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1

Applications

1.1 Introduction and Terminology
This document defines the DC-to-DC converters to meet the processor power
requirements of the following platforms:
Table 1-1. VRM/EVRD 11.1 Supported Platforms and Processors
Intel® Xeon® 5500 Platforms
Intel® Xeon® Processor 5500 Series Intel Xeon Processor 5500 Series Intel Xeon Processor 5500 Series
Performance WS Processor 130W Performance Proc 95W Volume Performance Processor 80W

Processor 60W

Intel Xeon Processor 5500 Series Ultra Dense |Intel Xeon Processor 5500 Series

Processor 38W

Voltage Regulator Module (VRM) and Enterprise Voltage Regulator-Down (EVRD) 11.1 Design Guidelines

Some requirements will vary according to the needs of different computer systems and
processors. The intent of this document is to define the electrical, thermal and
mechanical design specifications for VRM/EVRD 11.1.

VRM — The voltage regulator module (VRM) designation in this document refers to a
voltage regulator that is plugged into a baseboard via a connector or soldered in with
signal and power leads, where the baseboard is designed to support more than one
processor. VRM output requirements in this document are intended to match the needs
of a set of microprocessors.

EVRD — The enterprise voltage regulator down (EVRD) designation in this document
refers to a voltage regulator that is permanently embedded on a baseboard. The EVRD
output requirements in this document are intended to match the needs of a set of
microprocessors. EVRD designs are only required to meet the specifications of a
specific baseboard and thus must meet the specifications of all the processors
supported by that baseboard.

‘1’ — In this document, refers to a high voltage level (Voy and Vy).
‘0’ — In this document, refers to a low voltage level (Vg and V,).
‘X’ — In this document, refers to a high or low voltage level (Don’t Care).

‘#’ — Symbol after a signal name in this document, refers to an active low signal,
indicating that a signal is in the asserted state when driven to a logic low level.

The specification in the respective processors’ Electrical, Mechanical, and Thermal
Specifications (EMTS) documents always take precedence over the data provided in
this document.

VRM/EVRD 11.1 incorporates functional changes from prior VRM/EVRD 11.0 design
guidelines:
= Enhanced power-on sequence

= Support only for VR 11.0 VID 8-bit table and 6.25 mV resolution with a 0.5 V to
1.6 V VID range

Fixed Load Line at 0.8 mQ)

Several new 1/0 signals — introduced
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e LL_ID, VR_ID# and VID_Select — signals eliminated
= Faster dVID spec.

Table 1-2. Guideline Categories

Guideline Categories

An essential feature of the design that must be supported to ensure correct

REQUIRED: processor and VRM/EVRD functionality.

A feature to ensure correct VRM/EVRD and processor functionality that can be
. supported using an alternate solution. The feature is necessary for consistency

EXPECTED: > . i, o

among system and power designs and is traditionally modified only for custom

(Recommended) configurations. The feature may be modified or expanded by system OEMs, if the
intended functionality is fully supported.
PROPOSED: A feature that adds optional functionality to the VRM/EVRD and therefore is included
(Optional) as a design target. May be specified or expanded by a system OEMs.

8

8 Voltage Regulator Module (VRM) and Enterprise Voltage Regulator-Down (EVRD) 11.1 Design Guidelines



[ ] ®
Output Voltage Requirements l n tel

2

Output Voltage Requirements

2.1

Note:

Voltage Regulator Module (VRM) and Enterprise Voltage Regulator-Down (EVRD) 11.1 Design Guidelines

Voltage and Current — REQUIRED

There will be independently selectable voltage identification (VID) codes for this VR.
The VID code is provided by the processor to the VRM/EVRDs, which will determine a
reference output voltage, as described in Section 5.3. The VR 11.1 controller will
support one 8-bit VR11.0 linear table ranging from 0.03125 V to 1.6 V (usable range
0.5 V-1.6V). Therefore, each applicable processor will use all 8-bit VIDs.

The load line tolerance in Section 2.2 shows the relationship between Vcc and Icc at the
die of the processor.

The VRM/EVRD 11.1 may be required to support a load up to the extent of the following
(generic) limits:

= A maximum continuous load current (lcctpc) of 130 A.
= A maximum load current (lccmax) of 150 A peak.

= A maximum load current step (ICCSTEP) of 120 A (the exact number may be
larger, it will be verified after power-on)

= A maximum current slew rate (dICC/dt) of 300 A/us at the lands of the processor.

Each VR11.1 compatible processor may and often does impose lower load
limits, see Table 2-1 for the actual requirements, which are a subset of the
above generic requirements.

The continuous load current (IccTbc) can also be referred to as the Thermal Design
Current (TDC). It is the sustained DC equivalent current that the processor is capable
of drawing indefinitely and defines the current that is used for the voltage regulator
temperature assessment. At TDC, switching FETs may reach maximum allowed
temperatures and may heat the baseboard layers and neighboring components. The
envelope of the system operating conditions, establishes actual component and
baseboard temperatures. This includes voltage regulator layout, processor fan
selection, ambient temperature, chassis configuration, and so on. To avoid heat related
failures, baseboards should be validated for thermal compliance under the envelope of
the system’s operating conditions. It is proposed that voltage regulator thermal
protection be implemented for all designs (Section 6.2).

The maximum load current (IcCMAX) represents the maximum peak current that the
processor is capable of drawing. It is the maximum current the VRM/EVRD must be
electrically designed to support without tripping any protection circuitry.

