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THE DIFFERENCES BETWEEN SIGMNAL
INTEGRITY AND POWER INTEGRITY

SToee

HIX 5

Became mainstream ~20 years ago -5 years ago
Analysis based on Transmission lings Transmission phanes
Typical mpedance fargets -500) ~-mf}

Signal quality dc drop
Subsets of analysis Timing Dacoupling

Crosstalk Moise
Models needed IBIS, Spica Copacitors with parosifics
Trace width Amount of metal fo carry currend

PCB design changes driven Troce length Number, value, mounting of caps

Trace spacing Power/fground plane pairs, sfackup
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IC: packaged die ADP5052

E 5
| g f—
INT VREG
,L __woox IR OSCILLATOR RT
Voltage T =
Regulation
CCCCCCCC 1
Module | T° comes| |euckresuLaTor
= {1.2R/2. 54144
CHAMMEL 2
BUCK REGULATOR
(1.2A/2. 5A/44)
CHANMNEL 3 Y
BUCK REGULATOR I /_I_‘:,‘0
{1.2A) FB3 I
PGND3 § =
=2
BST4
c L4
CHANNEL 4 swa [° .- VOuUT4
BUCK REGULATOR I /Lc-w
(1.28) FB4 w—"T
IPGNN =
= VOUTS
CHAMMEL & IVOU" —
200mA LDO I /L o185
REGULATOR FBS . T
A L A LA A N N T T =
1 F) H 4 13 L] 7 8 1 1 0 ;

bma, nsec [ 1me, nsec ime, nest

Reference :
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* E \Il s*g l
. PARD (Periodic and Random l

DisturbancesEISBFIBEHIETFH)— N/ N NN
IRE=, 80K FIFRBES |

* %lU\ﬂ]EjJ TARN J\E,Zl][ﬁ] E\Z B
. _ﬁz "E_,,}?(power rail) [ jiz .

* I)'J\ H9 ZFIL’\$D T Abrupt Load Change
*&Iﬁu'-lﬁ IEJ,_‘__F EIJ }_l_ I:Iﬁl:l H iEbLF%'r@:LEﬁlIE . ot
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While the PCB capacitors are not needed for proper operation of the transceivers,
however, proper filtering can be required on the PCB to achieve the input voltage
ripple noise specification of 10 mV peak-to-peak (10 kHz to 80 MHz) when measured
at the BGA ball of the package.

00 kpts | oo~~~ Ao~~~ ~~~][2.50 GHz

M1.00us A Chl J S89mV

16 Jul 2014
f+¥ 700.000ns 06:35:15
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F{HEE /)2 ( PDN )

([
4

R (MPU, FPGA,

DC-DC 253552 DC-DCZ53a%e

(Brick Z#.22) (POL/VRM) . iggiim : DSP. DRAM %)
7%— ]
' Vdd
ESH LA N ] ! Eee i I
: R R
ESL : FULES
RBIRS | R
- —p
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PDN P23 BRI T8GRI = B RN

255 HEBEBEALV , RIFHNSCKRIEEEEBE IR /S
5% , BB EEA5A | LJPDNE’JBﬂng*ﬁ

7 1OV X0 hm0

TARGET 5 g"‘\.

® Frequency characteristics (ESR, Impedance)

100 | =
Capacitance 47000pF 5% I
0 |
Rated voltage 50Vde .

E
b

=

Temperature characteristics (complied standard) UJ(J1s) J= =
e |
Temperature coefficient -750=120ppm/C
Temperature range of temperature characteristics 20to 85°C
— 0.00 10 100 1000

Operating temperature range 25t085C Frequencii]

m R

e
=OEl
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SURICILT

Power supply inductance
relative to Bulk Capacitor
mounting position

r— ﬂ LPewe.r
CAl
AV Maximum allowable npple voltage l
Al Current Fluctuaton (rated cument
when unknown) .
Y =
Power supply

|

Establishing maximum frequency f for 1C
power supply terminal
100MHz when unknown

