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o Agenda

MICROCHIP

e Monitoring power and energy —why?

e Monitoring power and energy — how?
e Traditional methods
e A more modern approach

e Current sensor market overview

e Use case to measure multiple voltage
rails in a Kaby Lake Intel System

e Discussion
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@ Industry Trends and
Mlcg:l-up Insights

e Cell Phones report on application
power usage
e Laptops & some tablets report on |2~
application power usage o o

e Windows 10 systems are only 70%
accurate without a power monitor |C

3 Software Estimation vs. Hardware Measurement

Approximate accuracy per power model
E3 Configuration
CPU Storage Display Network
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AN Windows PC, Power
MICROCHIP Measurement and Error

e Software estimation
e Relies on the CPU measurement
e Relies on system modeling power in WIN10 OS

e Hardware estimation and requirements

e Series resistors (1%) are used to measure power
e Kelvin connectors
e Sense resistor 2-20 mQ (for the case of a PC)
e Value based on the full scale load and current desired
e Full scale voltage was based on 100mV (in this case)

e Simultaneous sampling (ADC for V & | desired)
e Known time stamp and always sampling

e Synchronizing multi-rail measurement

e High common mode range up to 20V rail to rail
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R\ Measurement Accuracy of
MICROCHIP Vsense and Vbus

Vgense Measurement Accuracy

III"ISENSE Gain vSENSE — )2 0.9 % At +25°C

Accuracy GAIN ERR +1 % | typical, —40 to +85°C
II'-,’rSENSE Offset """IIBUS_ — +0.02 0.1 mY | At +25C°

Accuracy, referenced OFFSET_ERR 0.2 mV | typical, —40 to +85°C
to input

Veus Measurement Accuracy

Vpus Gain Accuracy VBUS GAIN ERR — +0.02 +0.5 % At +25°C

- +0.2 % |typical, —40 to +85°C
"""IIBUS Offset Accu- II""IrBUS_ — +1 — LSB | At +25°C
racy, referenced to OFFSET_ERR +2 LSB |typical, —40 to +85°C
input

e Resistor error and device error should be added
linearly for maximum error

e On the following slides we will review the device error
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R\ Vsense Error vs Input
mcrocwe  VOItage and Temperature

25 T T T T TTTTT T T T T TTUTTE T T T T T T T TTTT T T T TTT
LN
20 ——/ LI N\L L LWL I L |73.3vDC -40°C |
RN N AT - o
15— |~ L11] LU I L 3.3vDCo°C |
N R e =3 3ype 25°¢
= L AV |
5 10 R " Cinn |—3.3vDC 85°C
o
s s - B i—suc 126%]
& 0 L [ L1l Ll
5 R : R
E 5 Il \ N R T R R IR PRI IR AT
w R T R R ]
10— /L A LW L LI L L
R AR R ]
Y A R B VY R B (TR W1
R RN N R
bl L L LTI bbb L L LI [
1uVv 10uVv 0.1mV 1mV 10mV 100mV
Sense Input Voltage
FIGURE 2-4: VSENSE Error vs. VSENSE

Input Voltage and Temperature.
e Error converges after 0.5 mV Vsense input voltage

e Data sheet is for a 0 to 32 V common mode voltage
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PN Vbus Error vs Vbus Input

mcrocwe  VOItage and Temperature
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Lo . I omVv 100mV 1V 10V 32V
IR RERN I Input Voltage
ERET
0__|_\_I_||I_I|I__\______T_II_H_II_H_
TmV 10mV 0.1v 1V 10V
Input Voltage

FIGURE 2-10: Vgys Error vs. Vgys Input
Voltage vs. Temperature.

e Error converges after 0.5 V Vbus input voltage
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AN Measurement Error
MICROCHIP Example

Actual power = 12V x 1A = 12W
Vbus =12V at | =1A
Vsense = 50mV (Rsense= 50 mohm)

Measured power:
Vbus = 12(1+gain error) +offset = 12(1.005) +976uV =

12.06098V
Vsense = Vsense(1+gain error) + offset = 50mV(1.009)+0.1mV =
50.55mV
Rsense = .05 ohm (.99) = .0495 ohm [1% resistor]

