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Power Integrity (Pl)

Power Integrity: The study of the conversion, delivery and consumption of DC power in an
electronic system. Kenny Johnson, Keysight

Product Functional Reliability a Quality of the system power
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ADS 3D model of power
distribution network (PDN) for
simulating power integrity
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Why Is Power

Integrity critical to
your design
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Power Integrity

WHY ?

* Moore’s Law: transistors on an integrated circuit will double every two years.

Present

Past

Present Present Past

Present
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Power Integrity

WHY? POWER AND CURRENT DENSITY

» Operating voltages are decreasing to reduce power and/or in support of finer pitch IC processes.

& Power

Savings

1-3%

Past Present
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Power Integrity

WHY? POWER SUPPLY INDUCED JITTER (PSI1J)

- Power supply noise causes clock/data jitter ~ Example 2Jcpu/aPUn
Variations In core voltages cause variations in

propagation delay through the gates of the processor.
SWItChIng Threshold Variation / V éDecrease of gate prop@gation de]ay
_______ W"MMW_WWMMF/ X —\/\/
" < Increase of gate propagation delay
Input / __/

T

Example 1. —
/ | Power Supply Tolerances 'ij;?
I TP v
Output /}‘Zﬁi
M — et Jitter
KEYSIGHT

TECHNOLOGIES



Power Integrity

NOT JUST DC: SWITCHING LOADS

Clock/Data Switching loads can
cause high frequency

supply noise with
content easily
exceeding 1GHz

Power rails must be
_ stable from DC to the
Power Rail BW of the switching

A
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Power Integrity

WHY? EMI

* PDN is likely to be the biggest conducting
structure.

* PDN is likely to carry high current.
* PDN is likely to have high frequency noise.

KEYSIGHT Keysight World 2020 Taipei

TECHNOLOGIES



Power Integrity

A WELL DESIGNED PDN

« A well designed PDN will maintain a stable
voltage (within tolerance) from DC to the
bandwidth of the switching current (typically
above 1GHz).

* This will help:
* Optimize power consumption
* Minimize switching noise (SSN—simultaneous
switching noise)
» PSIJ (dropped bits, missed clock ...)
* Minimize EMI problems

» Therefore, one the primary validation tasks is
measuring power rail quality.
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Power Integrity

PDN THEORY AND MODELING

PDN Load Current
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PDN Impedance << 1Q

Ripple

()

Ztarget (f) = Zppy () <

Frequency (Typ 2 20MHz—>2+GHz)

transient (1/2)*Imax

2*(V 4q)**(ripple%o)

lpeak =PradVaa > Ztarget(f) =

Vv

P
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Power Integrity

PDN IMPEDANCE

Large
decoupling Middle and Small
capacitor  size capacitor

DC-DC
converter

PDN impedance

measurement
at IC position.

Large
I I(._I,, ' decoupling
PDN impedance(Q) capacitor
' . . Middle and PCE prane
DC-DC i Feedback loop 1 Small . Ca actitor and
! Slze capamtors iInductance
converter '
ﬂ/o NN AN |
~ ~ ~
PDN
Impedance
100.mohm
10 mohm
1 mohm
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1 kHz 1 MHz 100 MHz 1 GHz LOg FreCI(HZ)

PDN impedance
measurement at
IC position.
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Compromise the flow and
the system malfunctions

Subclavian artery

Processor & WIFi

Subclavian vein
Cephalic vein
Aorta

1.8VI1.1VIoV

Axillary vein
Axillary artery
Superior vena cava
Inferior vena cava

Descending aorta
Brachial artery
Basilic vein

Median cubital vein
Cephalic vein

SAMSUNG

Radial artery
Ulnar artery
Palmar digital veins

Digital artery

Sensors

Arcuate artery
Dorsal digital arteries —

Basilar artery

Internal carotid artery
External carotid artery
External jugular vein
Internal jugular vein
\Vertebral arteries
Common carotid arteries

\ Pulmonary arteries

— Heart

Celiac trunk
Hepatic veins

Renal veins

Renal artery
Gonadal vein
Gonadal artery
Common iliac vein
Common iliac artery
— __ Internal iliac artery

L Internaliliac vein
External iliac vein
External iliac artery
/ Great saphenous vein

/ Femoral artery

| _‘_{1; Femoral vein

Popliteal artery

Popliteal vein
Small saphenous vein
Anterior tibial artery

Posterior tibial artery

Peroneal artery

Anterior/posterior tibial veins
Dorsal venous arch
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Power Integrity (Pl)
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Power Integrity (Pl)

Power Sequence Specification
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Power Integrity (Pl)

POWER MANAGEMENT IC (PMIC)
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Power Integrity (PI)

PMIC IS THE TRAFFIC OFFICER
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Power Integrity Test
Flow




Power Integrity (Pl)

- 3.3V supply - .