module or power
supply connector

[

=L

Bulk capacitor
capacitance is C, .,

EANE]3RER S HIPDNE

Wiring inductance
up to capacitor

. Ic Ground

Line =D.4:|' %] <107

Length Jl
"IJEI" Wiring Cross-

Section Structure
+Ground Layer

Power Supply

Board Capacitor

Total capacitance G,y
Residual inductance ESL__
Located within 1,

. P

Establishing bulk

Establishing board

Board capacitor is selected and placed

capaciior capacitance capacitor capacitance taking maximum allowable wiring length Dashed lne: When using one low-ESL )
I INt0 COnskderation capacitor for board capacitor
> Lo —2af, E.
Gm-u' = Zrz fmu =04 Zr Tﬂfc‘!\ D§L""“' «10° Placing a capacitor with capacitance
" f hy mare than G, . within [
: T@PCE ;
H - Solid line: When using a combination
. of MLCCs for board capacitor
E g ! "
= “u " H e
I Z . 'l . ;
2 of (L—2a, AL b
(= ' [ ‘\ » v *
@ Iy ¥
h-] ‘.
@ o
a 001 =
E — When I, does not exist for one capacitor,
Adjustment of antiresonance is f _ reducing ESL_, by combining muliple
h bining MLCC T PO S ; T i
0.001 necessary when combining 5 "_g., . capacitors, and enlarging /., may be
0001 001 0.1 1 10 100 1000 necessary. Total capacitance must be
' ' . over Gpon
frequency (MHz) Combination of capacitance sAppl |cat|0n M an Ual
adjusted to keep antiresonan

.

for Power Supply Noise Suppression

Figure8-20 An example of capacitor design to achieve target impedance and Decoupling for Digital ICs
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The behavior below 1 MHz is driven by the VRM and bulk

capacitors on the PDN of the mother board. In the 100 KHz

to 100 MHz range, the board level PDN design with

decoupling capacitors will come into play. From 10 MHz, you
need to take the package and on-die PDN into account.

}
W PDN Memory Card
U1 PDN : I
PKG + On-Die .
@i;rm I 'E PDN Mother Board
T ] P = E]m E]W - H Advanced
= 1 [ﬂ [i]w @ﬁ @ - De3|gn Systemi

Select the nets and .
define Ports, export to ADS

PDN Impedance
components of interest

=
GPOR% 223 2N TOOTOA

i 3%\ e mevi%z? 1
gE®
LSS i i e
GeRco nan

SO OW TSN 1E-1—
NNNNNNNNN
(o) Re ko) Re)Ne)] [o)Re)Re)]
@© @O @O o @© @© ©
EEEEEEEEE

1E-2

|
T T |% T
1E4 1E5 1E6 1E 1E8 5E8
Page
freq, Hz
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v
'|'| SRC1 MLIN MLIN | MLIN ITMLIN IIIMLIN

Vde=1.0V  TL1

Subst="MSgb1" Subst="MSub1"
W=500mil |~ W=500 mil
L=1000 mil§ ~ L=1000 mil

TDK_C2012X8RK_C2012X8K_C2012X8R_C2012X5R
- - - ~  TDK_C1005X&R_C1005X8K_C1005XER_C1005X5R
€53 C54 C55 C56 o9 - - -

C50 C51

JADSER{H1TPDNFE I LT R AIFIE

TL2 TL4 TLS TL6

ik~
-~
|| g

TDK_C1005X5R
MLIN C45

¢

TL3 Vi
MSub Subst="MSubt LAC
W=500 mil SRC2
MSUB L=1000 mil ke lac=polar(100,0) mA
MSubt - AC Freq=freq
H=10.0 mil AC1
Er=4 Start=1 kHz
TDK =L
Mur=1 ! Stop=100 MHz -—
Cond=5.867 Netlist Include Smg=
Hu=3.9e+034 mil TDK_Netlist_Include
T=18um TDK_Netlistinclude
TanD=0.02
Rough=0 mil
Bbase=
e |@| S-PARANETERS I poerin | | e | [
J |
S_Param
SP1
Start=1kHz
Stop=0.1 GHz
Step=
KEYSIGHT
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T C1005:
TDK_Netlist_Inclus

TDK_Netlistinclude TE‘K C1005;
TRK C1005:
Tl EK C1005:
TRK C1005;
TRK, C1005;
TRK C1005;

TDK_C1005:

L
=

N |

Num=1
Z=50 Ohm

Taﬂ C1005;
T

TDK_C1005
c26

E_

>7_1:AVDD_7511
bR
[8_1:AVDD_7511
bR

524_2:GND

bR
f27_2:GND

bR
528_2:GND

bR
F40_2:GND

bR
S42_1:AVDD_7511

bR
f45_1:AVDD_7511

bR

7_1:AVDD_7511_F

Fo_1:v1P8_7511

Fo_3:6ND

J9_29:GND

DD_7511_F

U9_1::DVDD_;

9_1:PVDD_75

U2_5:GN[J

I (=

TDK,C1005X5R

TDK C1009X5R

TDK,C1005X5R

TDK_C1005X5R
51

F10_3:GNi}

=
e o

TDK,C100NIm=3
=50 Ohm

| TDK_C1005X5R
| s =

P
_I (_"i::m

TDK ,C1005Nmn=4
,—eef(—a-i%o Ohm

TDK,C1005X5R

TDK ,C1008X5R

TDF CWOOiXSR

TDK_C1005X5R
38

]