The maximum step load current (IccStep) is the maximum dynamic step load that the
processor is expected to impose on its Vcc power rail within the lccmin and lccmax
range, where the lccmin is the processor’'s minimum load, constituted by its leakage
current.

The amount of time required by the VR to supply current to the processor is dependent
on the processor’s operational activity. As previously mentioned, the processor is
capable of drawing lcctpc indefinitely; therefore, the VR must be able to supply
(Icctpe) indefinitely. Refer to Figure 2-1 for the time durations required by the VR to
supply current for various processor loads.
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It is expected that the maximum load current (Iccmax) can be drawn for periods up to
10 ms. Further, it is expected that the load current averaged over a period of

100 seconds or greater, will be equal to or less than the thermal design current
(lccTtDe).

Figure 2-1. VRM/EVRD 11.1 Load Current versus Time
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Table 2-1 shows the Icc guidelines for any flexible motherboard (FMB) frequencies
supported by the VRM/EVRD 11.1 in Table 1-1. For designers who choose to design
their VR thermal solution to the IccTbc current, it is recommended that voltage
regulator thermal protection circuitry be implemented (see Section 6.2).

Table 2-1. Icc Guidelines
ICCTDC ICCMAX ICC STEP

Processor (Vcore) (Atdc) (Apk) Max (App) Notes
Intel Xeon Processor 5500 Series 110 150 97
Intel Xeon Processor 5500 Series 95W SKU 85 120 81
Intel Xeon Processor 5500 Series 70 100 72 1-4
Intel Xeon Processor 5500 Series 60 80 59
Intel Xeon Processor 5500 Series 25 40 26

Notes:

1. The values shown are either pre-silicon estimates or the latest known values and are subject to update.
See the respective Processor’s Electrical, Mechanical, and Thermal Specifications (EMTS) for the latest
IccTDC and IccMAX specifications.

FMB = Planned Flexible Mother Board guideline for processor end-of-life.

Voltage regulator thermal protection circuitry should not trip for load currents greater than ICCTDC.

For platforms designed to support several processors, the highest current value should be used.

rown

2.1.1 Max Load Step Size as function of Load Step Repetition
Rate

Based on live platform measurements, while running a majority of publicly available

power stress SW applications, the following maximum step load size vs. step load rep
rate relationship was developed for the VR11.1 bench validation.

10 Voltage Regulator Module (VRM) and Enterprise Voltage Regulator-Down (EVRD) 11.1 Design Guidelines
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Table 2-2. Vcc Load Step Size vs. Rep Rate

Rep Rate (RR) Step Size Notes
< 50 kHz 100%0 VR test Min Rep Rate ~ 300Hz
50 kHz < RR < 200 kHz (50kHz/RR)*100%0 RR in kHz
2200 kHz 25% VR test Max Rep Rate — 1MHz

The 100% Load Step Size corresponds to the lccStep Max in Table 2-1.

Figure 2-2. Vcc Load step size vs load step rep rate graph

100% . ——
90% 4
809 /
70% 50kHz, 100%

60% -

50%

40%

30%

20% 4 /

200kHz, 25%

Load Step Size - Normalized

10%
1,000 10,000 100,000 1,000,000
Load Step Rep Rate (Hz)
Note: Based on the available platform measurement data, this updated Max Step Load size

vs. Load Step Rep Rate relationship applies to VR11.1 for CPU Vcore applications only,
unless stated otherwise in the related Platform Design Guide (PDG).

Voltage Regulator Module (VRM) and Enterprise Voltage Regulator-Down (EVRD) 11.1 Design Guidelines 11
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Load Line Definitions — REQUIRED

To ensure processor reliability and performance, platform DC and AC transient voltage
regulation must be contained within the Vccmin and the Vccmax die load line
boundaries, except for short burst transients above the Vccmax as specified in

Section 2.4. Die load line compliance must be guaranteed across 3-sigma component
manufacturing tolerances, thermal variation and age degradation. The following load
line contains static and transient voltage regulation data as well as maximum and
minimum voltage levels. It is required that the regulator’s positive and negative
differential remote sense pins be connected to both the Vcc_SeENSE, VSS_SENSE, pin pair
of the processor socket, see Figure 5-1. The prefix Vcc is designated for the positive
remote sense signal and the Vss prefix for the negative remote sense signal.

The upper and lower load lines represent the allowable range of voltages that must be
presented to the processor. The voltage must always stay within these boundaries for
proper operation of the processor. Operating above the Vccmax load line limit will result
in higher processor operating temperature, which may result in damage or a reduced
processor lifespan. Processor temperature rise from higher functional voltages may
lead to dynamic operation to low power states, which directly reduces processor
performance. Operating below the VccMmiN load line limit will result in minimum voltage
violations, which will result in reduced processor performance, system lock up, “blue
screens” or data corruption.

For load line validation information, please refer to the LGA1366 Voltage Test Tool
User’s Guide.

Figure 2-3 and Figure 2-4 shows the load line voltage offsets and current levels based
on the VID specifications for this VR regulator.

Voltage Regulator Module (VRM) and Enterprise Voltage Regulator-Down (EVRD) 11.1 Design Guidelines



[ ] ®
Output Voltage Requirements l n tel

Figure 2-3. Normalized 0.8 mOhm / 150 A Load Line with +0/-30 mVdc Tolerance Band —
Example

0.00
-0.01 1
-0.02 1
-0.03 4
-0.04 -
-0.05 -1
-0.06 1
-0.07 1
-0.08 -1
-0.09 -
-0.10 -1
-0.11 -
-0.12 1
-0.13 -1
-0.14 1
-0.15 -1
-0.16

(Offset fom VID)

Vcc normalized droop (V)

0.8 mOhm Load Line

Notes:
1. See Section 2.3 for the output voltage tolerance.
2.  When the processors are not present, the OUTEN will not assert, as shown in Figure 2-6.

