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) DPOJET Plots.

Tolaromlx DSA72008 Digiel Sl Aol

Mask its2: Eve Disgram

Overall Test Result: 4 Pass

| 1 Description Passfail  Mean Std Dev. Max Min »p
(Conus)]
(& VTXA, After DFE @Pass  158.A3mV  0.0000v 158.43mV  158.13mV  0.0000V
(@ VIXA_d,After DFE  (JPass  16246mV  0.0000V 16246mV  16246mV  0.0000V 1
2] PCle VTR DIffPP, A... (4 Pass 325.62my 69.257mv 478.65mv 192.98mv 285.68mY 153648
GPass 1040V 2020mV 13260V 78300mV  S4300mV 154592
68S0MV 00000V 68BGOMV  G8BSOMV 00000V 1
101700s  0.0000s 01700s  W0170ps 00000
00000V 00000V 0000V 0000V 00000V
000005 000005 000008 000008 000005
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Debugging Jitter

» |ssues manifested in different layers of the
protocol stack
— Crosstalk, jitter, reflections, skew
— Disparity, encoding or CRC errors

= Where do | start debugging?

= Jitter and Eye Diagram Tools

— Oscilloscope-based for quick results
— Fast jitter measurements with
— ‘One Button’ Jitter Wizard
— Compare timing, jitter, eye, amplitude
measurements
— User-definable clock recovery, filters, pass/fail
limits, and reference levels II———
— BERTScope-based for deeper analysis e war
— Use stressed pattern modification to determine oS I S IE T
jitter sensitivity
— Evaluation with BER results and/or Eye Diagram

Tektron



Jitter Decomposition

= Deep memory capture

— Long records needed for low frequency
events (SSC, periodic jitter, low speed clocks)

— Frequency window related to time capture
— 1 SSC cycle (33kHz) => Need 30us time record

* Eye Diagram Analysis
Quick visual indicator of voltage and timing
performance
— Related to Bit Error Rate (BER)

= Debugging Jitter
— Knowledge of jitter types and sources
aids in debug
— Common jitter sources
— Power supply coupling
— PLL (tracking or overshoot)

— Limited channel bandwidth and reflections (ISI)
— Driver imbalance (Rise/fall time asymmetry)

Tektron



DDR, DDR2 & DDR3 SDRAM Solutions

Fast & Accurate instrument solutions to get answers about your memory bugs

Digital Validation & Debug

TLA Logic Analyzers with
Nexus Technology and FuturePlus
memory support

Only solution available today to
capture and analyze all DDR3
speeds: including multiple DDR3-
1600 solutions, with state DDR
capture capability to 2800MT/s

Up to 20 ps timing resolution on all
channels, all the time

Selective clocking only stores useful
data

Complete system visibility with
digital/analog correlation

17 April 7, 2013
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Analog & Electrical Debug

DPO/DSA real time scopes &
software

Pinpoint triggering on DDR reads &
writes

Automatic detection of voltage levels
& data rates

Automated clock jitter
measurements based on JEDEC
specification

SDRAM eye diagram measurements
for read or write cycles

www.tektronix.com/memory

Signal Path
Characterization and
Circuit Board Verification

DSA Sampling Oscilloscopes

Over 70GHz of sampling
bandwidth & the lowest Jitter
floor

Emulate the channel effect on
jitter & noise using channels’
TDR/TDT or Touchstone® (S—
parameter) description

TDR impedance measurements &
S—parameter characterization
of the PCB traces

SDRAM Probing Solutions

Direct probing to DDR3-1600
Passive DIMM Slot Interposers
Instrumented DIMMs

Midbus probes

Oscilloscopes can either use
direct probing or probing via the
logic analyzer with logic analyzer
probes

Tektron



DDR Automated Test Setup

DDR Analysis
Step #1
Select DDR Generation Select DDR Rate
DDR Analysis
Step #2 G..........n.....,m... e G

@ [] pata Eye Wiath
[] woH.Diftbase)
[] OH-SE(ase)
[[] wasH
[]wast

Sources

Burst Detection

Choose measurements (Read / Write / CLK / Addr & Command)
KEITHLEY TeKktron
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Effective Reporting / Archiving

1R lekiranix

Jitter and Eye Diagram Analyais Tools : Measurement Repart

Ouitoban 10, 2003 101754 A
« Configuration

« Satup Configuration
Oscilloszopse Vergion S3680005
DPOJET Verslon 240 Builg 41
Stafus Pass

« Measuremant Configuration

73 Mo i-r:usnn.

+ PagaiF all information /
M ssmisiemt 10550 Fagen => From Lovt P, To Lives W, Gt e Tocheupin. CORSrmtiTochnesse | FAlars > P Spac Mo
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Walaw il | Lo im0 it F b

Max Sl ebpn |1 E¥IO Fam
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Ethernet Physical Layer Compliance Testing

= TDSET3 Ethernet Compliance Test Software

= Wide range of tests for
debugging & validating
Ethernet 10BASE-T,
100BASE-TX, & 1000BASE-T
physical layer N

= One-button automatic testing
= Accurate normalization & disturber removal that ensures reliable results

=  Automatic jitter measurements eliminate user intervention for fast &
reliable measurements

= Mask auto-fit and locate hits minimize testing time

= Automatic pass/fail notification & report generator

DPO7000 Series & DPO/DSA/MSO70000 Series

MSO/DPOS5000 Series supports 10BASE-T & 100BASE-T>
Tektron

A Tektronix Company



75 00 (e IR B ot 7 R—1 oy
DPO4ENET DA K A fid & RIS o7 K7

= 10Base-T, 100Base-TX# .4
= RO EMEIPVARIE £ ETCPHMY _

- EENIEaEEEE NSRRI
MAC i FIEE
IPHiHL- R L T T e
TCPH#t |

" AENEERY B R AR S R

NZAH
— JABLIRI 1T/ 2

vertical
00

MAC Address

Previu

oo FAEOr T Search For Trigger On " [ OO O T Y oo VR oo

Time Destination  Source Length Data FCS/CRC  Errors L0y 0 1! 3

(he (he: (hew) (hex it [ Start of Frame Start of Frame

80.TCP,0A06 3 ) b L B e e L R L v N A R A A T TR Il T

134.62.69.164 |
128.181.15.140 o
TCP:CBBE,1BD
5eq:D70B45F4
Ack:FABEIEA1
5,0,18,FD
TCP:9315,0
0000 00A4 FF53 4D42
3200 0000 0018 07C8
0000 0000 0000 0000 PREAMELT SFDO MAC 5 BI00:1 15FF;0
0000 0000 4000 DSO1 3 :
0008 4044 0F60 0000
0002 0028 0000 0000
0000 0000 0000 0060
0044 0000 0000 0001
0005 0063 0000 0000
0101 0000 0000 5C00
5300 6F00 6600 7400

selects an event

(@ 1.00v 0GS/s “ (1) TCP Header .
| P |

t ; Event Table . - : i : | ..
21 October 2010 Confidential Tektron




USB 3.0 Transmitter Measurement Overview

= Voltage and Timing
— Eye Height
— Pk to Pk Differential Voltage
- RJ
- DJ
- TJ
— Slew Rate