Term X
Term2 26N
Num=2 C100536R
Z=50 Ohm 30_1:DVDD_7511
C1005%6R
3_2:GN
C100536R
5_1:DVDD_7511
TDK_C100506R
C46
PDN_EM_Model
_0

KEYSIGHT
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Optim
Optim1
SaveAllTrials=no

GOAL

Goal

OptimGoal1
Expr="mag(Z11)"
SiminstanceName="SP1"
Weight=1.0

GOAL

Goal

OptimGoal2
Expr="mag(Z22)"
SiminstanceName="SP1"
Weight=1.0

GOAL

Goal

OptimGoal3
Expr="mag(Z33)"
SiminstanceName="SP1"
Weight=1.0

GOAL

Goal

OptimGoal4
Expr="mag(Z44)"
SiminstanceName="SP1"
Weight=1.0

GOAL

Goal

OptimGoal5
Expr="mag(Z55)"
SiminstanceName="SP1"

Weight=1.0
‘ —E'. [] S-PARAMETERS
=
—#r. S_Param
=l SP1
§:R%1F0hm Start=1 kHz
” Stop=100 MHz
Vdc=1.8V Step-

mag(Z(5,5))

mag(Z
mag(Z
mag(Z

AVDD:23mA->1.2 Ohm
BGVDD:5mA -> 20hm
DVDD:97mA->0.3 Ohm
PLVDD:22mA->1.2 Ohm
PVDD:5mA->2 Ohm

SR

A~~~

™M N ~—
MO N —

~—

1E-1—

1E-2

1E3

1E4

1E5

freq, Hz

1E6

1E7

Page
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Use the EM Excitation Add-on to
look at the surface currents around
270 MHz...

¥ HS RX
‘ GND on L0O2

VDD on LO5

HS signal net U1 _D1 on L0O4




2 RES4AY -V 2R i A BISEE TR

B1500ESFSE DY

BT
—E£0.1fA-1A/0.5uV-200V
TEPRPYTERER EE ——

(V) B, S, 3 =
WE. REFABRUE ;

—{£ 1 kHz 2 5 MHz $iEZSBEIN o
PITRREBEBNE |, STHFESFS |
FBEZS-BE (QS-CV ) Z

—%‘#E’Jﬂﬂ?ﬁll IV UEFDER IV e
£ , (EXFEPRA 5ns (200 |
MSa/s )

KEYSIGHT

TECHNOLOGIES




R RSS2SR

E5061B KEMZE TS

E5061B-3L5ig{t E5H1EE]

S5Hz~
//&Iternative solution \

5Hz~30 MHz e
‘@‘EV@Dﬁ% a
O® pRnEs :

Rc =50 ohm T-conn. 9_0}: Pary
ATT] |ATT E E
L &N @K
22| Y Gy By

Test board

lAC +DC qr T
: J R LFmHiEHA Mol 02
Rc =50 ohm s A e Y o
SN “Power spliter 18 258 {u Mizlim O S S#iMixtim O

\
DUT (MLCC)

S S#litiz O : 5 Hz & 3 GHz

jeESHREIMEED : 5 Hz 2 30 MHz ; 1MQ/50 Q BN ; FERNEERIEE RIS
REBRRER : =& +-40 Vdc ( &K 100 mAde ) ; Rii+Eifkad

PRI tINEE (1% 005) : RHIRINESEL ; ATFNHERREAMEINEE | T
BT




R PONIRITANS S EA

—
.
-

107 B Rgm w019

|

SBME:7E S SMIEO_E IR 95 HAAE R EE O L RIENES
BB E| 3GHZSEERM S218#, SEERMESURER R B &, SEA TN
B ER BRI

Impedance magnitude [Ohm]

1.E+0 r . T T T . T Impedance magnitude [Ohm]
1.E+00 . .

1.E-1 4 +— Unpowered
1.E-01 A

1.E-2

Power OFF 1 E.02 -

1.E-3 1

1.E-03 -
Powered
1.E-4
1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08 1.E+09 1.E+10  1FE-04
Frequency [Hz] 1E+02  1.E+03  1.E+04  1E+05 1E+06 1E+07  1E+08

Frequency [Hz]
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RGBS T RIRE S RENRIN