T N T T e T W e P e W W ¥ aata Wt Vo
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Current Consumption,
Energy Efficiency

10MHz clock

. Power Rail Quality

2.8MHz switcher
L 10MHz clock
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Power Integrity

POWER-GOOD USING MXR DVM

DVM

Source

On

Channe (s

Source

a On

DM

Source

& on

Mode

D¢

. Auto Range

KEYSIGHT

TECHNOLOGIES



Power Integrity (Pl)

—Power-Up/Bown——-

Sequenge————
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PMIC Testing

|WegikalEdrarateisece

o« NRdolane tiipiafiyconagnoes

«+ Nblorifco s & unakers to

o OdtertanesppassHail
measured

|dseuask represents

oo |$¢mam rhre w-]

*+ Thieecossummggy

* Not repeatable/human

|Ss sures

* Only one mask
available

A :
-342 ms -242 ms -142 ms -4.22 ms 5.78 ms 158 ms 258 ms 358 ms 458 ms

[=)]
n

KEYSIGHT

TECHNOLOGIES



PMIC Testing

Mask for every channel

« Savestime

» Eliminates uncertainty

« Complete test report in
one screen shot

St up Multiporponse

Automask

« Saves time

« Simple and easy mask
setup

Faflod Wavolorme O
Poly 1
Poly 2
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o
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PMIC Testing

POWER SEQUENCE TESTING—MASK ON EVERY CH.

el M lenz T, . KEYSIGHT

X

o Customize Multipurpose k — — — — ——— ——— —— - "w.‘m ," =y lo_r rjEt ‘—'—‘m
- deich | | 161.5 mV { 1

Do Multipurpose

Multipurpose Action
QuickScroen
QuickMeas
QuickPrint
QuickScreen - —l X

Run Until

QuickSetup E3 | Mask4  Mask 5 Mask 6 | Mask 7 Mosk 8
QuickWavedorm p—

Mask Source.; Y

QuickSave

-
Wavelorms Y
e
A

Y
1000 L

! o

QuickEmail Mask Test Options
t QuickExecute . Stop on Fallure

Quic ntrol . ! e a Parform Multipurpose on

QuickComposite : Fallure

QuickReport B Draw Bounding Region Set up Multipurpose.

QuickSweep

Open Dialog Mask Margins

Force Trigges

Real-Time Eye Unfolding
Scaling
o ; Individual bit errors may be
© manual observed by unfolding a Real

Vertical Horizootal Time Eye.

B Bind 1 & O Levels

1 Level

I, (Ax)
1.8095240855 ms 5

AX

1.0200V
0 Level

£.0000000000 ms
980.0 mV

419 561 ms

o 2.00 ms/ 5.8095240855 ms

Mok Test
Result [ Maskd Mask2 | Mask3 Maska | Mask 5 Mask6 Mask7 | Mask &
Mask Test Source Automask Automask Automask Automask Automask Automask Automask

Lo Channed 1 Chsasend ) Channnl ] Channat 4 Chaonal £ Chranost £ B Chanonl ©
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PMIC Testing

POWER SEQUENCE TESTING—ATIME MEASUREMENTS

. nt | Fiir - Tri . r- - Mat) A 11Filt Deor r 314 PM
Seope) File Control Setup Display Irigger Measure/Mark Math Analyze Utilities Demos Hely KEYSIGHT X
. s . 273002020 L o JECHNOLOGIES

= Measurement Thresholds I : Y ~ns
Bandwidth | [[Stopd | @15 mv  [DIC

General | Rise/Fall | Protocols without Clock Recovery . 7

General Purpose Thresholds apply to everything except protocols that don't use
clock recovery (such as 12C and SPI) and rise/fall time measurements

Thresholds Apply To
© All waveforms

@ Individual Waveforms

SRALLIRALIAALSPAlL DLLLL

Thresholds
10%,50%,90% of top, base
10%,50%,90% of top, base 158 ms 4.19 ms 581 ms
20%,50%,80% of top, base :
Custom: % of top, base
# Custom: thresholds (low, mid, up)

¥ Custom: threshold +/- hysteresis
W VI, Miax

O Custom

Top Level 1.10 V
5.00000 V 158 ms

Base Level
0.0V

-4.19ms 581 ms

@ 2.00ms/ [5.8005240855ms @ € @

Measurements B - 7 || Mask Test
Measurement Current i | l Range (Max-t A
© ATime(1-8) Upper? Upper?

R REST l Mask 1 Mask 2 Mask 3 Mask 4

- Mask Test Source Automask Automask Automask Automg
@ ATime(1-7) Upper? Upper? ; Source Channel 1 Channel 2 Channel 3 Channel 4 Channé
© ATime(1-6) Upper? Upper?
© ATime(1-5) Upper? Upper?