/ DPOJET Plots

= Low Frequency Periodic Signaling
(LFPS)

— Pk to Pk Differential Voltage

_ Rise / Fall Time D : O——
Test Point @ USBVTXDILPP | Math2
— AC Common Mode o T e
~ tBurst N N 52 g @ - B
— tRepeat ] o @y @p _. 50 5c.PR0F
— tPeriod -
= SSC
— Modulation Rate
— Deviation
BSKEITHLEY 55W-26800-0 Tektron
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DPOJET Jitter And Eye Diagram Analysis (opt. DJA)

Eye diagram, jitter, and timing analysis for real-time oscilloscopes

DDR Memory Bus Analysis (opt. DDRA)
DDR1, LP-DDR1, DDR2, DDR3 and GDDR3 read/write qualification, debug and compliance of JEDEC measurements

DisplayPort Compliance Test Solution (opt. DSPT)

Four lane simultaneous testing , detailed test report, and margin analysis

DVI Compliance Test Solution (opt. DVI)

Automated DVI testing based on objective pass/fail detection

Ethernet Compliance Test Solution (opt. ET3)
Full PHY layer support for Ethernet variants 10BASE-T, 100BASE-TX, and 1000BASE-T

MIPI® D-PHY and M-PHY Debug, Analysis, and Conformance Test Solution

Verify to the M-PHY specification by rapidly characterizing sources of jitter and signal integrity concerns

HDMI Compliance Test Solution (opt. HT3)
CTS1.2 and 1.3c Source, Cable or Sink solution

23 10/10 ©2010 Tektronix ~ CLAWWW 55W-25323-1 Tektron



7% 50 BRI R A T H
e PCIl Express Compliance Test Solution (opt. PCE)
L Rev 1.0/1.1/2.0/3.0 CEM and System test points including Dual Port method

SATA and SAS Analysis Solution (opt. SST)

Analysis and debug of SATA/SAS transmitters and receivers

Serial Data Link Analysis Solution (Opt. SLA)

Analysis of transmitter emphasis, channel de-embedding, FFE/DFE equalization

SignalVu Vector Signal Analysis Software (Opt. SVE)

Real-Time Vector Signal Analysis of wideband signals

TekExpress® SATA Automated Compliance Test Software
Automated testing for SATA Gen1 and SATA GenZ2 defined test suites

USB2.0 Compliance Test Solution (opt. USB)

USB compliance testing including automated probe deskew

Ultra Wideband Spectral Analysis Software (opt. UWB)
WiMedia PHY Test Spec 1.2 analysis

24 10/10 ©2010 Tektronix ~ CLAWWW 55W-25323-1 Tektron
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SignalVu™ 7% i 2 F B 15 # B 0. A

(1T SVM)
=  QPSK, BPSK,C4FM MSK, 2FSK-16FSK,CPM etc.
= 16, 64, 256QAM = §PSK, D8PSK, Pi/4DQPSK etc.

File Wiew Run Markers Setup Tools Window Help

“Displavs] [Markers J[Settings] Acq Anal o Freq: 1.000 GHz o RefLey: -0.01 dBm Replay || Run

o)

Marker: MR
Tirme: 85.25 Sym
i Mag: 0.709
Phase: -161.7 °
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|| l‘.” v ' . |
"" i lW i " l V‘""i L ’” i p Mﬁ' i e
N 2EEVMEY
= o Sz HHe ML = )
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X RMS:  2.125% Peak: 4.647 % @ 29,00 Sym RMS: 2,125 % PeakEYM: 4.647% @ 29.00Sym 15 =
- ) (O] X] " spect _[Bix]
/I\ H v 7 Trace 1 [¥]Show +Peak Normal Clear
0 1001 11 0111 0000 0011 1001 1101 0010 A | © -0.01dBm
8 0111 1 1110 1010 0010 0100 0011 0011 = dBjdiv:
16 1000 0101 NQ10 1101 1001 1010 0001 1101 Hoh
24 1110 0001 p § 1111 0000 o111 1011 1110 REW:
32 0010 1110 0110 0100 1000 0000 0100 0010 JIM—}Z &
40 0011 0000 1001 0 1010 1011 0000 1101 3
43 1110 1001 1011 100 0001 0100 0010 1011 []vew:
56 0100 1111 1101 1001 (1] 0101 1011 1111
64 0010 0110 1010 0110 01 0ooo 0011 0001

72 1001 0100 0110 1001 0111 111 0100 0101
80 1000 1110 1011 0010 1100 1111 0001 1111
88 0111 0100 0001 1010 1101 1011 1011 0000
96 0101 1010 1111 1010 1010 1000 0001 D100 s [

Marker: MR Symbol: - 0T
-100. m
Time:  85.25 Sym Value:
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AFG3000CH

Channels

Sine BW

Square/Pulse BW

Others BW

Pulse/Square Edge
Times

Arb Edge time

Sampling Rate

Amplitude (50 Q
load)

Arb Waveform
Memory

Display

Remote Interface
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AFG2021

20MHz

10MHz

200KHz

18ns

20ns

250MS/s

10 mVp-p -
10 Vp-p

4X128KS

3.5”

