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Changing the Power Management
Ecosystem

e Going Digital

— We would not do justice just comparing
technical differences between Digital &
Analog Solutions

— Question is not only “ can Digital do it better
than analog” but “what are the possibilities
beyond power conversion and management”?

wows primarir n.



Digital Power Management Ecosystem

Customer
/ Service \

Monitoring
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Misconceptions about Digital Power

* Digital Introduces too much complexity
— Not true

— Analog solutions involve multiple layers to deal with power conversion,
communications interface and management. Digital solutions
compress all layers into single chip to simplify the design.

— Programming doesn’t mean coding but simply dealing with a wizard
driver GUI to get all system-level benefits.

 Digital is Cost-Prohibitive
— Not true

— Delivers lower BOM cost compared to existing analog solutions where
system communications and multi-rails required.

— Eliminates expensive additional sequencer/Power Manager ICs.
* Not field proven
— Not true

— Primarion® alone has millions of digital controllers in the field via major
OEM systems with zero field failures.




What is DPM?

e Digital implementation of traditional analog
functions into a dense mixed signal CMOS digital
control device

* DPM takes advantage of high volume, low cost
standard CMOS process technology to deliver a
cost effective VR solution

* DPM extends monitoring and control capabilities
through a serial link to the power supply,
processor, and other system components

* DPM design is made simple and flexible through
a suite of “user friendly” software tools




Digital Trends for Power Management

12C communication bus definition - ex. PMBus™

Each CMOS process improvement step can give 2x
real-estate reduction

Functionality doubles at approximately same cost

Future digital power management will take
advantage of low cost high volume CMOS process

System costs with digital power management will
continue downward

primaricn.



System Power Management Requirements

System power management complexity continues to increase

— Up to 16 POL modules on system board required in various
applications.

— Timing, delays, sequencing, tracking, hot swap functionality
Optimized power consumption at system level

— ldle modes- Management of power to meet Green Power
requirements

Need for seamless interaction with the system CPU
— Communication of faults to system
— Fault reporting of each power device
— Communication with other power devices and load IC

— Reporting of voltage, power, current, temperature parameters to
system

Diagnostics- Anticipation of faults, monitoring and correcting
parameter drifts

High Transient load environments- smaller windows of deviation




Analog and Digital Difference?

 Today's PWM controllers:

— First process signals in the analog domain and then
process PWM logic in the digital domain.

— Process internal information externally by digitizing
signals with another device or add on digital wrappers

— Increased solution cost

e True digital controllers:
— Convert signals immediately into the digital domain
— The digitized signals are placed into registers
— All subsequent signal processing is done digitally
— Information can be directly communicated to the system
— Lower solution cost

primaricn.



Digital Power Management

Since all information Is digitized:

One can multiply, divide, filter, compensate, compare,
calibrate, store and communicate each piece of information

12C flexibility built in- PMBus™, SST, Future Bus choices
easily adapted

Specific algorithms define total functionality for power device

Asynchronous and non-linear control loop algorithms can be
easily implemented for optimal fast transient response or
advance functions

Digital power management can enable system
communication and control of power delivery to the load IC

primaricn.



True Digital implementation

* Provides design Flexibility

— Compensation can be optimized for each rail’s
capacitance and inductance

— All design parameters are programmable
— No discrete components for design implementation
— Component calibration and drift monitoring

* Provides Personalization for each power stage
— Each rail can be uniguely defined for its requirements
— One chip can provide multi-faceted design options
— Full telemetry of power stage is available to system
— Full custom programmability with one standard part

primaricn.



Value Positioning :
vs UC+DSP : All needed features at much lower cost
vs analog+add ons (“digital wrapper”) : Major system gains with no extra cost

Full firmware
programming
D |

\DSP/uContro j

OMBUS Digital )
interface Wrappers

|2C serial
interface +a/d

Traditional
analog PWM

Features
and price

$2.00 > | $2.50 > | $3.00 > EECRE0 N N[0
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Driving the Conversion
to Digital Control

e Change the adoption question for customers . . .

From :

- What premium will you pay for Slow, Selective
the system advantages of Conversion

Digital ?