‘GOOD’ SW|tch|ng supply <SmV pk-pk noise ~ 0.2Ul jitter

EPPEPNEY i AT Al
v":.- e
T T D osis] <f v ., A
MASANENerts Scakes | - .lu. Ro129000 e P‘w& Hmlll Dlv“lu Ix' Srce 13
Scurce rtacel Zcul e ontal Scale Pasition 2 12090-12 " DM 5> M ren)
tarwed, 1. 06 d 200 w L ODBOS Lesidl 3.0 5 art < ™
furetace 3. 00 wh ek 2. 2OOCO Wy 1.00 pardi 9.0 = l_n; 3 5.9 m e 5.8 o e Y ();' s
PiCrem) 2.1E on SiXea) 1538 o
OO,
e el e = e
on
35 A 5B = )
~
{ 1 £
| - !
-~ o,
t |\ |
} - N — L
" s = - | aloip] i =
.J—. .._Q, - _U __.[_.'._.l - Ataer
ek
Zcurce Verticel Scwle OFfast Harizontsl Scale Pasition
tarwed, 10 ¢ 2.0 W 2 G d 3.0 it

llt Rate: nm s Pl Langthe !:ﬂ! bits Div Rt io:

11 SN
TXIE-120: 2.7 ps DK 553 = g RXws): 435 s e
PRS- 3.5 b= s ppii 153 pe D= oo Tz -
Firas? SUBS o8

ISIXD-s) 15 2 pe

Reference : www.Xilinx.com © Copyright 2013 Xilinx

The Do’s and Don’ts of High Speed Serial Design in FPGAs
High Speed Digital Design & Validation Seminars 2013
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RS IREA L EEFE S ESS
BIS 5.005BXFSI-PIEES{FEM X i

vDDO High State (logic one)
[Composite Current 1
Black Box 'u'||'_: (or pullup reference typ/min/max value)
viaete ISSO PU
L_vDDQ M Rr_vDDQ + |
P POWER Clamp
o YA
Circud ”: P
poMe by Isso_pu (function of Vtable from -Voo to Veoc)
vDDQ I_term I_s=ig
— —
O sig
@D (or pulldown reference typ/min/max value)
I l | VAN
1 PO
I_byp —I_ C_p+b I_pre I_cb

L_GHD = FE_GHND ]_

— GND (or pulldown reference typ/min/max wvalue)

BIRD 95.6 Power Integrity Analysis using IBIS

» Models VCC currents under specific loading conditions

BIRD 98.3 Gate Modulation Effect (table format)

* Models output impedance variation as a function of VCC voltage

BIRD 76.1 (v4.0) Additional Information Related to C_comp Refinements
* Models as 10 pad capacitance to VCC and GND separately
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BRI SR GRS R LRSS

Touchstone v2.0 offers several accuracy improvements

relative to Touchstone v1.0 format :

¢ Per port reference impedances in v2.0 format.

¢ This allows one to have data/address nets as well as power and
ground nets in the same file (SI-PlI model) with better accuracy.

* We normalize power nets to 100mOhm and signal nets to 50
ohms within same S-parameter model file.

[Version] 2.0 PON Detatlomefzedto Ot ohme PO Date Nermalizedto 50 chms
# GHz S MA R 50 R
[Number of Ports] 4

[Reference]

50 50 0.01 0.01

[Number of Frequencies] 50

\a
/

Transmission

Coefficients ~
KEYSIGHT

TECHNOLOGIES
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EADSEEHITSI-PINEASHE

Switching Current Waveform at VCC from |_Probe1 GND Bounce Waveform
\examples\HSD\IBIS_PowerBird_9598 c .
Support_wrk.7zads o | o f |
’:l\\ S N, T
< o Ui, X i i
e SRR
— E
A » ‘
Rl ‘ " & | |
B ser ..g..,.lﬂl.,,.. @ = . gl | |
Traﬂ L | Prade ﬂ‘"l . 1] [ ’ D_. | |
STOJTITIE#[I:FSEE v -‘""J'” tl.l:l;l- l I“mjﬂ r:;' -2 i TTTTJTTITIT[TTITT TTTT[TTTT[TTITT TTTTJTITTIT 2 TTTT[TTTT TTTTJTTTTTTITT TTTTJTTTIT[TTITT
VT Slg=1.0 - ic_h ' AR AR A A A A A ' s b 5 oW B W ®
fima, ngac fime, nsad
o
— l. ;ﬂl Madal Baard Madal Reslstie hm'l'lmlnllldn Vallage S I 0 w f Vcc B w f
m o .|H i ignal Qutput Waveform ounce Waveform
L] L} .
1 01_Package Med :LL':IJ : R ::I:_: el 26010
e e P TS ot . l
L Dﬂl:ll'-1:]:|' 2.5_: at | I;' - 1 205 | I ‘ | I l
Dyl ez Capacltance ] | | | 2601l Mk
;d;zlrear 2.3—: T | ‘ | ll |
Fal=1 nsat b": ] | | ““ 25095 1 1! 1
Width=1{ nsez [1_Packags Mode £3 15— ! | h;
Pariod=20 nsec : B ] S psa4 ‘
14— ﬁ—‘ 1
Package Model d §|'_I || lu, _______ | II Ll el |
[ | s L
g | I[ || 25040 ' |
] | |
' 0-" |||||||||||I|||IIII|JIIII|IIII||i||||||| 259?‘ ||||||||||||||I|||||||||I||||||||||||||
05 W s W B W B !5 W 15 0N B W O® M
Advanced time, ngec time, nsec
Design System|
KEYSIGHT : :
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OGRS FEIR(E