- RO

AFG3011C

10MHz

5 MHz

100 kHz

50 ns

80 ns

20mV,, to 20V,

250 MS/s

|
AFG302xC AF'C‘;':E;‘(’)‘;')(C AFG310xC  AFG325xC
1or2
25MHz 50 MHz 100MHz 240MHz
25 MHz
(old model 12.5 40 MHz 50 MHz 120 MHz
MHz)
500 kHz
i Tt | FEBHE 1 MHz 2.4 MHz
9ns
(old model 18 ns) s ik S T
14 ns
(old model 20 ns) UL SIE e
Up to 1 GS/s Up to 2 GS/s
Y 20mV_ 1010 50mV, to5
pP-p pP-p . Vp_p
4X128KS
5.6” TFT color LCD
GPIB, LAN, USB
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6V 2Q 0.2% 150 s
= 2600B & 41 A] LA~ A 1) /M5 5 0 m i B i
— . _ 40V 27Q 0.1% 400 s
%J—: * i 1 OOnV i 4OV 154 27 Q 0.1% 15 ms
- AN 100uS s - s o
10 A 2Q 0.5% 200 us
Pulse Level
Uoff ton 90%
Level
|_p I I | I Start ton Start toff
Bias Bias Bias Level 10% 10%
ton toff

= u-»-mu ) sl

i
S loos = u_-:(‘mu =

W

2 Mk X R %gmn
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L FRAGESES ot S uEF0
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I%ﬁ%?%%&ﬁﬂ@ﬁdﬁ@ﬁi ) - — >
A/D, D/A, DSP, FPGA

T
— NAND, NOR

= RACPURSAR
= MR
= JHTREZ

= HATRZ
— 12C, SPI, RS-232, CAN%:

e

EE: U ESARERE 7R, BTN RoR

BARE
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PRJ7 BT AR Gr st T Pk ik

= ERearan)
- 4RI IR ARGV R R A HOR
- AT RE TR th IR Ah iR RN E )

% 2% M 2R FE O
- AR A AR IE H 218 BR AR Hh AR P AT TAE
— TS N Ak A PR 2S Mk S ZR AN £ Sk R AT R 2R
- INREA B 16N B lIE, Rk in) @A 75 i R
- T b5 AR REAS T 2
- 60MHz A1 100MHz & o123 /2 4 Hif 75 2R

K Ar SRS (8]
- MNIFATEOREE [7) 4 ER AT BRI 75 3k 56 2 i i [A) Sk Y 15 1
- MR FRAT SR e B A E— i R R AEAE LI B R HA Y
- AT A — Mk 55 M ELSR K AT 22 1 4 SR A 2 1
— T B L I X8 B FEER O BERAD A M
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PRIy HL 7 R G i TR Pk ik

= ERIIHT
- € NIRRT sorE TRRIMEAT 1 i LRI &
- REMF AT II [8] 5¢ FR 5 H W R A
= ST/ PREFIS TR) I
- AL/ DRFFI R R AR 22, W R GERER L S A 2 R P
- ARAERA E AWML B A, R I A AR A 2
- RETAY B AL 05 1) 9 < I B A o3 i

= B
- BRI TR BT ) — L )
- BARIR M fid A R
- LAy B R {8 e 4k 21 B

= A AEDUT
— R AR BSRE AT /N P L 3 TR T A BRI 1] 7
- B E TR R AR BV RS T LR AT
- ERCAIRBRAN, BRI EGER, I et T I B
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I RS B
A IR L 5 U VA HIFEE T A
= — AR R+ 16E i E
= HRIRAT R A Shikok ARG
= Wave Inspector®i% JE S i Hie fit i = A AR ic D ge
= HI)IhEE TS AT DhEE

MS0O2000 Series MSO0O4000 Series
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MSOR) FEAT &2 28 fid 7 AN AL Ty e
WEAHIH TS L EM %

= FEE AT B A K
o R SHEH L

il S0k 7S A S N
— 7 I B LR B
A B
e — | o B RS
[D15-|—II?I?I‘I Resolution: 2.00ns ‘
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Ay 5 B ) et

TR A RO TR E A4
SRRELE I R I, KT
1 S 5] D) 5
Bl £ SR ] F00 B P B 1
MSO,/DPOZ SISt 1 43 B2
Sy R (R (K ThRg. e |
TR TIRINAE, AR |
NEREIFT RN HeAh, IS0
RUEEE, JETT LIS IR B
e e S ) O

= R RN ST TR RN OR4F R TR R -

- 1. ¥%Trigger Menufj A I%4H .

- 2. fEMmE R, $%Type, HEZ|
1% $ESetup & Hold.

- 3. EHZIigees, BT
i /)N g ST R SR s ]

- 4. ¥%Searchyi it &4 .

- 5. #%EFSearch on Setup & Hold,
N RS H 8L FCopy
Trigger Settings to Search.

= 6. yER ST RI bR H g A ) A AR
FenrEE AR, efIHAR=
IR H

Tektron



I%UM%%%$ﬁ% T = B[R] 20 A S

ESAM CLK | ‘

ﬁ“*"i'i‘?ihhiﬁ“?h L HHH\HHHHH\HHHHHHHH L] HHHHH DR H\HHHH
Vﬁ“rr. A A

g LU \__\_\____\___\f:é\ TUUTUUUUUUL
WHH!HH il HHHHHHH \
gigipinty JEREEERE

i FHEE =AE ERE *FF-TE.?E it

|100 (5. 00GyR /T H
00000 s 10k :J_-‘r
D_15 DO 1 1_1

*:1215

NEIRERE R s kst e Tektron



(TR 55 47 /5 2 R 55 A

w> - -
Address Ack ’Datao Ack0 | Datal | Ackl |DataN ’ AckN

7 or 10 bits ‘ 1 bit 1 bit 8 bits 1 bit 8 bits 1 bit 1 bit 8 bits 1 bit ‘

.-EEHDE

12C_DATA 1

12C_ CLK—Timnnnnmn

12C. SPI. CAN. LIN. RS232/422/485/UART
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I i SR AMARE AL IR AN ZUH AT A 26

AT

e, HEE N KBS PR R
&

%

BT R, ERE, &7 SR
READK A R M. B LA IE R 2
A AR REMEF &SN
AERAL IR ?

= MSO/DPOZ F%& Be 1 5 47 fisk & A0 43 Bt
ygen] CLIGE S SR A i b T2CHISP T 4%
AT M5, RIS AR5 .

