical Sampling
Multimeter and 2280S High
Performance Power Supply.
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Analyzing Smart Watch Overall Power

Graph Trigger
+72.28mA —
+63.24mA —
+54.21mA
+45.17mA
+36.14mA
+27.10mA
+18.07mA
+09.03mA
+00.00mA
09.03mA -

| | | |
114.8ms  121.8ms  128.8ms 135.9ms 142.9ms 149.9ms 157.0ms 164

Graph Scale Trigger

+67.23mA —
+66.21mA —
+65.19mA —
+64.17mA —

+63.15mA —

143.28752ms A2ms  .32ms  .22ms .. 12ms  ..02ms .92ms ..82ms
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IDLE ==

Graph

+73.54mA —
+61.28mA — - - -
+49.02mA
+36.77m".
+24.51mA
+12.25mA
+00.00mA
-12.25mA
-24.51mA

136.8ms 138.2ms

g_}qo

|
..72ms

Consumption

Scale

[ [ [ [ [ [ [
139.7ms 141.1ms 142.5ms 143.9ms 145.4ms 146.8ms 148.2ms

Graph Data Scale Trigger

+73.54mA —

+61.28mA —

+36.77mA —

+24.51TmA —

+12.25mA _ — i
|
143.12651ms
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M FA%E9I : FH 75108 2280s 2 £ Ak FB R AR Th 3%
Using MSP430FR4133 Ultra-Low Power Microcontroller

= SR

Graph Scale Trigger IDLE == Graph Data Scale Trigger IDLE == Data Scale Trigger IDLE ==

+240.0mA — +240.0mA —
A

+16.0mA —
+086.0mA — g #0820ma
+064.0mA A +068.0mA
+042.0mA g +044.0mA

+020.0mA | | +020.0mA +020.0mA | ! | ! | | |
T04.7ms s 709.1ms 1] 13 13 s s 9. 1] 13 1.494s 14955 1.496s 1.497s 1.4985s 1.499s 15005 1.501s 1.503s 1.504s

Graph Trigger IDLE == Fi_’l

+333.4mA —

+296.9mA —
+260.4mA —
+223.9mA —
+187.4mA —
+150.9mA —
+114.4mA — §
+077.9mA —
+041.4mA —
+004.9mA —

-031.5mA L | | | | | | [ | [
1.6473792s  ..4111s ..4430s ..4748s ..5067s ..5386s ..5705s ..6023s ..6342s ..6661s

)

Detailed Power Consumption
Profile using DMM7510

KEITHLEY TI MSP430FR4133 is a product of Texas Instruments Tektronix:
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