SHRIAE

4

. ChannelSim,

ChannelSim Vhigh=10V
ChannelSim1 Viow=0.0V
NurnberOfBits=1000 . c
Tolerancelode=Auto
-+ EnforcePassivity=yes

BitRate=1Gbps

VAR " Mode=Bitpy-bi
VAR3
VOD=1V
VOD_=0.05

Tx SingleEnded = -
Tx SingleEndedt -

RiseFallTime=100 pec
Mode=Maximal Length LFSR
Excludeload=yes -
EQWode=Specify FIR taps

T EVAR

- ItSine VAR2
o Ut - - - - ULIEDAA - -
A T o s () 1de=0 mA- 118ineFraq=540 MHz
= Vde=VDD L—_}D H RI Amplitude=U1_It Period=1/ltSinefreq
R=5 mOhm e Freq=liSineFreq _ StopTime=20"Period
C : bl R Delay=1"Period  MaxTimeStep=Period/20
_l Damping=0
Phase=0- -
PDY [with Tra
L
SRLC SRLC SRLC SRLC
SRLCt SRLC3 SRLCA SRLCS
R=5mOhm R=0.010hm { R=0.01.Chm 4§ R=0.010hm - -
L=15nH L=0.2nH =02 nH L=02nH
1 C=300uF TC=C T C=C T C=C
@ VAR1
C=1ul
Eye_Probe
1 | = == Eye_Probet
i Rx L o o
i |
I Rx_SingleEnded
Rx SingleEnded? -
= Excludeload=yes
EnableCTLE=no
EnableFFE=no

¢ IC Core sink current frequency is
varied:100, 270 MHz.

KEYSIGHT
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EnableDFE=ri0 ~ °

RX = Eye Diagram
% 1 Gbps PRBS TX into signal path.

IC Sink Current = 100 MHz

e 12
%
3
00 02 04 D06 D08 1_|D 12 14 18 18 20
time, nsec
IC Sink Current = 270 MHz
z
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\JL‘ Signal (DUT)

Probe and
front-end noise

Signal Signal +
Scope noise

. "
/ !ﬂ 5
/ N o U,qu
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N7020A: Attenuation ratio:
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1:1 down to 1.09 mV/div

20 mVp-p Signal
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(EHRBRIRSGRNETT A - 18

Probe tip < 10mm /

W

—_ —_

To oscilloscope of 20MHz
min Bandwidth

S~ Ground
Shield

[ Ceramic capacitor

Converter output connector
Fig 13 Use of special probe for noise measurement

> DLl ERITE, (RAAS,

> B PREGEEIE EE IR 5
MR s 45 Ty R F AR MG 5 S
NEEPR LR s B A PR X
YN R R [ 0 A i [ I dk
17
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(EAFRLOR RS %2 | IR

G100
B0 COAX

BALUN CONVERTER c
I
Cwd R I
INPUT L LOAD 50
= T S

GROUND PLANE

Fig 14 Ripple measurement using terminated coaxial. Note use of input balun to attenuate common mode noise.
Output ripple p-p = 2V p-p

Keysight Infiniium : Wednesday, September 17, 2014 3:12:46 PM
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N7020AESE5s . (RIS

/

N7020AS i ea KR AE iRk
= =1)%AY *ZG HZ FDJU

S{RIRE |, FERILL(N91.1:1
< B+ 24V RESEE

<+ =HAPBHT : 50 KQ @ DC
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g %_ﬁSG HZ M

<\ RHE—FY10bit-ADC |, I2HEEHEE

EiREs
5, SIS RIEOEHIAIE

~{RIRERIR , &/INBEFELI6MV

SEETIHINEE , ZIFE4

TECHNOLOGIES

Full scale |Infiniium
mV/div value 5194A
(Volts) noise
(mV)
1.000E-03 8 mV 0.09
2.000E-03| 16 mV 0.09
5.000E-03| 40 mV 0.095
10.000E-03| 80 mV 0.111
20.000E-03| 160 mV 0.16
50.000E-03| 400 mV 0.45
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SE GRS ININT020AIR L Y RIS A= FEk R