To:
- For the same solution cost as
Analog, why not realize the

system benefits of Digital ?
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Di-POL™ Product Family

Di-POL = Digital integrated Point of Load

 All-digital, low-cost POL power IC with On-Chip NVM:

— Single chip delivering power conversion + power
management

— Programmabillity for total flexibility - configure key power
supply parameters

— PMBus™ compliance and broad support
— Competitive pricing compared with analog solutions

e PX7510 single-phase controller
e PX7520 dual-phase controller —increased power, multi-phase support

primaricn.



Di-POL™ PX7510

Functional Block Diagram

SYNC_IN
VBG_EXT
FSET
VSET
VTRIM
VSENP
VSEMNMN
V125EN

TEMPSEN
ISENP

ISENM
IMAXSET

SCLK
SDATA
SADDR

RESET_N

OUTEM

-
- Reference
&
™ Oscillator | DAC
Voltage \ l
Sense
. PID/PWM
Temp ol MUX ADC Controller
Sense
Current I
Sense /
Non-Volatile Memory l i l
Fault
3 Handler
- State Machine

[ SYNC_OUT

1 IOUTNSH
[ ISH_GND

] P

| |VCC
1 VD33
1 VD25

[ ] SMB_AL_N
[ | FAULTY
|| FAULT2

|| PWRGD




+5Vto +12V O

Basic Buck Circuit Block

+5V O

R1

ANNN—®

O=p
PMBus I/F | O—»
O

Power
Management
I/F

Multiphase
Operation

Fault
Outputs

I-share

SDATA V12SEN
SCLK vce
SMB_ALRT_N
PX7510
PWRGD GND
OUTEN
PWM
SYNC_IN
SYNC_OUT  TEMPSEN
ISENN
FAULT1 ISENP
FAULT2 VSENP
VSENN
IOUT/ISH SADDR
ISH_GND VSET
FSET
VTRIM
IMAXSET

w—j)| -
R2 IE
ﬂ_ \—E UGATE ~ PHASE B VOUT
B [2]BooT EN[7}——9 * —1{ 1
[3]Pwm vee [6l—— > L/\é\é\,ﬂ%}—o
_L_—EGND LGATEE'ml_{ cB
— LOAD
RIS\EG\SIE
—e
AA RTN =
—VWA—e . .
s Very Few Parts - Driver, FETS, inductor
—A\W—¢ : .
] capamtorsz snubbers and current sense:
- enable high density power solutions
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PMBus™ Compliant 30A POL Solution

« PMBus™ serial interface
— Query V, |, T telemetry & faults
— Tracking, sequencing and
margining
— Override hardwired settings
— Fault levels and responses

Programmable Fault
Management

—  Output under/over-voltage

—  Output over-current

— Input under/over-voltage

— Temperature fault & warning
— Communication

Di-POL PX7510

— Single 5V supply

— 150 KHz to 2Mhz switching
— On-chip NVM

— Digital Control Loop

— Auto calibration upon startup
— Frequency Synchronization
— Current Sharing

o Telemetry (Reads)

Voltage, Current, Temperature
Duty Cycle, Frequency
PMBus revision

MFR ID, Model, Rev, Location

primaricn.




Di-POL™ PX75xx Software GUI
Focus on “Ease of Use” & Flexibility

Input system parameters: Vout, Scale
Factor, # phases, bus address etc by
1 rail

‘ Configuration Wizard ‘

Tracking & Sequence | Inputton delay & rise, toff mode, delay
Control & fall time. Graph V vs. time by POL

1 Input Fswitch, L & C, load model
BW, Gain & Phase Margin optimizer
Graph Gain & Phase vs. Freq

Set System Faults & Behavior
Temp, Current sense etc settings
Readout V, |, Fault status
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PowerCode GUI

