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@@“ Presentation Overview LBus

* The Idea of Zoned System Power
* The Infrastructure of Zones in PMBus

* The Implementation of Zones

— Zone Config
— Zone Active
— Zone Read
— Zone Write

— Examples
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-48 Volt

The Idea of Zoned System Power

[ Bus

Hot Swap Isolated +12 Volt
Controller DC-DC Supply Core Supply | AvSBus
PMBus Processor / ASIC
Boarcll Power hgj:;;v AR '
Hot Swap Isolated +3.3 Volt Manager
Controller DC-DC Supply J (PMBus Master)
I/O Supply
Standby
Supply eripheral .
P Su‘:)plv Peripheral
Large systems benefit greatly from the
standardization that PMBus offers in Core Sumply.
. . . Blrs = AVSBus
the ability to configure, communicate orocessor / ASIC
with and control system power. ey :
I/O Supply
eripheral .
P Su‘:)plv Peripheral
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Zone 1 — Board Power

The Idea of Zoned System Power

[ Bus

Zone 3 — Channel A

Hot Swap Isolated +12 Volt
Controller DC-DC Supply Core Supply | AvsHus
PMBus Processor / ASIC
| Memaory —
: Board Power Supply RYaQus !
| | HotSwap Isolated +3.3 Volt Manager
Controller DC-DC Supply (PMBus hﬁaster)
J /O Supply
Zone 2 = Standby T
A|WayS On il EE;:E;TJEI Peripheral
Zones enable the system to scale while
minimizing the additional overhead
. egn . . Core Suppl -
required for critical functions by allowing . paee
the system designer to partition the T Rl
system access into logical zones. Supply. | -AVSHus 2
These zones enable the PMBus Master /0 Supply
to configure, communicate and control all
. . Peripheral .

the slaves in each zone simultaneously. L Peripheral
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é@“ The Infrastructure of Zones PM@

* PMBus 1.3

— Version 1.3 (18 March 2014) introduced the Zone protocol
e Part 1 Section 5.6.3 (ZONE_READ and ZONE_WRITE protocols)
* Part Il Section 11.16 (ZONE_CONFIG and ZONE_ACTIVE commands

— Version 1.3.1 (13 March 2015*)clarified the Zone protocol.

* Additional verbiage greater clarity.
e« ZONE_CONFIG was simplified for consistency.

 SMBus 3.0 (20 December 2014%*)

— ZONE READ and ZONE WRITE were added to the address
space.

 ANOO1 - Using The ZONE_READ and ZONE_WRITE
Protocols (7 January 2016%*)

* Current releases
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éf"/’“ The Implementation of Zones

* Before a system can utilize the zone protocols:

— Every slave in the system must be configured as a
member of a zone for reading and a zone for
writing using the ZONE_CONFIG command.

7 11 8 1 8 1 8 1
s SLAVE wla ZONE_CONFIG A ASSIGNED A ASSIGNED Alp
ADDRESS COMMAND CODE WRITE ZONE READ ZONE

— All slaves must be notified as to which zone is
“active” using the ZONE_ACTIVE command.

7 11 8 1 8 1 8 1
s ZONE WRITE wla ZONE_ACTIVE A ACTIVE A ACTIVE aAlp
ADDRESS COMMAND CODE WRITE ZONE READ ZONE

©2016 System Management Interface Forum



LM System Management
intertace Forum

U Bus]

The Implementation of Zones -
Zone 1 — Board Power Zone 3 — Channel A
48 Volt Hot Swap Isolated +12 Volt
Controller DC-DC Supply Core Supply | AvsHus
PMBus Processor / ASIC
Memo
Boarcll Power SUWI? AT 1
| | HotSwap Isolated +3.3 Volt e
Controller DC-DC Supply (PMBus Master)
/O Supply
Zone 2 -
A|WayS On F‘ES‘TE;T‘IEI Peripheral
ZONE_CONFIG
An example of configuring the slave standby
. Core Suppl
supply that is located at PMBus address 34h. . paee
Processor / ASIC
7 1 1 8 1 8 1 8 1
|S| Devioe Address (34h)  [wr|A|  ZONE_CONFIG(07h)  [A| Assigned Write Zone (FEh) | A| Assigned Read Zone (02n) | A] P |
i
FEh is a special ‘No Zone’ which excludes ce
the slave from all zone operations. Supply -
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The Implementation of Zones -
Zone 1 — Board Power Zone 3 — Channel A
48 Vol Hot Swap Isolated +12 Volt
olt
Controller DC-DC Supply Core Supply | AvsHus
PMBus Processor / ASIC
| Memaory AUeH
Supply Yot 1
| | HotSwap isolated +3.3 Volt Bo;;dnzoger
Controller DC-DC Supply (PMBus hﬁaster)
J /O Supply
Zone 2 = Standby 1
5t T
A|WayS On g EE;:IF;F;TJEI Peripheral
ZONE_ACTIVE
An example of the active read zone to 2 and
. . Core Suppl .
the active write zone to 1. L e
Processor / ASIC
7 1 1 8 1 8 1 8 1
| S | ZONE WRITE Address (37h) [Wr| A| ~ ZONE_ACTIVE (08n) ~ [A|  ActiveWrite Zone (01h) ~ [A|  ActiveRead Zone (020)  [A [ P |
EE R
Pegi::;l;el;al Peripheral
Zone 4 — Channel B
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é@' The Implementation of Zones PM@