_§|'°snn|z.oo mv/ [-27 mv |@=m2.00 my/ 27 mv  |@ 0O i|
" TA

A

S [BIILISA | SESl Sil]

Keysight N7020A: 0.87mV p-p

Competitor: 13.3mV p-p

16 mV

l

-250 ps -200 ps

Méaﬁ. Min : I\I;'Iax = Range{Max—lh-ﬂi.n) | Std Dev =

(@ Voo B3 . EASV - @@bly o omawe o a0y 550
2 Vp-p2) 132355 mV 124752 my 11.8086 mV 133355 m¥ 1.5268 mV 6271 v
8 ACVrms(2) 1.25510 mV 125037 mv 1.22534 mV 126720 mv 41,8582 v 148704 pVv

Q@ ACVrms(1) 914571 pV 91.6239 pV 89.8044 p\ 93,7231 pVv 3.9187 pv 11964 pVf
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Agilent

SEan

» Vertical setting =
10 mV/div
* Full scale =80 mV

=
]
s
o
w
=
(1]
o
7

Noise Floor:
111uV rms

171V
448 ps 1

easurement m X 2 17412V
8 Y min(l) 71215 171215V 171215V 2 | 61.976 mV
8 V max(1) 177412V 177412V 177412V
© DCVms(l) 174678V 174678 V 174678V
O Vppll) ® 61976 mV 61.976 mV 61.976 mV/
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TECHNOLOGIES Page



HRHERRIRE

KEYSIGHT

TECHNOLOGIES

M B W 050w P a0 on @iewe) [NV

Z (@200 mv/ 142V | @)= [ (+ 28

(]
=
(o]
o)
»

» Vertical setting =
20 mV/div
* Full scale =160 mV

<
1
=
0
L
<3
®
o
w

Noise Floor:
160uV rms

Increased noise by
44% (10mV/div to 20
mV/div)

0.0 ps -8.01 ps -6.01 ps -4.01 ps

-1 6.01 ps
@ (2.00 ps/ |[-11.1200ns | @ T 1|
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E5BE

di]

N7020A: Offset range: +/-24V

op I
op
=
Scal
m

Seai

SE3W |EDIUSA

f

N2796A 2 GHz 10:1 active probe noise:

(% Results
Measurement Current Mean

DCVrms(3) 3.52749 mV 3.92530 mV
© DCVrms(1) 388.920 pV 371952 pV
V p-p(3) 232033 mV 228373 mV.
© Vp-p(l) 33156 mV 352108 mV.

KEYSIGHT

TECHNOLOGIES

N7020Av 2 GHz 1:1 active probe noise:

334253 mV
344422 WV
211936 mV.
3.2069 mV

KEYSIGHT

ECHNOLOGIES

©@oov

T W e e

\0[1!

3 mV p-p noise
up to +/- 24 V offset

23 mV p-p noise
up to +/- 5V offset

-25.4 mV

I T T = N —

441064 mV 106811 mV 187.401 pV

409.421 pV 64.9990 pV 11,1534 pV 647
40.0000 mV 18,8064 mV 165113 mV 647
40685 mV 861.7 pV 13831 pV 647
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R gl E [5.00 Gsa/s | [10.0 Mpts | oo~ | @(3.3545 v | v

5 (@=<500mv/ [313v_ |@0]

KEYSIGHT

N7020A_50kQ @ DC e ¥ (5.00 GSa/s | [10.0 Mpts |~ \T;rso::f;M m

§|esm|zoo mv/ J320v  |@0

ESEBW |E2I2A | SEDW =

4,00V

m

=

m

i)

W

—— =

; i ; <
e
0

u

=

5]

2]

w

BIGAVARSRCRCHAVS

rms—

50Q @ DC pulled this
T supply down ~60mV

Ny o (changed the target this

much)

Measurement Current Min
@ DCVrms(1) 331363V 331547V 33112V

-1.00ms -800 ps -600 ps -400 ps -200 w 400 ps 600 ps
@ oo @7 1

rement | Current ‘ Mean | Min | Max | Range (Max-Min) ‘ Std Dev | Count
| @ DCVrms(2) 325378V 3.25168 ¥ T S 3G, 15583 mVY  3.58833mV TR

KEYSIGHT
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| @|1.440

Measurement Coment | Men | Min |

j [Horizonial|_Vertical _[Popup Content] |
© Vp-p{ml) 40.133 mV 40.133 mV ® N2870A 1:1 passive probe 9654 ns 147350V
© Rise time(1) 281.83080 ns 28446283 ns 269.87682 ns N2873A 10:1 passive probe 4 5 A : N 7020A 2 G H Z , 1 . 1 ' 1