<
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PMIC Testing

POWER SEQUENCE TESTING—ONE PAGE REPORT,.

% A KEv\f‘SIGHT. -
400 MHz Stop'd |o_f‘ 1.5 mv t)-? m

540 mvV

JaA | B

&
=
®
=
[

3.71428B58907 ms

Messgrements
Mask 7
Automask

Mask &
Automask

Channed 8

Mask2 | Mask 3 Mask 4 Misk 5 Mask 6

! Std Dev ] Count | Result Mask 1
Automask Automask Source

460.0 Mask Test Source

Current Min | Max
2074753 168282 1930928

4.01942¢ 4.018581

Measurement
@ Alime{1-2)
© Alimefl

Autormask Automask

4020585 6054 Source Channel 1 Channel 2 Channel 3 Channed 4 Channel 5 Channed 6 Channel 7
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© ATime(l
© ATime{1-5
O Alime(1
@ Alime(1-7)

A02871596(
6.015895(
6008173

6032367

402669
4018144
5.98989¢

603162¢

A 0254564
60162531
60242630

6034406

6T AIST
602.20398
10234649
82620101

Total Wavelorms
falied Waveforms
Poly 1

foly 2

1"
3
o

137469 ¥

1"
1
198719 M
0

1k
1
0
214162 &




PMIC Testing
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Power Integrity (Pl)

atiibaail s T T S Yo Gt Mt o S T S
. 10MHz clock ‘ﬁ)
(v} 8o ‘ c 0
o-Power-Ratl-Quality
1 - 2.8MHz switcher
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Power Integrity

POWER RAIL QUALITY

File Control S« noger A e wh Analyre Utities Doemos lp V2017 ' GH - - x
g —_—

©” Keysight Power Rail Probe,,

l 21.6mV,, I .':

D M |

SO OLOA W

DC/DC
Converter

‘Regular” Probe

M my Vo Ve, 29
29 Y P,
L .900 mv WA =Y
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Power Integrity

KEYSIGHT POWER RAIL PROBES FOR MXR-SERIES

» Keysight invented the Power Rail probe and their use with oscilloscopes

» Optimized for measuring the quality of power rails

N7020A N7024A
2GHz 6GHz

» ‘.‘\\\__—/,

&
>l 3
e
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Power Integrity

D9010POWA POWER INTEGRITY ANALYSIS APP

* Helps you understand power rail noise sources and power rail noise effects

Power Rail, before (with switching loads) Data Line before (with the effects of power rail noise)
& after (effects of switching loads removed & after (effects of power rail noise removed).

Fic Controd Sctup Otplay Triogey NMeasuee Math Arplyee Uit~ Demos Help 7 - "

o Bwy

AN JRIDA S

KEYSIGHT

TECHNOLOGIES



Power Integrity

D9010POWA POWER INTEGRITY ANALYSIS APP
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» ]
1} » ® Mook 1250 Mie 10AB diim

@ V() 52867 MV |4

KEYSIGHT

TECHNOLOGIES




Power Integrity

D9010POWA POWER INTEGRITY ANALYSIS APP

- acd it |
e A . ! Bandwidth 0-[‘
10.0 mv/ | / D (1 o )

A5 ADC clipping !

{ YN nrannn
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Power Integrity

D9010POWA POWER INTEGRITY ANALYSIS APP

o

= “ uLMmW«udM«MNWuL

rrf»wnmumwrm'ﬁ'

umM&wmmwwmquwaWM

Data Line S

1.10V Supply with 3mV,, Noise
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Power Integrity

D9010POWA POWER INTEGRITY ANALYSIS APP

12 v u

File Control Setup Display Trigger Measure Math Analyze Utilities Demos Help 9/i427
o T D oo oS H
[® ==fso

1seaw [EDIMAA | SEAW Bl

621 ns

Real-Time Eye
| 472.919 kUI
1 Wfms

-166 ps

—.| Real-Time Eye
463.528 kU1

s 1 Wfms =

-208 ps -166 ps -125 ps -83.1 ps
(@200 ps/ [62.8716ns  |@ T > 0|

Results (Measure All Edges) : ' :
Measurement |  Cument |  Mean |  Min |  Max | Range(MaxMmm) | SwDev | Count | |
Eye width(xtl) 153.25 ps 153.25 ps 153.25 ps 00s 00s 1
& Eye width(2) 1195 ps 1195 ps 1195 ps 00s 00s 2t
© Vp-p(l 131.94 mV 131.94 mV 131.94 mV 0.0 V 0.0 V 3