Current = 50.55mV/(.0495) ohm = 1.0212A

Measured Power = 12.06098 x 1.0212A = 12.31666W
Error = .317W = .317/12 = .0264 = 2.64%
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@ Industry Trends and
Mlcg:mp Insights

Data Center Management

e Cost of server ownership is in the utility cost
1t e Power Use Effectiveness (PUE)

Operting Enons e Non-computing energy takes 45% - 60% of total energy
Ns;h:::ﬁmll;i e Top ranked concerns of executives in the industry
| Soroe naton e Thermal and energy management has become a key
s challenge in the design and operation of data centers.
T‘H e Office of Management and Budget (2016) set
target PUE <1.5

3.0 33%  Very Inefficient

. 25  40% Inefficient
Data Center Infrastructure Efficiency = :fe::'geen

IT Equipment Power . % icien
i all X100% T B m—
Total Facility Power ' °
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AN Why DC Power/Energy
MICROCHIP I\/Ionltorlng

e Why are companies using this feature

e Actively managing total system power & limits

e Inform end user and help alter their behavior
e Running out of power and battery
e Power providers are assessing out of range conditions

e C-connectors enable adaptable power scenarios

e Configuring for different run conditions saves
power
e Measurement and reporting

e The laptop, tablet & cellular WIN10 battery utility
e Monitor efficiency, aging, and faults
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N Measuring Power

MICROCHIP

e Traditional methods

e Use op amp circuits for high side current
sensing and voltage monitoring

e Outputs of these circuits are fed to and ADC
followed by a processor/controller

e Controller controls the ADC and multiplies
current x voltage to get power

e [ake many measurements over time
e Store results, and calculate energy usage

e Discrete resistors mean reduced accuracy or
expensive calibration
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AN Instantaneous vs
MICROCHIP Acummulatd Power

Instantaneous Power

Instantaneous power (in watts) : the power at
any instant of time

p(t) = v(t)xi(t)

Versus Accumulated Power (Energy)

POWER

TIME
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N Measuring Power

MICROCHIP

e Discrete Current Sense Amplifier example

Discrete resistors add error

Power Supply
T Requires ADC at output
v, Ri R
——/ W —e WA © VRer :
Isen J Vip ADC errors also contribute to

Vout final error via quantization
RSEN % T

. L
-] =

V * *
2 R R,
Load
| Ri=R4¢" Ry =Ry"

Rsen << Ry, Rz

R;
Vour = (V}"Vé)'[R?)4VREF
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S A More Modern Approach

MICROCHIP

e Use a Power Monitoring IC

e Incorporates high side current monitor, bus
voltage monitor, and ADC

e Factory calibrated
PAC1720 example

Vaac - e _ Only sense resistors
T A @;8 affect accuracy
1 I
- - 3.0V to 5.5V
100k - 1M § g % g % %

Z z z Z
5 58 g :
3.0Vto SMCLK [«— Host
i|C’l SMDATA |« s
Voo ALERT
5.2V ZererI f GND P—
L PAC1710/20 %
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N Energy Measurements

MICROCHIP

e [he easy way to do energy measurements:
use a power monitoring chip
e |2C/SMBus interface
e Most report on current, voltage and power

e Simplifies energy calculation when used with a
known time stamp from the system host

e Host can command the beginning and end of the
integration period

e There are on the order of 40 12C current sensor
devices Iin the market
e This does not include ASSPs (i.e. hot swap controllers)
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R\ High Level 12C Current
mcrocwe SeNsor Market Offerings

Common Mode Voltage of Current Sensor

2 3 - 5

# Of Channels

e Circle size is resolution 8 to 18 bits
e Full scale range is normally 10 mV to 100 mV

120

100

CMV Max

o

o

-20
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AN Tracking Power In Intel
MICROCHIP Reference DeSIQH

e 4x PAC1934 installed on an add-on
board for Intel Kaby Lake validation
system

e Sense resistors on the motherboard are
wired to the add-on board

e Windows 10 driver used to facilitate
data collection and interface to
Windows E3 application via Energy
Metering Interface

e These acronyms are explained shortly
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N Basic Applications Circuit