= i RI2CHITES:
- 1. EBERATEIE AR E S
2. TEBLRETHMIZE, N E LN
[2CHRAT 28,
- 3. #%Trigger Menufi Rk #Z4H
4. EFBusfit K Type.
5. EBEEMARESFHM, WA
Address FHHEVES] .
- 6. VER BRI JE 1R T,
ﬁﬁﬁ}?ﬂ%@t?Tﬁ@ﬁ‘]ﬂﬂ“l‘ﬁﬂ%ﬂ“/ﬁﬁ@%ﬁ%%
CRIE
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= SRR AT

il

IR J5 TREIT A A 5 i nT DLEL AR A A% 2

M 200ms

%$% JIJ*“eFfJUKilij;

—
i

TR | Al

1110110 00000010 00100000
= MAddress 76+ -2 B E#2024120

1"2 40.00S 2.50MS/s & - |
J = 160.000us  5M points 1.80 V|

ST R E e
a/sﬁﬁf§m$£~ﬁ=
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R
5
757

o

au
y
g3
N~
=
+Fd
—
e

M 200ms

Zoom Factor: 5kX

AR

i P b

2 T T AU TESRll RN Sy Ntpe TR ppot B -
=% [h‘ Mgl IR L

[ AddrIRI: 76

1"2 40.0Ms

JE»>160.000Us

KEITEIEEY »
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"1I| J‘Wnlh.l Loarhy

tf-rl'.r' i

2.50M5/s
5M points

il

TS

it

—
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I A 7 R T W P
BRZ R 15 bt

= FANTERA
9 1 S ] i
Hl N 181 ¥

¥ CQUATE i T
Foi T A00R 2007 165 57-03750 o : %._‘%' ]\2?}(,

1]

WPMHWFMWrWWWMWW“M aepaneint i S
j ¥ ‘ 1 FJ F.l‘ p J U ;‘ ;W

> 1 'I'Hg Wl N

RN
| { ‘ = 185 iR E
L R i
= AT
FEAT A R
A R 1% 1)
Hi

i (TWE 18— L TWE 188 [TWD T8} —{Data: FE] (A [RT: 16 (Duta: 40, A LRI 14 el
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AT AR 3 A

o AR R AN () - B
fil 5 45 2L 1 2
BRI S

o -
FEBETHLEZIF:
RS232, RS422, RS485. UART. LIN, FlexRay

Time Identifier CRC Missing Ack
549 Al
S5F Remote Frame
11DEBEBB 57 BO 3E
3B1 FF
55F A256EF0017D2 88
1DE C4 66
768 9E IDOF AA
Error Frame
11DEBEEB 75
3B1 A1EF
768 Remote Frame
11DEBEEB 57
549 C8
55F EF70
76B 02EEF082
549 B4 CD
3B1 EO
SS5F EF00IDOFS6 A1
1DE 67 2F 36
76B EEFO82
549 4C

ikl

selects an event
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R B AT 2R b

= DPOMMUAL &2 ffhg =

— il R IR E N duziicd

— HWEAPRCEIE BN E

— ¥ EEvent Tableks R EIESR, SPI
HR P FHAF SR RS

— 1] DA[A] I 2 7 P 2% I 26

Time IdPntifier DLE Data CRC Missing Ack | Event Table
- BSFD BF1A 1D0C 28BS3C7E !

; _3159?EED1 & BBFD BF2A 1DOC 28R4863

( Remote Frame 1027

Gﬂtlﬂ FF W

O00FD 0004 1D0C  5FS4

Trigger On Trigger On

~-Stop

IJIJIJEIIJIJIJE 558 FAEHuan

LIN

Tektron
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AT
Includes packet level
triggering

EBAT AL AN S BT
Decoded bus/wfm view
Automated Search

Tabular data view with
time stamps

Sync data view with
zoom window

FAT 2 — BRI

i MSO/DP0O4000B MSO/DPO5000 DPO7000C
Series Series Series

PC, SPI DPO4EMBD SR-EMBD SR-EMBD
RS-232/422/485/UART DPO4COMP SR-COMP SR-COMP
USB 2.0 (LS, FS, HS) DPO4USB SR-USB SR-USB (LS, FS)
Ethernet (10/100BASE-T) DPO4ENET - -
CAN/LIN/FlexRay DPO4AUTOMAX SR-AUTO SR-AUTO
MIL-STD-1553 DPO4AERO SR-AERO SR-AERO
Audio (PS, LJ, RJ, TDM) DPO4AUDIO - -
I2C, SPI DPO4EMBD SR-EMBD SR-EMBD
RS232/422/485/UART DPO4COMP SR-COMP SR-COMP
USB 2.0 DPO4USB SR-USB SR-USB
Ethernet (10/100BASE-T) DPO4ENET - -
CAN/LIN/FlexRay DPO4AUTOMAX SR-AUTO SR-AUTO
MIL-STD-1553 DPO4AERO SR-AERO SR-AERO
Audio (PS, LJ, RJ, TDM) DPO4AUDIO - -
MIPI D-PHY - SR-DPHY SR-DPHY
8b/10b - SR-810B SR-810B
PCI Express - SR-PCIE SR-PCIE
USB 2.0 - USB USB
Ethernet (10/100/1000BASE-T) - ET3 ET3
MIPI - - D-PHY
DDR Memory - DDRA DDRA
MOST (MOST50 and MOST150) - MOST MOST
Jitter & Eye Diagram Analysis - DJA (DJE incl. std) DJA (DJE in

Choosing the Right Mid-Range Scope 5/2012

Copyright © Tektronix

All rights reserved.
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I Dy 0 & Je o AT AR 5

RN — IR RE R T ki TR

DPOPWR
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I SMPS HJR] ZE 44 [n] @il

= A EEtREGR T
— BRPR B PRI I I iR IR 3 A0 e A, KT g S 80T Al DR 4nFE
ot e A RR e
— £ TAEX (SOA)NIBITHF R e 1F
— FE R N 2 [ 2 M X S R s AT e e A A
— PRI AR RS E TAE
> L n] FE M A
> il
— ZEAEXIE(SOA)
— {4 ] HiPower Finder JJfE
— U i 3P v % T
— T
— P R b
> 57 AR
> ik v AR A,
> AR ARAL,
> & HAR AL
Tektron
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TN TR AR = 1

= HiPower Finder

|

|

EL (L (1L
ﬁ.iwﬂ*pﬂﬂ"n“'rﬁ*';,@,;'.n

,-n;-—p-au-';-fﬂ.d-#ﬂ,-u.:l.w#.ﬂ-p",-ug—

Maamasmem
Bnwer 1 wir e B P Frismed L T

i By ? el i) AT EIGHN

LT BT

Cyde L]

Hi-Power Finder: Peak Power Cycles
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4 TAEX