BLRINSER
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Power Integrity

D9010PWRA—POWER ANALYSIS APPLICATION

Type of analysis Measurement

Input measurements Power quality

« Automated, time saving analysis of switch mode and linear

. Real power

gai el =uppiies e
. Power factor
20 measurements . Crestfactor

-

: ' *  Phaseangle
Current harmonics
Setup Wizard ; \\_
B o Inrush current

Analysis Description Switching measurements  Switching loss

All Measurements Modulation Rdﬁ[ﬂn::l
Input Measurements Slow Rate
= \ce(sat)
Switching Measurements Safe Operating Area ¢
Output Measurements Ndsion) & Voelsat) S'EW rﬂtE
Frequency Response Measurements ¥ | Switching Loss R e T Safe operating area

Output ripple

Turn-on time

. ; : - . .
Setup Wizard’ provides clear directions.
Tum-off time
""" Efficiency

Transient response settling time

Power supply rejection ratio (PSRR)
Control loop response (gain and phase)
KEYSIGHT
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Power Integrity

POWER SUPPLY REJECTION RATIO--PSRR

* PSRR is a measure of how well a DC-DC converter
can reject noise on the input from getting to the
output.

WaveGen
2 i PSRR = 20Log(Ripple,\/Ripplegyr)

Fraguasacy | W
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Power Integrity

POWER SUPPLY REJECTION RATIO--PSRR

s

SUB (@O[LIRA | SRR

Bode Plot (Tabded

2 ] Frequency I Amplitude

1 100 Mz 200mVpp 109840 dB

2 123 Hz 200 mV p-p 29206 dB
150 Hz 200 mV p-p 27452 dB
104 Hz 200mVpp 25696 dB
226 Hz 200 mV p-p 23955 dB
217 W 200 mV p-p 2215dB

339 Hz 200 mV pp
5 Hz 200 mV pp
509 Hx 200 mV p-p 165997 di
624 Hz 200 mV p-p 15276 di
765 Hz 200 mV p-p 13606 dB - 2
937 e 200 mV pp 11.946 di - 2OLog(R|pp|e|N/Rlppleou-r)

1,149 kHz 200 mV o0 10334 de

"o

1000 162378 10000 nen.In 100000 316227.760 1000000

Frequency (1)
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Power Integrity

CONTROL LOOP RESPONSE (BODE)

rnhh'uh- ;?xnnr:. Vl’rh

100 Hz O mVpp 30968 dB 87935 ¢
123 Hz 200 mV p-p 29311 dB

50 Hz mv p-p -27A51 dB
184 Hz 200 mV pp 25702 dB
226 Hz 200 mV p-p 231954 dB 5784
277 Wz 200 mV p-p 22,208 dip BpS41 ¢
339 Hz 200 mV p-p -20463 db
s He 200mVpp 18700 dB
508 Hz 200 mV p-p 17.006 B \
S A — 10000 100000 1000000 10000000
765 Hz 200 mV p-p 13 dB
937 Mz 200 mV pp 11.043 dB Frequency (Hz)

1,143 kHz 200 mV.0-0 -10323 dB T1ATS " 248mdB @ 29.772 kMz -

-
o

i
- un

N
Gain (dB)

Phase (°)
A o
o
W N
cCwn o uno

7710 8 20.772 kHz GM: 254 mdB @ 55.48 kMz
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Power Integrity (Pl)

Current Consumption,
‘Energy Efficiency
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Power Integrity (Pl)

ARSNGB RS RTVRITRG VT

A mn |

DC/DC
Converter | | Keysight High-sensitivity
el T w W Current Probe (N2820A/21A)

“‘Regular” Clamp-on
Current Probe
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Power Integrity

HIGH-SENSITIVITY CURRENT PROBES

« N2820A-Series Current Probes §
- High Sensitivity -

« High Dynamic Range

. RSENSE: 1m0 to 1TMQ ’ Maximum Current: >100A’s
Dynamic range: 20,000:1

Minimum Current: 100nA

o
)

Zoom-in

KEYSIGHT
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Power Integrity (Pl)

_ 0
e 3.3V supply J u

e Y e P T Y N ¥ e ™ it ¥ o ™ P Wl W T

)

Current Consumption
Energy Efficiency

10MHz clock

~*  Power Rail Quality

2.8MHz switcher
-~ 10MHz clock

MXR With: MXR With: MXZRGVF\(;Z 6GHz Power Rall MXE I
. ilt-in Diqi . i * High-sensitivity current
Built-in Digital Volt Simultaneous mask Probes (N7020A, N7024A) g Yy

' robes (N2820A, N2821A
ot andard - tesing onven cremel . piapp-psowoeowa "% )
) - - Power App-D9010PWRA
generation (standard
 PSRR, etc.
feature)
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