Zone 1 — Board Power Zone 3 — Channel A
48 Vol Hot Swap Isolated +12 Volt
olt )
Controller DC-DC Supply Core Supply | AvsHus
PMBus Processor / ASIC
| lfemal;y AVSHus 1
upp =
| | HotSwap isolated +3.3 Volt Bo;;dnzoger
Controller DC-DC Supply (PMBus hﬁaster)
/O Supply
Zone 2 r Standby 1
A|WayS On = FEE;E:;ZT‘;EI Peripheral
ZONE_ READ - Used to retrieve all information
in the active Read Zone in one transaction.
Core Supply | AvsHus

Start The Zone Read Operation With The Preamble:
7 1 1 8 1 8 1

| s | ZONE READ Address (28h) [Wr [ A| COMMAND CONTROL CODE | A'| STATUS MASK or COMMAND [ A |

Continue The Zone Read Operation By Getting Data, Address, And PAGE Number
From The First Device To Respond Without Losing Arbitration:
7 11 8 1 7 11 7 11

| 5r| ZONE READ Address (28h) [wr | A | STATUS or DATA |A| SLAVEADDRESS |1 |A| SLAVEPAGENUMBER |1 |A
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é@" The Implementation of Zones

ZONE_READ - The power of the Command Control Code

Command Confrol Code

AR|(ST|( DI |DS| X | X | X [ X

AR: All Respond

« AR =0 - All devices respond ONCE with their data and address, but
only one will win the bit-wise arbitration.

« AR =1 - All devices respond with their data and address to every
read to the ZONE_READ address (28h) until they are successful in
sending information to the system host or the host sends a STOP.

« ST: Status, governing whether status information or response to a PMBus
command is being requested.

« DI: Data Inversion, governing whether the bits in the returned data are bit-
wise inverted or not.

- DS: Data Swap/byte order, governing whether data bytes are returned in

the SMBus standard least significant byte first or with the most significant

byte first.

©2016 System Management Interface Forum
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... The Implementation of Zones <
Zone 1 — Board Power Zone 3 — Channel A
48 Volt Hot Swap Isolated +12 Volt
Controller DC-DC Supply Core Supply | AysHus
PMBus Processor / ASIC
Memon
Boarcll Power ,‘;ug];;l“ff AYSRus !
Hot Swap isolated +3.3 Volt Manager
T~ | Controller DC-DC Supply J (PMBus hﬁaster)
G Supply
Zone 2 - Standby T
Supply Peripheral .
A|WayS On Sl Peripheral
ZONE_WRITE - to send a PMBus command
and the associated data to all devices in the
. . . . Core Suppl :
Active Write Zone in one transaction. . e
Processor / ASIC
7 1 1 8 8 1
S | ZONE WRITE Address (37h) [Wr| A OPERATION (01h) DATA (80h) A|lP
B
Peripheral .
B Peripheral
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swi__ Example - Discovery P>

Zone 1 — Board Power Zone 3 — Channel A
48 Volt Hot Swap Isolated +12 Volt :
Controller DC-DC Supply Core Supaly | ayspus
PMBus Processor / ASIC
| Memory pope
Supply V5Hus 1
Hot Swap Isolated +3.3 Volt Bohanrd Power
[ - i anager
Controller DC-DCSupply 1 . .
Discover the address of all the zone capable devices in the system.
Start The Discovery Process By Setting The Active Read Zone To The All Zone (FFh)
7 1 1 8 1 8 1 8 1
| 5 | ZONE WRITE Address (37h) [wr| A| ~ ZONE_ACTIVE(08h) ~ [A|  Active Write Zone (FFn) [ A|  Active ReadZone (FFR) | A | P |
Use The ZONE_READ Command To Get The Address, Page Number, And Status Of All Zone Capable Devices
7 1 1 8 1 8 1
| S | ZONE READ Address (28h) |Wr [ A | COMMAND CONTROL CODE (Con) | A |~ STATUSMASK(FFh) | A
7 1 1 8 1 7 1 1
| Sr | ZONE READ Address (28) | R | A|  STATUS_WORD[15:8](00h) | A | SLAVEADDRESS (27h) [0 A
The host continues to issue repeated starts until there is no response.
7 1 1
| Sr | ZONE READ Address (28n) [R [N | P |
©2016 System Management Interface Forum 12
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Example — Turning on Channel A PMA@_