= I X3 HSOA = SOA, SCHEPEHRIMN

Renals bafend s oorvary
Vekage LW
Camvnn 52.93mA

Meas Wowrat , NN
siter o w0W

Cantant | 255 A @]

Valtige | 570m Vs (|

Define
Mask

Set Limits

itte [ 2T ik D

“ “2.50MS/5 ‘ ‘
100k points ] |

Application [ fi g
Power / npu |




I 22 1) AN 1% e 12

= SMPSH AL FE 0 F2 1 24 5 i
= AYF PFC SMPSHH5 il 34 1% 1 v

Duty Cycle variation In Gate Drive signal Tektron



I MRIFEN61000-3-25RHEREAT Fi 56— ECME N5

» DPOPWR 7 §F
— EN61000-3-2h1#E
— EN61000-3-2FrE 2 AM14

» 7F EN61000-3-2 AM14
-~ 7’77“ iRt B S H 1 DR

~ Eﬁamﬁ%?%ﬁﬁ%ﬂ FEL 2 R B PR %

— RSP E S

A

A B YR

Tektron



Currant Harmonics : Harmonics

Legqend:  Wlmd 7 Value Pazsed) WValuz Foied)

THD-F
THD-R
RMS

Mag
RMS
(A)

Harmenic Valae [ dBufl ) | 31.8 d8ud ) div]

5 30  i07  ailim 390

1 |
Hamenic Narber

Use the 'Display’ menu to select a harmonic
Total Power Quality

Tektron



I

l

REN=E

g
iy
(BY4Y

- REREE S
- A%

R "W"”‘f'W(\MHl
|| 'n‘..- “

| HM
h "FI' WHH P

- AR V”fWﬂWW"W i |

e amn e |
- THERE T'JH”'J“WVL“ fHil

- SEIEE 3 | -:.’_; LT 'J_ i  W';l
- RIS N = | il
- THD L i & FHE BAIE

230V 185 0.00 230 £6.1
1.45 1.50 1.43 1.82 101m
49,93 Hz 39.20 131.2m 50.14  20.58
60.9mA §57m  60.7m  4.11 1.55
2.00 2.90 1.87 6.90 1.79
13.5%  13.6 13.5 13.6 16.8m
14.0 {52 10,9 2.56m  14.3 5.86
3.53 oiif 3.51 3.40 4,42 147m
968m 968m  951m  970m  2.75m
14,67 14.5 14.1 18.0 572m

| @D o.uuv'|

|10 1[]EJZUH|
10:07:27
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I AR 72

!

>» DPOPWR ®]ULHBIFZAH P E
SRR 2

> S MR LA 307 W AR ,
> AIEIRERR, waaSNEE, I
-‘& E i "T;Ti. r.»n"“ Tm;jhnmﬂsu'

> RIK R~ k% | 4N A :
» LA | 5 —
AR B SRR | e I
‘Tru:au:‘m 66 62024 Irdhuictance ]'Tm[

% — L& ‘_-I% IW
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I 7% 50 DA M e Af R T 5

» DPO03000. 4000B. 5000. 70007 7% 2%

—  100MHz % LA 5

—  2.5GSa/sUL R FEE R

— fE—gREE LRt TR T SMBRIE KR
> ZEoRk

—  P5205A, P5210A, P5200A 4345k

— THDP0100. THDP0200
> VRN &

—  TCP0030,TCP0150

—  TCPA300 & 48 TCP202 H iRk

> R T ER N

—  DPOPWR Iy #5043 M N B A
> B (w4 1k e A

— VH R AR SN B R AR Sk 2 8] AR R AE IR
> ZIEEHE GRE) dx

— 2700 &%

FEVELIS QVYE V]



I 2SI E——PA4000 R 51 Dy 243 HriX

= Veus, Arus, W, VA, VAr, CF, 53R, A7 £
= e 100t (BRED)

o FEHROR

= IR

= BOE, BESIRAMGEEA I

N CEITHLEY Tektronix Confidential Tektron
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PA4000 17& (X

i A I & ——FRATT A bR (I 35

510 K R B A 5

m s 0.0000 0.0000
R T

0.0000 Arms

= FEHERII =R R 0.04% H&
FEL AL 1A 32 AR
= LR R R e IR T g

= AR PRS0 B kG B
Eéﬂ:%

50 K 1) T e

= EE/JZPTJ3OA/1A XU shunt HRrAC

= PWMEExj‘L %Ei\ﬁi%&, TJ‘)-LIjJ
FESE 2 PPN S A5 2

= AT REFRIG, A TR
&

Tektronix

= USB, LAN, FIRS-232 ﬁ@a
(GPIB) i

= mRESE A AR

- %K&w HB RIS, D)

67
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PA4000 IhZER X
At — e Fi8 A 15 BH

PA4000_1CH PA4000_2CH PA4000_3CH PA4000_4CH

I
|
'
-

i N 2 3 4
H, S ) A A\ 9 B K1000 Vrms, 2000 Vpeak
0.04%
0.025 A to 30 Arms with 2 1y 411 5
0.04%
Al & 1 H Vrms, Irms, VA, VAR, W, PF, Freq, Whr, Vahr, THD, TIF, etc.
VeSS DC - 1 MHz
H 2h il AR PWM #i5X, $Hiias, FrblII#E, REEA )
SRRz USB, LAN, RS-232 (GPIB Optional)
Bt SEPLTEFE P BRI S (PR
FHRE S
RAE S A 55 Jb3

()]
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o K ) kS T Th 0 i A —PA4000

PAHIG P Al pass )|
(i S G KA
= BB BEL
o B el
=
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PRI B T oo

= b EEER
— PR HEK(C) EFCPU
— SRS HE B 0T IR
- ﬁ%@ﬁjawwwa%ﬁﬁ%ﬁwﬁaﬁﬁ@ﬁﬁ#ﬁ
jzs
—  MSOW AT LA F F 281l 55
—  ltn: PC BIOSHE {46 56 i it

LRl
— A BTSN
—  MSOIE XA 2% |
- RAGBSXRE, FIHEAR
- AR s AR
= FPGAs
— W gRIET TR
- EERRIEER”, TEAIRAXNRSA
—  BRATEE R T A

= R DR

KEITHLEY Tektron

A Tektronix Company



f e AL L IEMOSFET H i
I

Tel
. i Cont
pooo | —
Oscilloscope /J Delay Leading SO.00ns
b LU e afing  50.00ns
Arbitrary/Function Generator G Traiing - aLtns
pscale Ll Offset [

Width 1.0000 ps

= &

RS B L JEMOSFET HI B, IR SEHLAE IR % b Tt a0 R ]
«  f#FAFG3011CH LT kb

— 20V, B HT, ARSI .