The Min / Max Load Line equations are:
VcecMax = VID (V) — 0.8 mQ = lcc (A)
VecTyp = VID (V) — 0.8 mQ * Icc (A) — 15 mV

VeeMin = VID (V) — 0.8 mQ = lcc (A) — 30 mV

2.3 Output Voltage Tolerance — REQUIRED

The voltage ranges shown in Section 2.2 include the following tolerances:

« Total DC set point error (DAC set point +Error Amp +Rem Sense buffer amp, if
applicable), typical 10 mVp-p output ripple and noise, over full ambient temp
range and warm up, component aging effect, no-load offset centering error, lot to
lot variation.

= Initial DC output voltage set-point error.

Voltage Regulator Module (VRM) and Enterprise Voltage Regulator-Down (EVRD) 11.1 Design Guidelines 13
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= Dynamic output changes from minimum-to-maximum and maximum-to-minimum
load should be measured at the point of regulation. When measuring the response
of the die voltage to dynamic loads, use the Vcc_DIE_SENSE and VSS_DIE_SENSE pins
on the processor socket with an oscilloscope set to a DC to 20-100 MHz bandwidth
limit (whichever is available) and with probes that are 1.5 pF maximum and 1 MQ
minimum impedance.

= Variations of the input voltage.

Regardless of the DAC tolerance, the Load Line tolerance budget cannot be violated at
any VID setting and the DAC output must be monotonic.

See the VR11.1 PWM Specification, Revision 1.0 for the PWM IC requirements.

2.4 Processor VCC Max Allowed Overshoot —
REQUIRED
The VRM/EVRD 11.1 is permitted short transient overshoot events where Vcc exceeds
the VID voltage when transitioning from a high-to-low current load condition
(Figure 2-4). This overshoot cannot exceed VID + VOS_MAX. The overshoot duration,
which is the time that the overshoot can remain above VID, cannot exceed TOS MAX.
These specifications apply to the processor die voltage as measured across the remote
sense points and should be taken with the oscilloscope bandwidth setting limited to
20 MHz or 100 MHz, depending what is supported by your particular scope (with
20 MHz preference).
= VOS_MAX = Maximum overshoot voltage above VID = 50 mV
e TOS_MAX = Maximum overshoot time duration above VID = 25 ps
Figure 2-4. Processor Vcc Overshoot Example Waveform
VOS
VID + 0.050
o Val
(=)
i/ N
o
>
VID - 0.000 I \ /
' |/
/ y,
\ / N
vV
TOS
0 5 10 15 20 25
Time [us]
Tos: Overshoot time above VID
Vos: Overshoot voltage above VID
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2.5

Impedance versus Frequency — EXPECTED

Vcc power delivery designs can be susceptible to resonance phenomena capable of
creating droop amplitudes that violate the load line specification. This is due to the
frequency varied PCB, output decoupling and socket impedances from the power plane
layout structures. Furthermore, these resonances may not be detected through
standard time domain validation and require engineering analysis to identify and
resolve.

Impedance versus Frequency, Z(f) performance simulations of the power delivery
network is a strongly recommended method to identify and resolve these impedances,
in addition to meeting the time domain load line in Section 2.2 and Section 2.3. The
decoupling selection needs to be analyzed to ensure that the impedance of the
decoupling is below the load line target up to the FBrReak (2 MHz) frequency as defined
in Figure 2-5. Frequency domain load line and overshoot compliance is expected across
the O Hz to FBrReak bandwidth. The power delivery frequency response is largely
dependent upon the selection of the bulk capacitors, ceramic capacitors, power plane
routing and the tuning of the PWM controller’s feedback network. This analysis can be
done with LGA1366_VRTT tool impedance testing or through power delivery simulation
if the designer can extract the parasitic resistance and inductance of the power planes
on the motherboard along with good models for the decoupling capacitors.

Measured power delivery impedance should be within the tolerance band shown in
Figure 2-5. The tolerance band is defined for the VRTT impedance measurement only.
For load line compliance, time domain validation is required and the VR tolerance band
must be met at all times. Above 500 kHz, the minimum impedance tolerance is not
defined and is determined by the MLCC capacitors required to get the ESL low enough
to meet the load line impedance target of the FBReAK frequency. At 700 kHz, the Zmax
tolerance drops to the load line target impedance. Any resonance point that is above
the Zmax line needs to be carefully evaluated with the time domain method by applying
transient loads at that frequency and looking for VMAX or VMIN violations. Maintaining
the impedance profile up to FBREAK is important to ensure the package level decoupling
properly matches the motherboard impedance. After FBReAk, the impedance
measurement is permitted to rise at an inductive slope. The motherboard VR designer
does not need to design for frequencies over FBREAK as the Intel Microprocessor
package decoupling takes over in the region above FBREAK.