8 Vp-p(l) 35.128 mV 129 mV 35128 mV " | @ N7020A 1:1 active probe 145995V

* UBLIBINSER W
syeunjoog
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| #
File Control Setup Display Tri Measure Math Analyze Utilities Demos Help

400 kpts

BW: 2.5 GHz
Captures high-freq transients

Offset
(1.4472v |

B Labels |1
-~ Impedance —

| Oso0
Measurement [  Curent |  Mean |  Mn [ = Mac | ® 1m0

-10.0 ps

9 Vp-p(l) 45385 mV 45385 mV 45385 mV 45.385 mV

Analog BW Limit
120 MHz

Page
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File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help L J File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help A

0 T D [ (100 Gsa/s ) (100 mpts | oo~~~ A 250 Gz @) 142660 | .0 GSa/s | (400 kpts [s.00 6] @oov |

veform Window 1
2 @2/ 10.0 mv/ [1.45V a =
3|° | ” \0 ‘ §|@|1.nomvf\|—200 w @1

i 420 my

SEe3W [EJILSN | SEaW 2
SEDW |EDIUSA | SEDIN 2

-300ns 400 ns -300ns -200ns -100 ns 00s 100 ns 200ns 300 ns 400 ns 300ns  ml
@ oi: 1®°
spectral
3 |@[0.0d8/ ||-70.0dBm/ @0 |

m -31.0 dBm

-41.0 dBm

-51.0 dBm|

-61.0 dBm|

-71.0 dBm|

SEDW |EJIUSA | SEDIN 2L

-81.0 dBm

-91.0 dBm

141V
S500ps -400ps -300 ps -200 ps -100 ps -0 100 ps 200 us 300 ps 400 ps 500 ps 1 : -101 dBm
- [ -111 dBm

( - ~ 7 “ -
-22. @) I ‘
|° |10G IJS,I ‘ ‘ 22.2000 ns | o o ) 0Hz 100 GHz 200 GHz 3.00 GHz 4,00 GHz 5.00 GHz 6,00 GHz 7.00 GHz 800 GHz 9.00 GHz 100GH: 11

(%] Resuls [start 0.0 Hz |Stop 10.0 GHz |CF(5.00 GHz |Span 10.0 GHz |RBW 1.50 MHz | B Mark Peaks [-55.357 dém| ! 11 |
Measurement |  Cument |  Mean | 368268 khits Y2 149462V E‘ 29T it/ @ =

8 Vppll) AAAmV 47779 mY 86.1680 khits AY  229800mV o -

282:100 khts

354484225 4V Hist Std Dey— .07 mV

143164V Histuzlo  Y67%

‘.Shﬁsh'm\werﬁgeufmeh\smgmm Label |Hnrizon|a\‘ Vertical |Popuannlenﬂ
| A ® Pk 171GH “3035dEm

SIUDLUBINSED |
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LR BRI S R S?ﬁﬂm,}fiﬁf; .

s cre mmipmmmnaes  N7020ARIRAIRSK
=SS TREE

—20 GSa/s BRARER
~10 (TSRS (ADC ) (RTFRSEE

_(RIRFEREE | 6.4 NRFEINEL
( ENOB )

IcHAIES

—15 TR BR RS 152 s

— /R i5 FHRECER 8G RAM |, AJLUR
AR IRIRE

—FRECERSYK BN 28 v K EFH LR E
HLI S a &

—USB 3.0 flLUKM#EOREEIX 200
MB/s BIEHEENEIRE
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WHSENIDF © AR SimiS e/ AR LSE

MRS : 1VER Rt
_Vpp < 3mV ( 20MEEER )
—Vpp < 10mV ( 8OMTEER )
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Acquisition
2.50 GSa/s

== N

—

?

L

—

=l =l =l =l

40

1

h
h

1.00 mv/

250 kpts

is stopped.

Current
Mean
Min

Max

BN

V p(2 Frequency(1ls) V p-p(1)
5.7069 mV 99.890189 kHz 1.9883 mV
5.30608 mV 160.00062 kHz 1.99626 mV
4.9724 mV 99.345742 kHz 1.9780 mV
5.8066 mV 100.67958 kHz 2.0165 mV

OLO

N

0 9p
== Q20 A A\== ==
o O
D
— -
H u 1 . ' A
— -
Hv u --
/tDT
File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help ol ]| X
T D B (100 GSa/s | (10,0 Mg e e o L& n?|

i)

»f

Probe System

SEaW |BdIUBA l Seap sawi |

o N2820A | @) no probe detected

| Scaling

N2825A Probe Head

Rsense User Defined 1

No probe detected

500

US52460022

No probe detected

N2820A Probe Amp

kHz

on External Scaling
Acquisition HW & Display —— Extema
Scale B Fine =
10.0 pv/ ~ [nv
Offset Offset...