_ WES A, G,

— BN, TR 7R,

= Hix
— NIRZERITEEES], DA, e, Bt RGBS SR B IK
AL A A
Tektron
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T A PR AN R 7 H

e A U

e SRBE (U AR ) & TP R A . R B R L
SIS E . W) KAL) S R L R R
B e = a ol N LSRR T 0 TR S| Pt T N TAVE R S
AR AR S AL N T o 5 I A B YR 2 T B BT (
SMU) &SRR I ERARE £, RN EN B G IR
TERE ST, R FIEAII &R ). HA 3L B
BRI 2 5 75 B DA B YR = e (SMUD .« Aid
, 2JBIEYFIE T (SMU) A LUK B — 37280 N d A
(FET)iEAT KEB R 8. P14 HEMOSFET IV
e A S AN R E T (SMUD

||||| Sruz ] | i
Gate J_
———] | = @&
=hu [HI Source _T_
] —=
|_E"‘\_?| ' —l_
[ ey T
e

1. AEMOSFET INFFHEZ 7 (/1] 1192138 I/ oz (SMUD

KEITEIEEY

A Tektronix Company

an AR T VAR 23 AT o L K

IR HLR (VD)-1E 3 808 df A I Al o 1 HE LT L, R
PRI HLE .

AR L R(ID)-E R IEAE R T, AIRARIAL H B IR RR A
TR IR o I8 YR AR A T AT BT BB AT R AR
HoAh WA L FE:

MR L (VG) - LR (IG) - s 5 L R (VTH)

Drain Current vs. Drain Voltage

20.0E-3

18.0E-3 -
16.0E-3 -
14.0E-3 -
12.0E-3 -
10.0E-3 -
8.0E-3 -
6.0E-3 -
4.0E-3 -
2.0E-3 A
000.0E+0

Drain Current (A)

0 1 2 3 4 5
Drain Voltage (V)

&2: MOSFET/WV 26

Tektron




A S EUr AT A-370/37 1 K s (£ & A

2B  RGECE L RS PERFE AT e BT 58, SRRy . LR, M BN
FEPLTAICE, BRI E AR A PO B AR IR AR A (B 57 f R D B SEEA BRESASE AN 32 HURS
PSRN 22 H . U 2R ER I B B PUE B 5 T I % ml R E L A
LA AN R 7 3K

A REE DR R
«  M200V F|3kV
. MIA F100A
i L BN S VL
¢ MuV F3kV

T

N NTIE=R——
EE%" EEEUHUEE:—EE Collector/ Drain Supply? Step
«  FT400VZHIC-V Generator
. [ High Voltage  High Current Base/Gate Auxiliar
¢ 200V§‘4’ iﬁﬁ%C—V Model! gMode ; gl\.llode Supply Sup|:|lyy
o 20VARAEA (VLF) C-V Low Power  2600-PCT-1 200 V/10 A 200 V/10 A 200 /10 A N/A
EH UK -V E50us 2600-PCT-2 | 200V/10A 40V/50 A 200V/10A 200 VIDA
r=n SF A R A SR B S =AY 1= S High € -PCT-
i EEE@ = EEOZE@@’ ;ﬁ24bltj§ Gl e 165 Crrent 42?3 Pccf,z 200V/1A 40V/50 A 200VIA  200V/1A
F18bitF i (1ps) FF#eH sy plus &
AR A B A A ) T S ) 4 o1 g R s = o I 2600-!’(?1:-3 3 kV/120 mA 200 V/10 A 200V/10A 200 VI0A
T L) 2 i = = 4;23:’51;3 3 kV/120 mA 200 V/1 A 200V1A  200V/1A
High Current  2600-PCT-4 [ 3kV/120mA 40 V50 A 200V/10A 200 V/10A
d -PCT-
Higha\l;oltage 42;}:: ((;: :;4 3 kV/120 mA 40 V50 A 200 V/1 A

L _________________________________________________________|
I(E I I I LEY 1. Contact your Keithley field applications engineer for custom configurations.
2. Add a 2651A o increase High Current Mode to either 50A or 100A.
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FPGA iRk

TR R 2t v R 1 A
BTG 56 il Ny R B S

—  WUFEURE RS AR A

- EANIESZIR

77 i T S R A1) i e 1 VR KA ]

— PRI R) AT e 2 5 B et A TR 50 % PA
] LI A A 51 B2 AN 1Y

FEFPGAFR 5 I 134 FEL % 2 52 R
- AHESHES A=

— S LA A Ta]

—  AIRE RN BT E I 1 RE

— N = FDER R B 5] R

— A BEARAEIR I AR B2 ME T
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FPGASK I 3 YA R T %%

= FPGAView™
—  SHEXilinxAIAltera FPGABE %

FPGAView
L7ge

PC Board

N Ji
—  First Silicon Solutions T {1 {1 rreA ETE
( ) | N2
—  fEWindows 2000f1Windows XP#l - == =

s Fis4T ,

T ""WT
JTAGHLZ:
BVt R TT R
Xilinx: FS2 TestCore
FPGAView L Altera:  Quartus® Il v5.1
L7XGS
! Eiatinlky ¢ FS2 FPGAView™

MR K MSO40007E 515 5 R 2R B TLA R 5112 45 43 #r X

(>v4.3)
JTAG Xilinx:  Platform Cable USB &} &
R0 Altera:  USB-Blaster™;ByteBlaster™

JTAGH 25
" Tektron
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AR
H5RE
FPGAView

B2

B JTAG pable i conestied b tha wadhes

J1AL st

fistarsuyor o 7]
acdoa

Dbl

JEFPGAS] Ji B 5t
BB 4B Hr A Ek
MSO

BATIE
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U CHCCEOCTRCGNAT ™ R0 T N D10 VUCC T CCEES
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- £ 4
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PN
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r« ' ‘ ™ FPORRPTT™ CO I I
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PR T7 LT 7 b H) 2 AR R

= PERE
— IS 100MHz-1GHz 5 %
— FrAIEE FRAER 2 XA R
— FrH#IE L 5~20MAI PRI iC %K
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e INTRODUCING THE NEW