Each of these design elements should be fully evaluated to create a cost optimized
solution, capable of satisfying the processor requirements. Experimental procedures for
measuring the Z(f) profile will be included in near future in the next revision of the
EVRD_VRM11_1 LL_dVID LGA1366_VRTT Tester-UG.pdf test methodology user’s guide
using the LGA1366 VRTT. Additional background information regarding the theory of
operation is provided in Appendix A.
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Figure 2-5. Power Distribution Impedance versus Frequency
Q Zone 1 Zone 2
A PWM Droop control Output Filter
& compensation BW Bulk & MLCC
Z L Max
Ztarget=2Z._ | Zone 3
7 : = : Inductive effects
LL Min I ' ! MLCC ESL +
! i | Socket
| |
! I |
! : l
: Lo |
| | | |
| | ! !
: — . > Hz
VR BW 1 Foreax
1
|
500 kHz |
]
700 kHz
Notes:
1. Zone 1 is defined by the VR closed loop compensation bandwidth (VR BW) of the voltage regulator.
Typically 30-40 kHz for a 300 kHz voltage regulator design
2. Zones 2 & 3 are defined by the output filter capacitors and interconnect parasitic resistance and
inductance. The tolerance is relaxed over 500 kHz allowing the VR designer freedom to select output filter
capacitors. The goal is to keep Z(f) below ZLL up to Fereak (2 MHz) and as flat as practical, by selection of
bulk cap values, type and quantity of MLCC capacitors. The ideal impedance would be between Z.L and
Zimin, but this may not be achieved with standard decoupling capacitors.
3. See Section 2.5 and Table 2-3, Impedance Measurement parameters and definitions
Table 2-3. Impedance Measurement Parameters
Processor, Vcore VR zt ZiLmax? Ziwine Fbreak Notes
Intel Xeon Processor 5500 Series 0.8 mQ 1.0 mQ 0.6 mQ
Intel Xeon Processor 5500 Series 0.8 mQ 1.05 mQ 0.55 mQ
Intel Xeon Processor 5500 Series 0.8 mQ 1.1 mQ 0.5 mQ 2.0 MHz 1,2,3
Intel Xeon Processor 5500 Series 0.8 mQ 1.175 mQ 0.425 mQ
Intel Xeon Processor 5500 Series 0.8 mQ 1.55 mQ 0.05 mQ

Notes:

1. Z,, is the target Z(f) impedance for each processor and it’s value coincides with it’s Load Line slope.
2.  Z_ | uaxis the maximum allowed Z, | tolerance, which still fits within the VccMax and VecMin Load Line limits listed in Table 2-1;
Z| max s specific for each processor due to a specific combination of its Load Line value and IccMax.
3. Z mn Is the minimum allowed Z|, tolerance, which still fits within the VccMax and VccMin Load Line limits listed in Table 2-4;
Z, min is specific for each processor due to a specific combination of its Load Line value and IccMax.

2.6

Stability — REQUIRED

The VRM/EVRD needs to be unconditionally stable under all specified output voltage
ranges, current transients of any duty cycle, and repetition rates of up to 2 MHz. The
VRM/EVRD should also be stable under a no load condition.
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Processor Power Sequencing — REQUIRED

The VRM/EVRD 11.1 must support platforms with defined power-up sequences.
Figure 2-6 shows a timing diagram of the power-on sequencing requirements. Timing
parameters for the power-on sequence are listed in Table 2-4.

Figure 2-6.
Example

Power-On Timing Sequence Diagram, Intel Xeon Processor 5500 Series

SKTOCC# (ref.)l )

(socket occupied) N

VTT PG (ref)
(to CPU)

OUTEN asserted after BOTH:

SKTOCC# and VTT_PG are asserted

VR11.1 OUTEN

. Ta Tc
> < >
Veoor=1.1V '
Vcec CPU i
_ - Td Te
>
VR_READY
VID code read by PWM
at the end of Tc

VID [7:0] VID valid
Notes:
1. Tb and Td voltage slopes are determined by soft start logic of the PWM controller.
2.  Vboot is a default power-on Vcc (Core) value. Upon detection of a valid Vtt supply, the PWM controller is to regulate to this
value until the VID codes are read. The Vboot voltage is 1.1 V.
3. Vttis the processor termination regulator’s output voltage and the VTT_PG is the VTT regulator’s power good status indicator.
4. Unless otherwise noted, all specifications in this table apply to all processor frequencies.
5. This specification requires that the VID signals be sampled no earlier than 10 ps after VCC (at VCC_BOOQOT voltage) and VTT
are stable.
6. Parameter must be measured after applicable voltage level is stable. “Stable” means that the power supply is in regulation as
defined by the minimum and maximum DC/AC voltage regulation specifications for all components being powered by it.
7. The maximum PWRGOOD rise time specification denotes the slowest allowable rise time for the processor, measured between
(0.1 * VTT) and (0.9 * VTT).
Table 2-4. Power-On Sequence Timing Parameters
Timing Min Default Max Remarks
Ta =
. I 6] 5.0 ms
OUTEN to Vcc_CPU rising — delay time
Tb = Programmable soft start ramp;
o 0.05ms! | 0.5ms | 10.0ms | 9 P
Vboot rise time Measured from 10-90% of slope
Tc = 1 Vboot duration
. I 0.05 ms 3.0 ms
Vboot to VID Valid delay time
Td = Programmable soft start ramp;
o _ 0 0.25ms | 3.5ms N P
Vcc_CPU rise time to final VID Measured from 10-90% of slope
Te =
I A 0.05 ms 3.0 ms
VccCPU to VR_READY assertion — delay time

Note:

1. Minimum delays must be selected in a manner which will guarantee compliance to voltage tolerance specifications.

Voltage Regulator Module (VRM) and Enterprise Voltage Regulator-Down (EVRD) 11.1 Design Guidelines
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Figure 2-7.