Zone 1 — Board Power Zone 3 — Channel A
48 Volt Hot Swap Isolated +12 Volt S
Controller DC-DC Supply Core Supsly | aysp
PMBus Processor / ASIC
Memory =
- l > Sl avsad 1
Hot Swap isolated +3.3 Volt ohanr ower
| = anager
Controller bC pply (PMBus Master)
/G Supply
Zone 2 - Standby T
St SRR
A|WayS On i Fe;:g;;di Peripheral
Set The Active Write Zone To Channel A (Zone 3 (03h))
7 1 1 8 1 8 1 8 1
| 5 [ZONE WRITE Adaress (37h) [wr| A | zonE_acTivE(osh)  [A|  Actvewrite Zone(03n)  |A|  ActveReadzone(FFh)  [A | P |
Use The ZONE_WRITE Command To Set OPERATION to 80h For All Devices In The Active Zone
7 11 8 1 8 1
| 5 | ZONE WRITE Address (37h) | wr [ A | OPERATION (01h) | A DATA (80h) P |
: Cse;zv;;al Peripheral
Power On Sequencing Begins With The STOP
9 g beg Zone 4 — Channel B
©2016 System Management Interface Forum 13



é@' Example — Finding the Hottest PM@ |

Zonel-B Zone 3 — Channel A
+12 Volt
48 Volt Hot Swap | [9530 :
Controller D S uNaly Core Supaly | ayspus
PMBus Processor / ASIC
| Memory peges:
Supply V5Hus 1

Hot Swap Isolated +3.3 Volt Bohanrd Power

T | Controlier DC-DC Supply e
: - 2uUPPlY (PMBus Master)
O Supply
=~ S—
Start The Process By Setting The Active Read Zone To The All Zone (FFh)

7 1 1 8 1 8 1 8 1

S | ZONE WRITE Address (37h) [Wr | A ZONE_ACTIVE (08h A Active Write Zone (FFh A Active Read Zone (FFh AP
|

ZONE_READ with CCC set to AR=0;ST=0;DI=1;DS=1 and Issuing READ_TEMPERATURE_1

7 1 1 8 1 8 1
| S | ZONE READ Address (28h) |Wr | A | COMMAND CONTROL CODE (300) [ A | oypie commnconcioon | A

Read Back The Temperature And Address Of The Highest Temperature in the System

7 1 1 8 1 8 1

|Sr| ZONE READ Address (28h) | R | A | READ_TEMPERATURE_1[15:8] (15h) | A | READ_TEMPERATURE_1[7:0] (07h) | A

LN ]

7 1 1 8 1
| SLAVEADDRESS (36h) | 1| A | SLAVEPAGE NUMBER(00) | A | P |

©2016 System Management Interface Forum 14
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.. Example — Finding A Specific FaultPMD

Zone 1 — Board Power Zone 3 — Channel A
48 Volt Hot Sw‘z‘mp Isolated +12 Volt
Controller DC-DC Suppiy Core Supply | avsHus
PMBus Processor / ASIC
| Memory
AVSHus
Supply 1
Hot Swap Isolated +3.3 Volt Bolalrd Power
T roller DC-DC Supply e
el (PMBus Master)
/O Supply
Zone 2 - S’[andby - h
Supply T
A|WayS On I iz;ﬁal Peripheral
|
Checking for a Power Good Fault
Assuming the ZONE_READ is set to Channel A (Zone 3 (03h), Start the Zone Read operation
masking all but the OFF bit in STATUS_BYTE e Supply | nvsr
us
7 11 8 1 8
| S | ZONE READ Address (28h) |Wr| A | COMMAND CONTROL CODE (Foh) [ A| ~ STATUS MASK (BFh) A Processor / ASIC
*** Wemory
During the data return the Peripheral Supply (27h) in Zone 3 wins the arbitration Supply AR 2
7 171 8 1 7 1 1
| 5| ZONE READ Address (28h) [ R [A ] eiibue it | A | SLAVEADDRESS (27h) [0 A . b supply
During the next data read all data bits are 1 so the master knows there are no more devices with bits
set in the STATUS_BYTE so it ends the Zone Read with a STOP condition e
i Peripheral
; 11 8 1 7 1 1 Supply
| 5r | ZONE READ Adaress (28h) [ R [A ] | okiea ke | A | SLAVEADDRESS(38h) [0 [ A |P|

PanneIB

©2016 System Management Interface Forum




@@“ More Information 2 Bus

* PMBus™ Power System Management Protocol, Parts | & II,
Command Language, System Management Interface Forum,
Revision 1.3.1, March 2015. Available at PMBus.org

* System Management Bus (SMBus) Specification, System
Management Interface Forum, Version 3.0, 21 December
2014. Available at PMBus.org

* |°C-bus specification and user manual, Revision 6, NXP
Semiconductors, April 2014

 PMBus Application Note ANOO1 - Using The ZONE_READ and
ZONE_WRITE Protocols, January 2016. Available at
PMBus.org

* APEC 2016 Professional Education Seminar, PMBus: Review
and New Capabilities Session presented by Robert White,
Embedded Power Labs
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Special thanks to the members of the PMBus Specification Working
Group and their work to evolve the PMBus interface.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2016, Texas Instruments Incorporated
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