MDO4000 SERIES

The World’s First ... AND ONLY
... oscilloscope with a built-in

spectrum analyser!

o ]
8 - = £ . 'h] 1
e 88888 SR '
Features DPO7000C MSO/DPO5000 NEW MDO4000 MSO/DP0O4000B MSO/DPO3000 MSO/DP0O2000B
Series Series Series Series Series Series
Bandwidth 500 MHz to 3.5 GHz 350 MHz to 2 GHz 100 MHz to 1 GHz 100 MHz to 1 GHz 100 MHz to 500 MHz 70 MHz to 200 MHz
Sample Rate 5 GS/s to 40 GS/s 5 GS/s to 10 GS/s 2.5 GS/s to 5 GS/s 2.5 GS/s to 5 GS/s 2.5 GS/s 1 GS/s
Channels 4 analog 4 analog 4 analog, 16 digital, 1 2, 4 analog, 16 digital 2, 4 analog, 16 digital 2, 4 analog, 16 digital
16 digital (MSO) RF (MSO) (MSO) (MSO)
Record Length (Max) 50 M - 500 M 12.5M - 250 M 20 M 20 M(5M) 5M 1™

Display Size

12.1 inch, XGA color

10.4 inch, XGA color

10.4 inch, XGA color

10.4 inch, XGA color

9.0 inch, WVGA color

7.0 inch, WQVGA
color

Parallel Bus Analysis

No

Yes (MSO Series)

Yes

Yes (MSO Series)

Yes (MSO Series)

Yes (MSO Series)

Optional Serial Bus
Analysis

I2C, SPI, CAN, LIN
RS-232/422/485/UART,
USB 2.0

12C, SPI, CAN, LIN,
RS-232/422/485/UART,
and USB 2.0,

I2C, SPI, USB, Ethernet,
CAN, LIN, FlexRay, RS-
232/422/485/ UART,
MIL-STD-
1553,12S/LJ/RJ/TDM

12C, SPI, USB,
Ethernet, CAN, LIN,
FlexRay, RS-
232/422/485/ UART,
MIL-STD-
1553,12S/LJ/RJ/TDM

I2C, SPI, CAN, LIN
RS-
232/422/485/UART,
I2S/LJ/RJ/TDM
FlexRay

1553

I2C, SPI, CAN, LIN
RS-
232/422/485/UART

Optional Analysis
Packages

MIPI® D-PHY DSI-1 and
CSlI-2, Ethernet, and
USB 2.0 Compliance
Testing, Jitter, Timing,
Eye Diagrams, Power,
DDR Memory Bus
Analysis, Wideband RF

Ethernet and USB 2.0
Compliance Testing,
Jitter, Timing, Eye
Diagrams, Power, DDR
Memory Bus Analysis,
and Wideband RF

Advanced RF
Triggering, Power
Analysis, Limit/Mask
Testing, HDTV and
Custom Video

Power Analysis,
HDTV and Custom
Video

BW Updates

Power Analysis, HDTV
and Custom Video

FilterVu™ Variable
Low-pass Filter
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100 MHz 300 MHz 500 MHz
AETA I LIRS T 2.5 GS/SHIRAER
(E PG L RN R4 T5 M~ R

YA BN S 50,000 wfm/s

AT i 2 R ARE &L 12C, SPI, CAN, LIN, RS232/422/485/UART

PIA S HF EHTF RPN E TS I B F

=5 9f%(4.08A JT)

SR 9#i~f (229 mm) WVGATE i
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I DPO4000B&MSO4000BH; A ¥R

\UNjeJinjJe”am DPO4034 DPO40 DPO41 MS0O403 MSO40 MS0O40 MSO41

014B B 54B 04B 2B 34B 54B 04B
500 300 500
100 MHz 300MHZ‘ e ‘ 1GHz ‘3OOMHZ‘ i ‘ e ‘ 1GHz
4 4 | 4 | 4 | 2416 | 4+16 | 4+16 | 4+16
KFEZ 2.5GS/s TERTA EE bR $2E4E 75 GS/sHIRFER
oK R TEFTA EE R B AL 7 20M & il kKB
W OR R 100,000 wfm/s
%”Wﬁ i YEMC: 12C, SPI, CAN, LIN, RS232/422/485/UART
AR FF boiE s B E I

Ak 450 4108 8t S
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. ZRARBEIAH
HE BB EE B HFEE RF RF
EE Y EH
MDO4014-3 4 100 MHz 16 1 50 kHz — 3 GHz
MDO4034-3 4 350 MHz 16 1 50 kHz — 3 GHz
MDO4054-3 4 500 MHz 16 1 50 kHz — 3 GHz
MDO4054-6 4 500 MHz 16 1 50 kHz — 6 GHz
MDO4104-3 4 1 GHz 16 1 50 kHz — 3 GHz
MDO4104-6 4 1 GHz 16 1 50 kHz — 6 GHz
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PSM3000/PSM4000/PSM5000 Ty & i}

Helcn rnl:llx
PSM 3510 I
LJSB Power Meter
Trll Average

Tekiromix
PSM4120
USB Power Meterd
Avp/Peak/Pulse

460 el 1 8 Gl
apaers s

Tekiromix
PSM 5410 [
[USB Power Meter

Avg/Peak/Pulse+Profiling

D

PSM3000 Series PSM4000 Series PSM5000 Series
Models 5 4 4
Frequency range 10MHz - 26. 5GHz 10MHz - 20GHz 50MHz - 20GHz
Dynamic range —55dBM to +20dBm —60dBm to +20dBM —60dBm to +20dBm
Measurement speed 2000 readings/sec
No zero or cal required v
seasereonts. v v v
Pulse measurements v v
Pulse profiling v
Warranty 3 years