2.8

18

Power-Off Timing Sequence — REQUIRED
There can be a normal or an abnormal power-off, the typical cases are:
1. Normal power-off by de-asserting OUTEN (non-latching)

2. Abnormal power-off due to:

= PWM _Vcc falling out of regulation, below its UVLo threshold (latching, able to
unlatch by Vcc off/on toggle)

= VID Off-code sent by CPU, implies CPU failure (normally non-latching, re-boots
when Vcc>UVLO and OUTEN asserted)

= OVP condition (see also Section 4.1)

= OCP condition (see also Section 4.2)

In each of those power-off cases the VR_Ready should de-assert immediately (with no
additional build-in delay, propagation delay only) and following it, after Tk delay, VccP
should fall and latch off, where Tk = 0-500 ms, as depicted below.

Power-Off Timing Diagram

OUTEN /

/

OR J;’
VID [7:0] ) vaiid XX OFF code
T/

OR |/

UVL threshold,

PWM_Vcc PWM IC specific

VR_READY \LE

TK i«

VccP

For detailed information about VID Off-Codes see Section 5.3.

Dynamic Voltage ldentification (dVID) —
REQUIRED

VRM/EVRD 11.1 supports dynamic VID across the entire usable VID table (0.5 V-
1.6 V). The VR must be capable of accepting voltage levels transitioning from a

standard operational VID levels to the minimum VID=0.5 V by stepping down or up
sequentially through the table, as follows:

e 6.25 mV VID steps every 1.25 ps
e 12.5 mV VID steps every 2.5 us

= Vout slew rate response to a single (=25 mV) dVID step upwards / downwards
=10 mV/us minimum

= settle within &5 mV of final value (nominal Vdroop LL including no load offset from
VID) within 15 ps for dVID event = 50 mV

Voltage Regulator Module (VRM) and Enterprise Voltage Regulator-Down (EVRD) 11.1 Design Guidelines
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Note:

Figure 2-8.

= settle within < 5 ps for dVID event < 50 mV
= Skew on each VID line < 200 ns Max

The proper trace routing of the 8 VID lines from the CPU socket to the VR PWM IC is
critical and the meeting of the 200 ns maximum skew spec will depend on it.

Downward dVID jumps should decay with the CPU load current, the VR is not required
to pull down the output voltage. The VID inputs should contain circuitry to prevent false
tripping of OCP or OVP or latching of VID codes during the settling time.

During a transition, the output voltage must be between the maximum voltage of the
high range (“A” in Figure 2-8) and the minimum voltage of the low range (“B”). The
VRM/EVRD must respond to a transition from VID-low to VID-high by regulating its Vcc
output to the range defined by the new final VID code, within 15 ps of the final step.
The time to move the output voltage from VID-high to VID-low will depend on the PWM
controller design, the amount of system decoupling capacitance, and the processor
load.

Figure 2-8 shows operating states as a representative processor changes levels. The
diagram assumes steady state, maximum current during the transition for ease of
illustration; actual processor behavior allows for any dlcc/dt event during the
transitions, depending on the code it is executing at that time. In the example, the
processor begins in a high-load condition. In transitions 1-2 and 2-3, the processor
prepares to switch to the low-voltage range with a transition to a low load condition,
followed by an increased activity level. Transition 3-4 is a simplification of the multiple
steps from the high-voltage load line to the low-voltage load line. Transition 4-5 is an
example of a response to a load change during normal operation in the lower range.

Processor Transition States

VID High Load Line

VID Low Load Line

Figure 2-9 is an example of dynamic VID. The diagram assumes steady state, constant
current during the dynamic VID transition for ease of illustration, actual processor
behavior allows for any dlcc/dt during the transitions, depending on the code it is
executing at that time. Note that during dynamic VID, the processor will not output VID
codes that would disable the voltage regulator output voltage.
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Figure 2-9. Dynamic VID Transition States lllustration — Example

200ns
worst case VID

skew «—72 (*6.25mV=450mV) VID steps @ 1.25us each step = gous—ﬂ
VID 0 !
VID 1

VID 2

vip3 | | | | | | | | |
VID 4

VID 5 | |
VID 6 |
VID 7

N

Upper equals
Final VID — 0.8 m= * Icc

450mv

\
low VID to high VID 15ps \maximum settling Lower equals

Vee transition Maximum from registering final VID St VP - 0.8 m= *lcc - 30mv
|
Vce 1

high VID to low VID settling o _ \ f
Vcc transition 15ps Imaximum settling ™\ Upper equals N
from r{agistering final VID Final VID - 0.8 m= * lcc

450mv

Lower equals

|
\l\ Start VID — 0.8 m= * Icc - 30mV
T
|
|

Jea

1
The diagram assumes steady state, constant load current during the dynamic VID
transitions for ease of illustration; actual processor behavior allows for any dlcc/dt
event during the transitions, depending on the code it is executing at that time

2.9

The processor load may not be sufficient to absorb all of the energy from the output
capacitors on the baseboard, when VIDs change to a lower output voltage. The VRM/
EVRD design should ensure that any energy transfer from the capacitors does not
impair the operation of the VR, the AC-DC supply, or any other parts of the system.

Overshoot at Turn-On or Turn-Off — REQUIRED

The core VRM/EVRD output voltage should remain within the load-line regulation band
for the VID setting, while the VRM/EVRD is turning on or turning off, with no over or
undershoot out of regulation. No negative voltage below —100 mV may be present at
the VRM/EVRD output during turn-on or turn-off.