«22w ([ JOIA

Probe System Characteristics

| skew Bandwidth
o0 (UM ||| e
B Labels 1 | | | Signal Range
|- Impedance Coupling CM Range
| @00 O oC
O 1m0 ® AC off

|Analog BW Limit

MHz

PrecisionProbe/PrecisionCable

265 ps 65 p

s

Setup...

17

64.7 ps

N

353

us

@ (100 ps/ |[235.3200000 ps| (@ T O

500.0 kHz l
1.0 GQ uUnits Offset
— | —
£35.0 A Volt LY 0.0 LY Al
+16.0 A g )
+17.0 A Cain
Ratio LY |[1.0000 : 1 v [ A
| e v
Y|
Smm—— -82.2 wv
__Probe...
pre——
| Probe Cal...
pr—
Trigger... -92.2 pv
-102 pv
S ps 335 ps 435 ps 535 s 5 s 135 ps 1



N2820ATE5(E S M EIRL

\ N2820A 2-channel

** Measure AC/DC currents as

low as 50 pA, and as high as
5A
» Dynamic range >20,000:1
Bandwidth
s 3 MHz Zoom-Out Ch
s 500 kHz Zoom-In Ch
Make-before-break (MBB)
Interface
% Selectable R_.,.: 20 mQ,

\\:OO mQ and user defined j
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+

BatteryI:’:I
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Oscilloscope

High
Zoom-out RS gain amp

view
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N2820A NI EZ YRGS R IR IR

File Control Setup Trigger Measure Analyze Uliliies Demos Help 6 Dec 2012 8:19 AM
Acquisnmn is stopped.

111 MHz

_)OUIHA/ .OII - = { m 6“7

Channel 2
“Zoomed-Out” View

||
-

<
7

did I
Channel 1 f TR LA f‘
High Sensitivity |
“Zoomed-In” View

K

==

Lag

1- ti- '

{ |
\ i | { 14 f‘g j
N“M\"““—&'I“L w“\& W\ l“\‘ h'& M ~“ |

-~ I ALt e

more (IIT 517 @@O] Ble 3 200ms/ |EREREA -8.0142000000 ms PR

(1 0f 2)
SelSl Scales |

Delete | B8
(AI(; = Sampl ing Mode High Res Mode Edge (1)

Capture Time 20.0 ms
Effective Res 2.60 ns/pt InfiniiScan Off
Bits Of Res 13 bits
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H e ER I X AR Sk A2 A
EI U1880Am ik IEJ B, HTHJE. HFRER LM E R 1F
Q HEiRk (AC/DC)
«1147B 50MHz, 15A/30A HfiiRL, FHfeE
‘N2893A 100MHz, 15A/30A LRk, B aEhs
*N2780B 2MHz, 500AEﬁam&(%gﬁwzwngm\Eﬁﬁ-iij%)
*N2781B 10MHz, 150A H iR Sk (75 EEN2779A/ Mt H BB )
*N2782B 50MHz, 30A FE R 3k (75 ZEN2779A M it AR )
*N2783B 100MHz, 30AHL IRk (75 ZEN2779AK ML FE R )
Q SEZESHL
e N2790A 100MHz 1.4KVEEEaHL, Heedd
« N2791A 25MHz 700V & & 24453k, USBL\EE
e N2891A 70MHz 7KV E L Z 7 H 3k, FEeHM

Q FTRIRSL (AT EIRSGK . PSRRIUE)

* N2870A 1:1, 35MHz FiRiRkL 7\

. 10070D 1:1, 20MHz FoJEiRL | J i
0 BERL & y}

« 10076B 100:1, 4KV,250MHzTJEH k D), u

» N2771B 1000:1, 30KV, 50MHzEI5#k —
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il

/ I\I\

N

, B

Lm
[T
[]

N7007A
Single-ended
Passive
400 MHz
10MQ input R
2 m long cable
-40 to +85 °C

Probing kit for
differential

Compatible with

N2792A, and

70 cm long cable
-40 to +85 °C

Single-ended
Active
1.5 GHz
1MQ input R
2 m long cable
-40 to +85 °C

pyTr ‘E
Uiy )m

+ probe head
Differential & SE
Active

1.5 GHz - 16
GHz

50 kQ input R
-55to +150 °C

EMisiRERE R S

7
“a
—a
-
—
V.
N2797A InfiniiMax + N2820A/21A
N5450B High-sensitivity
extension cable current probe
Current

3 MHz
1.5 GQinput R
-55 to +150 °C
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