MICROCHIP

Vsource ov-3v

|
IVscumew-ml

Vsource ov-3av

Sense
Ressbrs
A 'A'A"s Load
AN {  load |
AN Load
[ Vsamee ov- ov | AN Load
:_ - + ' + t’i + Q
3 W g B g W 5 W 1.62V10 5.5V
Digtal Supply
5y 83 g g & —f‘
27Vio Eﬂ’ Voo VO 1 I
Voo % g
PAC1934 System
ADDRSEL SM_CLK My:taer
SM_DATA >
GND SLOW
L PWRDN

Note: Vpp and Vpp /O may be connected together.
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PN Kaby Lake Modification to
mcroctr Read 12 Current Sensors

e R\ MicracHIP:

---------

The square hole fits over the heatsink on the
processor. The two pin terminals around the outside
are for the pairs of sense resistor wires.

- QENS are 4 channel PAC1934 devices
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@ 4 x 4 channels =Only 12
MICROCHIP Channels Used

11 FVRSXII]

A\ MicrocHIl

A\ 4
& /

|
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MICROCHIP

PAC1934 EMI Utility
(Energy Metering Interface)

A0 PACT93 EMI Utility

PAC device fist refresh

Erergy Metesng intedaces (EMI)  PAC davices and regisiers

PAC device kst

Wiharpitmeha 1930418
e Hirel Sl{}ﬁ!#
|\ ParpiBmeha'i G300 3E
WWhanpitmehp 1930848

PAC device count: 4
it ot T s e

- (] ¥
Exit
Metedng Reparts  Status and Configuration Registers
Repord Selector Display Farmat Selector
@ Current Values ) SLOW SnapshotValues ® Decimal Values ) HEX Values
CHY CH2 CH3 CH4
Device Registers Dievice Registers Davice Registers Device Registers
Vhus: | 1211 Vbus: | 1.208| Vbus: | 1.002| Vbus: 3330
Vaense I]_2?9| Vsense: | 0.353 Weanse: | _IZII.554| Vsense: 0119
Vhius AV | 1203 Vhus AVG | 1203)  VhusAVG 0898  VhusAVG | 3305
Vsense AVG [II'IB-'El Veense AVG [ 0183  WVsenseAva | 0476 Vsense AVG oM
POW: | 169039 | pow: | 223828  pow 7| eow | 138.030
Acc: | 25486.145) | Acc | 207053 A 456667.080)  Acc: | 44434977
Computed Computed | Computed z Computed i
lsense; ] 14?! lsense | 0194 Isense; D277 Isense 0060
ENERGY: | 29.964.428 185 000 ENERGY: | 284.965,431,909.000] ENERGY: [ 196.325.498,811.000 ENERGY: | 20,164.266.028.000
EMI enargy | 33.361.?25.!35.[‘0‘]] EMI enengy &?:%5.1-31.905‘.9%. EMI energy: | 196.925.438.811.000 EMI enargy: 2;!.}54.2_55.!}2!.&31:!
Sample Counters TIMESTAMP Measurement Units
ACC_COUNT 29,854 556281
2092| POWER. [mW  ~ Vbus [AVG] ¥ -
OVERFLOW
SOFT COUNT 3 ACT |T UPDATE PWRACC: [mW  ~ Vsense [AMG] my -
20| | LA o] ClEAR ENERGY: [pWh lsense: A -
Data refresh Rafresh with Accumulater RESET Auto Refrash EMI Charime! Names
REFRESH REFRESH G Peiind o) CH1:|[CPL_REMAINING_4 CH3: SYSTEM_2
REFRESH_V 10 r
] Resst Seft Accumuisions il - CHE | MAINMEM CH4: SYSTEM_3

Channal count: 13

rd

EMI count:

This Metering
Reports tab
lists all PAC
devices in the
system at
upper left.