2.10 VR Vcc Under-Voltage Lockout (UVLO) —

20

EXPECTED

The VR should detect its own Vcc input and remain in the disabled state until valid Vcc
level is available or reached; However, the PWM and driver chips should coordinate
start up such that both the PWM Vcc and power conversion rail (typically +12 V) of the
buck converter are both up and valid prior to enabling the PWM function. The PWM and
Driver combination need to be tolerant of any sequencing combination of 3.3V, 5V or
12 V input rails. If either the Vcc or power conversion rail fall below the UVLo
thresholds, the PWM should shut down in an orderly manner and restart the start up
sequence.
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2.11

Figure 2-10.

Output Filter Capacitance — REQUIRED

The output filter capacitance for the VRM/EVRD 11.1 based designs will be located on
the baseboard around the CPU socket and inside the socket’s cavity. The system design
must ensure that the output voltage of the VR is stable under all load conditions and it
conforms to the load line of Figure 2-3 and with the baseboard and processor loads.
Refer to the latest revision of your Platform Design Guide for the latest information
regarding the Vcc load characteristic such as:

1. VccP Power Delivery lumped impedance model w/ output filter caps description
2. VcecP and Ground power layers example layouts.

Table 2-5 shows the number of decoupling caps recommended and other related
specifications based on updated processor power requirements supported by VRM/
EVRD 11.1.

Figure 2-10 is the recommended example of Intel Xeon 5500 Platform CRB baseboard
decoupling solutions and processor loads. The number of capacitors needed could
change based on updated processor power requirements. The type and number of bulk
decoupling required is dependent on the voltage regulator design and it is highly
recommended that the OEM work with the VR supplier for an optimal decoupling
solution for their system and in accordance to the processor’s design requirements.

8-Layer Intel Xeon Processor 5500 Series-Based Intel Xeon 5500 Platform
VccP Power Delivery Impedance Model Path — Example

02mQ  3X330uF

Motherboard

Cavity Caps

12 X 22 uF 90 pH 0.2mQ) 26 X 47 uF

MLCC 1206

SP-Cap MECR® A,

1

990 uF 264 uF

I

I

|

| VR I_ B
| Sense
I

I

I

I

1222 uF

_I

Point I I

“ I

| |

PWLL L

e VTT
100A

300A/uS

423 pH 45 pH 20 pH

I
I
I
I
2.0m Q2 04m (2 | o1sma
I
I
I
I

A4

—_— _——

Typical Capacitor Parameters:

SP-Cap C=330uF ESR=6mOhm ESL = 1270pH
47uF MLCC 1206 C=47uF ESR =4mOhm ESL = 520pH
22uF MLCC 0805 C=22uF ESR=5mOhm ESL = 550pH

(Cap ESR and ESL includes mounting and pad routing parasitics)

The Intel Xeon 5500 Platform processor decoupling design includes large bulk caps and
MLCC high-frequency capacitors and they are distributed per Table 2-5. The parasitic
board values are extracted from Intel Xeon 5500 Platform design using an 8-layer
board with 4 oz total of copper for Vcc and 6 oz total of copper for ground. Consult the
latest Intel® Xeon® 5500 Platform Design Guide for more details about the board
stackup.
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Table 2-5. Intel Xeon 5500 Platform Processor Bulk/Decoupling Capacitors — CRB
Examples
Step Load
ESR ESL maximum
CPU Vcore VR Cap type Quant (M) (nH) Slew Rate Notes
(A/ps)
Intel Xeon 330 uF/2V/20%/Tant 3018LF 3 6 1.27 bulk caps
Zg’ricgsssor 5500 32 [1F/6.3V/20%/X5R/0805 12 5 0.55 300 place close to the socket
47 UF/6.3V/10%/X65/1206 26 4 0.52 socket cavity

22

For VRM11.1 (module) applications, it is recommended that the system designer should
work with the VRM supplier to ensure proper implementation of the VRM converter.

8
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3

Input Voltage and Current

3.1

3.2

Note:

Input Voltages — EXPECTED

The power source for the VRM/EVRD is 12 V +5% / —8%b. This voltage is supplied by
a separate power supply. For input voltages outside the normal operating range, the
VRM/EVRD 11.1 should either operate properly or shut down.

Load Transient Effects on Input Current —
EXPECTED

The design of the VRM/EVRD, including the input power delivery filter, must ensure that
the maximum slew rate of the input current does not exceed 0.5 A/us, or as specified
by the separate power supply.

In the case of a VRM design, the input power delivery filter may be located either on
the VRM or on the baseboard. The decision for the placement of the filter will need to
be coordinated between the baseboard and VRM designers.

It is recommended that the bulk input decoupling (with series 0.1-1 pH inductor) be
placed on the baseboard by the VRM input connector and high frequency decoupling on
the VRM module. Expected baseboard decoupling should be between 1000uF to
2240uF depending on VRM design and system power supply.

8
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4 Vcc Output Voltage Protection

These are features built into the VRM/EVRD 11.1 to prevent fire, smoke, or damage to
itself, the processor, and/or other system components.

4.1 Over-Voltage Protection (OVP) — EXPECTED

The OVP circuit monitors the processor core voltage (Vcc) for an over-voltage
condition. If the VR output’s momentary overshoot is more than 200 mV above the
VID level, in steady VID condition, the VRM/EVRD 11.1 should shut off its output and
latch off. OVP circuit should allow for a normal dVID change conditions. Un-latching
may be performed by toggling off/on the VR’s input power.