Real-time Telemetry and
Easy-to-Use Pop-Up Windows

Main Page

PowerCode 7510 Configuration: [Rail: Rail #1)
File View Help . . . )
= Operation On/Off Canfiguration Information
Ii'|H|E'|H| e _E'_|9*|Jﬁ ie ®| i G|§]-| .|IZ| Immediate Off * Shutdowns are High-2 Mfr 10 Fi,
" Programmed Shutdowns
= E%201-001 ppt Lrog
G App Turn On W aveforms Turn Off W aveforms | Soft Off Mfr Madel: 7a
= e f* OUTEM is Active High
Bail #1 Yaut On i
= Ll H . 4 " OUTEM is &ctive Low Mfr Revision; |4&
Taf3-EE ) TR | Fm e - Margin Low [Act on Faults)
2of3-EC Htarain Low 1 — {* OUTEM & OPERATION Mir Location: |L
Jof 3-EA i i | argin Low (Ignore Faults) " Power-up on Yin good
= Group B 20 b ] Lo b argin High [Act on Faults) - UL Mfr D ate: 0508
5 ° . X ' gnhore Bl
=[] Rail #2 ] . : argin High [I Fault jal:
1of1-FO voul : / ; ; argin High llgnore Faults) ™ lgnare Ond0f of OPERATION || MfrSerial |00
out; . | i
1.00% - PrMBus Few. 1.1
0,00y _ _. _______________________ T _________________________ i___ Wit | Close |
Oms alms 100ms
Time after DUTEM toagles state:
Rail I nFarrnation: Telemetry Data (Device: ee) E|E|

Hame: Addiezs. Phazing:
Group Hame: ’ﬁi |'| of 3 |EE |U Dty Cycle: ’2?7 S
RailName:  [Fail#l [2of3 [EC |0 e 383 KHz
Valtage V) ]W ECER IEE Yin: ]W Vv
Scale Loop;  [1.0 - Yoyt ’W Y
lout: 15 &
| irite | Interal Temp: 25 T

External Temp: 40 T
Off Line Earini, Sl o OUTEM
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Loop Simulation Tool and Stability Optimization

100
a0 150
2D 100
40
50
20
o %
o e = = =
ca 0 g Loop Settings: (Rail: Rail #1)
@ &
20 PID Filter Parameters
50 o _
43 P [ooo7e g a5 Loop Gain [dE): 10472
1st Zero [KHz): 253
-100 X
&0 9 2nd Zem (KHz): | 27.86
gl L= yu} Z) i
|= |0.00073 :lj a0
80 150 = 13t Pole [KHz): Inteq. at DC
00 kd 2nd Pale [KHz): 21.27
10 100 000 10000 100000 1000000 =
D= |0.08250 :I. 20
Load model Compenzator parameters Other parameters =
F1. mOhms | 7.50 L1.nH |300.0 Kp |0.02344 0.0 15t pole, Hz Fsw, KHz [574.0 Kfd
e
i = |0.780 =1 12
R2, mOhms | 0.75 C1.uF 133600 Ki |o.oo037 1218 2ndpole, KHz Bl i ’W Kfd =
0.8
R3. mOhms | 010 L2.wH | 1.0 kd (0125 " 1st Zero, KHz Vinoff. v | 8.5 AP Filter
R4, mOhms | 0.00 C2,ufF | 0.0 Kid |0.750 J £8.1 2nd Zera, KHz KFE AP AP Pole (KHz): |44051283.9
: 18 =
R5, mOhms | 0.00 L3.nH | 00O RBe+006 Gain @1 Hz, VY =" AVP Gain & F/2 [dB): |45.67
RE, mOhms | 0.00 C3,uF | 5400
R7, mOhms | 0.00 cauf | 00 * Real zeioes Hode Rkt wite | Clase
(" Complex zeroes
Re, mOhms [80.00 F
PID & PWM = T - L2 - P
Verr —#=] Ki, Ke, Ko, Ken WW 1 1 > VOUT
c1 c2 C3 c4
RE
R2 R4 R6 RT
primarin. + + + 1
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System Implementation

System System
Management Supervisor
12 volt Bus
Local Control Bus (i.e. PMBuUS)
............. .> — - = = = = .>
.............. .>

POL POL POL POL POL POL POL POL
1v 3.3V 1.8V 5.0V 1.8V 1.2V 1.5V 1.2V
‘Chipl\ ‘Chipz\ ‘ChipS\ ‘Chip4\ ‘ChipS\ ‘Chip6\ ‘Chip?\ ‘ChipN\

Digital Systems Tomorrow
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Summary

* True Digital Solutions for today’s Computing &
Communications Systems offer many
advantages not available economically with
traditional analog solutions

* There are Digital solutions which are simple,
easier to implement and already field proven

* Digital power management has the scalability
and flexibility to innovate future system
solutions

primaricn.
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