Tektron
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D (a28eseese - S0) (siessssese |Co
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DMM4020 2110 DMM4050/4040 2000/2100 2001/2010 2002
S 5.5(i 5.5(i 6.5 6.5 7.5 8.5
HARRER . . 4050: 0.0024% 2100: 0.0038% . .
mEik  0019% Ll 4040: 0.0035% 2000: 0.0020% 0:0018% 0:0006%
P o o VLR . HLE, BV R
S, B, AORHE. B, B RHE. i, E%ﬁa@é”‘“gg‘ ggﬁ’ %@; V. UL, B, R, . s B
ST A EMHEE. YR, MmEE. B, HEPH, K. Oy, HRE, sk, ‘—W'”ﬂ;, }/Hﬁz’ }%ﬁﬂ, TC/RTD Vi HL R . EEVA, HABH,
WRONRE i, e, - om, gk, e ok mm ol IO B ooromn, wka, mok, A,
W, AR H%s. TC/RTD 4050:RTD, HH 2500_RTD AR TC/RTD 204 Hi
' 2001: ZRUEH R
MR P PR Bk 3% P PR Bk 3% @A, g, E5H oG oG 7
PRy B ¥ o ¥ 2000: 10ch 10CH 10CH
B[ RS232 USB. GPIB RS232/USB/GPIB o e RS232/GPIB GPIB
KEITHEEY
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e ik S EicE ez 5 SN BAWR &

EnZ A% 2- or 4-wire,2 Current
7700 wcic 20 Felkht 300vVDC 1A Channels, 3A Max
50-pin D-sub Com_mon _Side Ohms
7701 REZEHZ RIS 32 25-5in D- 150VDC 1A configuration
pin D-sub !
2- or 4-wire
7702 E4ZHEE 40 B 300VDC 1A 2R N
- Channels, 3A Max
7703 mEEESZ I A 32 Dual 50-pin D-sub 300VDC 0.5A Reed Relays,2- or 4-wire
7705 L 40 Dual 50-pin D-sub 300vVDC 2A SPST Switches
20 Analog In
16 Digital Out Automatic CJC
7706  1/O fHibk 2 Analog Out PRkt 300VDC 1A +/- 12V Anal. Out
1 Max Count = 4billion+
Counter/Totalizer
Z I E % - 7 110 1 10 Analog In 50-pin D-sub 300VDC (analo 1A (analo ,
Ty, 32 DigitaIgI/O 25-gin D-sub 33VDC ((digitag) 0.1,0(\ (digitgl)) ceiliglusiine i
7708  E4rZIEE HARCIC 40 PRt 300VDC 1A Automatic CJC,2- or 4-wire
7709 6x8 il 48 Crosspoints gg:g;g g::ﬁg 300VDC 0.5A 2)5(;)‘::3%2”'“’ o cacy
0 KEMEHLHE R 20 Btk 60VDC 0.1A f‘gt&mng S;gr; ti';')f;‘ S
- Max power = 10W/channel
7711 2Ghz, 50 Ohm RF f&Ht Dual 1x4 SMA 60VDC 0.5A <300ps Rise Time
Max power = 10W per
7712 3.5Ghz,50 Ohm RF &k Dual 1x4 SMA 42\VVDC 0.5A channel
<200ps Rise Time

A Tektronix Company
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Series PWS4000 and Series 2200 Model 2220-30-1 Model 2230-30-1 2260A
Dual-Channel Triple-Channel

2260A-30-36
PWS4721 PWS602 PWS4323 PWS4305 PWS4205 2260A-30-72
1] =2 o - o -
BS 2200-72-1 2200-60-2 2200-32-3 2200-30-5 2200-20-5 22 U 22U SN 2260A-80-13.5
2260A-80-27
iHE 1 2 3 1
Ch 1:30V, Ch Ch1: 30V, Ch 2: 30V,
YA 2V 60V 32V 30V 20V 2:30V Ch 3: 6V 30/80
Ch1:1.5A, Ch 2: Ch1:1.5A, Ch 2: 1.5A,
2253 1.2A 2.5A 3A 5A 5A 15A Ch 3: 5A 26/72/13.5/27
45W/channel; Ch 1 and CH 2: 45W
I W 150W W 150W 100W ’ W/720W
oh 3 86 50 96 50 00 90W total Ch 3: 30W, 120W total 360W/720
@‘U}; <1mVgus <1mVgus <1mVgus <1mVgus <1mVgus <AMVgys, <3MV pp <1mVgys, <3mV
R 7= <3mVpp <5mVpp <4mVp p <4mVp p <3mVpp P-P
g;ﬁ 1mV, 0.1mA 1mV, 1mA TmV, 1TmA
?;:% 0.03% 0.03% 0.03%
T 0.05% 0.1 0.1
BE
B0 USB (Series PWS4000) USB, GPIB ( Series 2200) USB us

KEIMKHEEY Tektron
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2600B R 51| £ IR R IF I = H.I0(SMU)ALE: ) EE M RETa bR

2634B /2635B / 2636B
Low Current
Single Channel (2635B)
Dual Channel (2634B, 2636B)

2604B/2614B
Dual Channel Bench-
Top

2601B/2611B 2602B/2612B

Single Channel Dual Channel

¢ (eptslomEnstn i 2 (optional 1 — 2 (optional expansion to 32
5 A2 via TSP.Link)  ©xpansion to 64 via 2 or 64 via TSP-Link. Not available
TSP-Link) for 2634B)
10A pulse / 0.1fA for 2635B,
E Y Max / Min 10A pulse / 100fA 10A pulse / 100fA 10A pulse / 100 fA 2636B
10A pulse/ 1fA for 2634B
40V / 100nV for
40V / 100nV for 2604B
. 40V /100nV for 2601B 2602B
BIE Max /Min - 00 100nV for 26118 200V / 1000V for 200\/2/ 61&08”\/ 2] AN
2612B
oIS 30 — 40W 30 - 40Wper 30 — 40W per channel 30W per channel
channel
BRANEH ] sec 20,000 20,000 20,000 20,000
PIB, LAN (LXI B PIB, LAN (LXI
. GPIB, L), e GPIB, (LX), GPIB, LAN (LXI), USB GPIB, LAN (LXI), USB 2.0,
A 2.0, RIS 200 2.0, RS-232 RS-232
RS-232 RS-232 s i
Screw terminal; Screw terminal; Screw terminal;
BT B adaptors available for  adaptors available for adaptors available for Triax
banana or triax banana or triax banana or triax
S Digital /O, TSP-Link, Digital /0O, TSP-Link, Digital /0, TSP-Link, Conta

Not availabl
Contact Check Contact Check ot available Check (not available on 2634

P vl S LW v v
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MDO4000
MSO/DP0O5000/4000B
MSO/DP0O3000/2000B
TDS3000C. TDS2000C
TDS1000C-SC
TPS2000B. THS3000

AFG3000C
AFG2000

DMM4050
DMM4040
DMM4020

FCA3100. FCA3000
MCA3000

PWS4000
PWS2000

PSM3000/4000/5000
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