4.2 Over-Current Protection (OCP) — EXPECTED

The core VRM/EVRD should be capable of withstanding a continuous, abnormally low
resistance on the output without damage or over-stress to the unit. Output current
under this condition will be limited to no more than 130%b6 of the maximum peak rated
output load of the VR at thermal equilibrium under the specified ambient temperature
and airflow. An OCP event should result in either of:

shutting down the VR’s output and latching off
or

going into a hick-up mode for duration of the OCP event.

8
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5 Control Input Signals

51 1/0 Signals Overview
Figure 5-1. VR11.1 1/0 Signals and Power Overview (Intel Xeon Processor 5500 Series
Example)
( VR11.1
PSI# PSl# > PSl# PWM
IMON
ISENSE [« IMON controller
VID[7:0] (out) VID [7:0] _ IC
IPOCI0] () “with POC[7:0] | * +
Processor | Vec(Coe) | VRD11.1
(Package + Die) Vce Sense
= VO_SEN+ or
Vss_Sense Vo SEN
g Vss - VR M 1 1 0 1
& VO-/ VIN- =
N J 2 é
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Note: Future non-core applications are possible, to be edited in the next revision of this document.

5.2 Output Enable (OUTEN) — REQUIRED

The VR must accept an OUTEN input signal to enable its output voltage. When disabled,
the VR’s output should go to Hi-Z state and should not sink or source current. When
OUTEN is pulled low during the shutdown process, the VR must not exceed the previous
voltage level regardless of the VID setting during the shutdown process. Once
operating after power-up, it must respond to the SM.

Table 5-1. OUTEN Specifications

Symbol Parameter Min Max Remarks
VIH Input Voltage High 0.8V 3.465V asserted, VR On
VIL Input Voltage Low oV 0.4V de-asserted, VR Off, output in Hi-Z state
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Voltage ldentification VID [7:0] — REQUIRED

The VRM/EVRD 11.1 PWM controller must accept an 8-bit code, VID [7:0], from the
processor to set the Vcc operating voltage. The VID bus interface should be designed
as a 1.0 V logic compliant for pull-up to Vtt voltage rails (typically 1.0 to 1.2 V). See
Table 5-2 for signaling levels. The VID bus will be driven by the CPU with push-pull
CMOS drivers. The VR 11.1 standard code is listed in Table 5-4. There are four VID off
states:

VID [7:0] = 00000000b (=00h), 00000001b (=01h), 11111110b (=FEh), or
11111111b (=FFh).

as shown in Table 5-4 and Table 5-5. Once the VR is operating after power-up, and a
specific VID off-code is received from the CPU, the VR must turn off its output (the
output should go to Hi-Z) within Tk time and latch off until power is re-cycled, see
Figure 2-7.

These Off states may only be sent by the CPU. The VR’s PWM is responsible for avoiding
false turn-off by off-code tripping. This can be accomplished by various known technics
to prevent false turn off conditions due to noise, and so on. During normal operation a
VID off code indicates a catastrophic failure condition from the CPU.

Because the VID lines are designed to serve dual function: VID coding and POC pre-
setting (during startup), there are no default pull-up or pull-down resistors placed on
each VID line which could automatically force an Off-code in absence of the CPU (as
was the case in VR11.0). During startup, CPU output signal SKTOCC# (socket
occupied) must be used as sole CPU presence detector, see Figure 2-6.

During the turn-on sequence, the VR should ramp to Vboot. If an off code is issued, the
VR should not turn off until the end of Td. If the VID has changed to a normal VID code,
then the VR should ramp to that voltage as normal. PWM controller should not load the
VID lines during UVLO, Tb-Td time periods.

VID lines need to be routed as matched length traces to ensure <200 ns skew at PWM
VID input pins.

Interface Input Signal Logic Levels Specifications

Symbol Parameter Min Max Notes
ViH Input Logic High 0.8V Vit max 1
Vi Input Logic Low 0 0.3V 1
Vit Pull-Up voltage 1.2v3 typ 1.05 V-1.2 v 3
lleak 3 CPU’s CMOS driver leakage current 20 pA 200 pA
Notes:

1. Pull-up resistors must not be integrated into the PWM controller (values may be adjusted on the system
board for dynamic VID signal integrity and CPU compatibility). Processor damage could result if the PWM IC
drives the VID line with an internal pull-up supply.

2.  PWM controller must not load VID lines prior to the end of Td in the start up sequence.

3.  The pull-up voltage, typically Vtt=1.1 V-1.2 V, see your Platform Design Guide for specific data on it.
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5.3.1 Power-On Configuration (POC) Signals on VIDs (For_
Reference Only)
All 8 VID lines will serve a second function: the Power On Configuration (POC) logic
levels are MUX-ed onto the VID lines with 1k-5k/5% range pull-ups and pull-downs and
they will be read by the CPU during the time — as shown in Figure 2-6. The POC
configuration programs the CPU as to the platform VR capabilities. The VR does not_
read POC configuration resistors. After OUTEN is asserted the CPU VID CMOS
drivers override the POC pull-up / pull-down resistors. See Figure 2-6 and Figure 5-2
for more information. The following POC information is provided here for reference
only.
Figure 5-2. POC Pull-up and Pull-down Resistors Placement
POC (VID[7:0] & PSI#[1]) Example of POC setup:
one pullup OR one pulldown programming VID[7:0] = 00101110 code
resistor (9 total) to be placed on each VID & and PSI# =0
PSI# lines to form the required POC code (9 resistors installed)
( '
VTT
POC | VT
read ckt VR11l.1 VR11.1
> VIDO o > VIDO
ELRY » VID1 ° » VID1
* ' » \/ID2 ® » VID2
& > VID3 o > VID3
i > \/ID4 ® > VID4
: » \/ID5 CPU & ——> vip5
* » VID6 ——» VID6
CPU T ™ VID7 T—VV|D7
—— it L > pSi# PSI#
Vss Vss
—— . J

Voltage Regulator

The CPU POC bits (MUX-ed with 8 VID lines) are allocated as follows (for reference
only):

= POCypl[7] = see respective PDG and/or EMTS.