Detailed
results are
shown for all
four channels
of the selected
devices.
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21



e\

Channel 1
Zoomed In

MICROCHIP
CH1
Device Registers
Vbus 1211| Py Vbus
Vsense: 0.279|
Vbus AVG | 1203| e \/sense
Vsense AVG 0 133@
POW- | 169.039| ® F)()\A/EBr
”‘;‘;m'w === o Accumulated Power
lsense. | 0140

ENERGY: | £9.964.429,185.000 |

EMI energy | 29.964.429 125000

Sample Counters

ACC_COUNT .
2.092|

SOFT COUNT

9.130.950|

e EMI Energy can be shown in a
windows PC OS

e Soft Count is an ongoing count of
samples after a refresh
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@ PAC1934 Energy Metering
Mlcg:l-up Interface Util ty

W
Channel3 v Isense v Channel3 v Total ENERGY v Th iS U ti | ity h aS
CPU _CORE_1 CPU CORE 1 .
= : versatile
2500 508 - SR )
2000 e f p|0tt| ng
g L g we | capabilities.
1000 —: 208 -
500 108
= i You can see
(= 0
77881 81006 84094 87282 = 904.63 = 935.¢ d " 81006 = 84094 = 87282 90463 = 935.8¢
794.43 825.75 857.19 888.5 920.07 825.75 857.19 888.5 920.07 th at p ower
Time (s) Time (s)
tracks Isense
Channel4 v Isense v Channel4 v POWER v
CPU_CORE_2 CPU_CORE_2 We”, but
- 2500
200 F : Energy tells a
- 2000 .
1500+ 2 a different
L 1500 -
< C = C
£ 1000 —4 E 0001 StO I’y
i \1 e /\M
0 - ] 1 1 ] I 1 | 1 L] | L} 0 : 1 T \ 1 |l | 1 L] 1 T L]
810.06 240.94 872.82 904.63 935.8¢ 210.06 240.94 872.82 904.63 935.8¢
794.43 825.75 857.19 888.5 920.07 825.75 857.19 888.5 920.07
Time (s) Time (s)
3 mchp1930#2

e You can see this tracks Isense well
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mw

CPU_CORE_2

2000 —

Energy
I\/Ieter?ng

1500 —

1000 -

500 -

810.06 £40.94 872.82 904.63 935.8¢

857.19
Time (s)

CPU_CORE_2

794.43 825.75 888.5 920.07

2500

2000

1500

1000 -

500 —

904.63 935.8¢
888.5 920.07

810.06
825.75

840.94
857.19

Time (s)

872.82

Utility

Z0O0OM Image

Tracks Isense
with power
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e\

MICROCHIP

~ Microsoft Power View
Single Application Use Data

Energyloss CPU Soc Display Disk Network MBB Otheg Emi Total {millijoules)
View 0 |oos780 [0 |924564 [s2402 42609 [0 o | 2045355 |
@ Log File [(errad x| [v] AppID ScreenOn On
eEreportistimated-H_J; ¥ j& v | | ALL __AI.L _"
A Tier2% A App Oc TimelnM Microwatts En  CPU ¢ Display Disk Netwo MBB Other* Emi i Total ]
SHHEEE| Mi| Microsoft ZuneVideo 10.1] 9| 540001| 1614871.08] 0] 835516 0 0| 36516 of o o of] 872032
\D| LogonUlexe 10| 599987| 830584.66] 0 100( 0f 498240 0 of o o o] 498340
sl Disp 1989 %[ cru 1.1 % | TR 8| 479991 77887294 of 4015 of 369837 0 of o 0 of] 373852
T SRR IDEEEEED | \O | svchost.exe [NetworkServi| 10| 599987| 27354093 0f 121861 0 0 1| 42259 0 0 ofl 164121
Sy | System 10[ 599987 6792647 of 3919 0 o] 36486 350 0 0 off 40755
[ 1.8% | DisP [94.9 %|| Disk | 4.9 % | Nl EIIEEEN 2| 119996 31073536 0O 611 0f 35403 1823 of o 0 off 3vae7
R IEEAEE| \0 | doublecmd.exe 2| 119996 132262.74] 0 840/ 0 12345| 2686 of o 0 off] 15871
\D | dwm.exe 20| 1199974] 122411 of 14614 O 0 75 of o 0 off 14689
[0.5 %[ Disp [80.7%]] cru To.2 % I e 10| 599987 15362] of  e46] of s3s7[ 14 of o o of| 9217
"/
e Consolidated essential data on the next slide
e WIN10 allows for isolating the power
consumed by key sources plus identified
energy metering interface (EMI)
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AN ~ Microsoft Power View
MICROCHIP Slngle Appllcatlon Use Data

e Power view

e Reports in millijoules

e CPU, SOC, display, disk, network, MBB, other, EMI
e Selected rows show total

e Listening to music on headphones, network being
assessed, and having the web open

Resource Disp Disk Ntwk | MBB | Othr | EMI Total
Application millijoules

System 995780 0 924564 824564 42609 0 0 2045355
ZuneVideo 835516 0 0 36516 0 0 0 0 872032
svchost 121861 0 0 0 42259 0 0 0 164121
Explorer 846 0 8357 14 0 0 0 0 9217
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@ Microsoft Power View

MICROCHIP

Apps Show EMI Utility Use

EnergylLoss CPU Soc Display Disk

Metwork MBB Othed Emi

Tatal (mi!lijaulﬂ]

i 0 | 2443536 |o_[1796150 [73297 |42690 [0 [0 ||5351616 |9707289
1_| Log File ﬂ v ApplD ScreenOn  OnBattery  Batteryoaver
e3report-paci934-10m v | | ALL ¥ AL ¥ | | ALL e
. -  e—
EE ‘. Tier1 % & Tier2 % A App Oc TimelnM Microwatts En CPU  Sc¢ Display Disk Netwo MBB Other Emi Total

AR YRR IBISEERED | vi| Microsoft. ZuneVideo_10.1| 10| 599995| 3424085.2] o] 2019467 o 0| 34967 of o o ol | 2054434

B EM| EMI_DISPLAY BACKLIGHT | 10{ 599995| 2993618.28] 0 of o 0 0 of o o] 1796156|| 1796156

s || emi [100%] "8 e | emi_cru_core 1 10| 599995| 1565836.38] 0 o o 0 0 of o ol 939404|| 939494

m \DLogonUl.exe 10| 599995| 1563169.69] 0 284 of 937610 0 of o o o] 937894

EN| EMI_CPU_CORE 2 10| 599995 14674489 0 of o 0 0 of o of ss0462(| 880462

\D [ Taskmgr.exe 9| 539991| 1515341.92| of 10047 of 808224 0 of o o of| s18271

EN| EMI_SYSTEM_1 10| 599995| 1168399.74] 0 of o 0 0 of o of 7o01034|] 701034

EN|EMI_CPU_REMAINING 3 | 10| 599995| 608023.4] 0 o o 0 0 of o o] 3e4811|| 364811

\D|svchost.exe [NetworkServi| 10| 599995| 545871.22] o 284843 0 0 o| 42668 0 0 o) 327520

e \We are now able to separate and read
the individual voltage rails on the EMI
(energy metering interface)
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AN ~ Microsoft Power View
MICROCHIP Slngle Appllcatlon Use Data

e Power view

e Selected rows now show measurements for the
e Display Backlight

e CPU Core 1
Resource SOC | Disp Disk | Ntwk | MBB | Othr | EMI Total
Application millijoules
System 2443536 1796150 73297 42690 0 5351616 9707289
ZuneVideo 2019467 0 0 34967 0 0 0 0 2054434
EMI_Display 0 0 0 0 0 0 0 1796156 1796156
_Backlight
EMI_CPU_Cor 0 0 0 0 0 0 0 939494 939494
e 1
svchost 284843 0 0 9 49668 0 0 0 327520
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N Accurate Knovv_led%e b%/
microciie SOftware Appllcatlon nabled

e The Kaby Lake modification uses sense
resistors and a power monitoring IC to measure
exact voltage rails

e A WIN10 driver and energy metering interface
communicates specified rails to the OS

e These voltage rail can now be seen by Microsoft
power view utility to report power by software
application
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N Take Aways

MICROCHIP

e Adding a power monitoring IC enhances our
ability to collect measurements and minimize
measurement error.

e If you use a power monitor with an
accumulator it enables you to see the energy
use by rail over time

The power monitoring system demonstrated by
this case study greatly enhanced visibility and
understanding of power/energy utilization in key
loads/subsystems.
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N Discussion/Q&A

MICROCHIP

e Thank you! Questions?
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