* POCypl[6] = see respective PDG and/or EMTS.

e POCypl[5:3]/CSC[5:3] = Current Sense Config bits/ IMON slope gain setting,
see Table 6-4.

* POCyp[2:0] = see respective PDG and/or EMTS
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5.4 Power State Indicator (PSI#) — EXPECTED (@

PSI# is an input logic signal (active Low) to the VR controller, sent by the CPU, which
indicates when the CPU is in a low power state, as follows:

Table 5-3. PSI# Signal Function

CPU lccCore for Nehalem-EP CPUs VR Min. Effici yay
PSI# Logic State ey e power Notes
-EP all SKUs P

1 = De-asserted

> 20 A > 80% 1

(CPU normal power state)
< 5W total VR power
0 = Asserted 4A to 20A dissipatiog 1,2
(CPU low power state)
<4A N/A

Notes:

1. Consult the latest revision of the respective CPU EMTS document for the updated PSI# threshold limit values.

2. The target efficiencies are platform specific and may be set higher by the VR/platform designer, depending on the design
objectives.
For applications with high efficiency VR11.1 design, it is acceptable to ignore the PSI# signal (and leave it open), while still
meeting the low power mode max VR power dissipation recommended limit.

3.  For future compatibility, in PSI# asserted mode, the VR11.1 has to be able to accept min load at OA.

4. PSI# is 1 V CMOS logic compliant signal, driven by a push-pull gate (no pull-up / pull down resistors) as described in
Table 5-2.

Figure 5-3. PSI# Assertion / De-Assertion Timing (worst case)

IccMAX

Coming out of PSI# asserted

f mode, the lcc magnitude
lcc # \ and its slew rate may be up
to the Max allowed by spec
for each CPU SKU

PSI# threshold
per table above

Here any load activity
is possible within set
limits

lcc=0A

23.3us | 27.5ns_  233ps
de-asserted HI ‘ =

PSI# 27.5ns 27.5ns
not to scale

Asserted LOW

Notes:

1. The CPU is capable of this very short min PSI# assertion (dwell) time, which is too fast to be useful to the VR, so the VR’s
PSI# input may need to have installed a low-pass filter circuit (analog or digital, external or internal, as recommended by the
PWM maker).

2.  PSI# will de-assert for any positive dVID transition 12.5 mV or higher, even if the Icc remains below the PSI# set threshold
limit.

The VR PWM controller may use this signal to change its operating state to maximize
energy efficiency at light loads or flatten out its efficiency curve for idle power
reduction. Per Intel Xeon Processor 5500 Series CPU spec, PSI# min asserted dwell
time is 7.5 ns and the CPU’s worst case, max assert / de-assert frequency is 133 MHz.
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Note:

Therefore, for the VR to be able to take advantage of it, its PSI# input low-pass filter’s
equivalent cutoff frequency may need to be set in 1 kHz ~ 10 kHz range. Many VR11.1
PWM ICs already have some sort of PSI input analog and/or digital filtering in place.
Consult your PWM IC spec sheet (or its manufacturer’s FAE) for the optimal PSI filter
value that will maximize VR energy efficiency in low power state.

failure.
While under PSI# asserted mode the Vcc output Pk-Pk ripple voltage is allowed to
increase by up to additional 5 mV pp.

Measurement of the VR’s light load efficiency under PSI# asserted will be taken 1
minute after assertions of PSI# with a 12 V nominal input voltage and nominal VID
setting. See the applicable platform design guidelines for additional details.

During VR bench testing in PSI# asserted mode, the following spec limits may be used:
e dVID estimate: ~ 1.0 V, may vary by +£12.5 mV max

« lcc Step Max / Slew Rate Max estimate: 16Ap-p with 32 A/us slew rate with up to
1 MHz rep rate.

= overshoot allowance during PSI# Hi-to-Low or Low-to-Hi transitions: use limits
described in Section 2.4

= Load Line: the same LL as in full power mode, but with TOB enlarged from
+0/-30 mV to: +10 mV/-30 mV.
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Table 5-4. VR 11.1 Voltage ldentification (VID) Table — Part 1 of 2

L VD7[ VIDE] VIDSTVID4TVID3[VID2[ VID 1] VIDOT Vec Max [ TVID7[ ID6] VIDS[ VID4TVID 3[VID2[ ID1] VIDO Vec_Max
800mV | 400mV ] 200mV | 100mV] 50mV] 25mV | 12.5mV|] 6.25mV (V) 800mV | 400mV | 200mV | 100mV | 50mV | 25mV | 12.5mV| 6.25mV (V)

00]_0O 0 0 0 J]OJOJ O 0 O N 40] O 0 0 JOJOJ O 0 1 121250 |
01] 0 0 0 loJoJol oo 1 OFFF W41 0 0l 0JloJol oo 1| 120625
02] 0 0 0l o] Oofo 0 60000 @ 42| 0 0]l 0 lolo 0 20000
03] _0 0 0 Lol oflol 1 1 50375 W 43| 0 0l 0o lolOo[ 1 1 19375
04| 0 0 0 1l 0] O 0 0 | 158750 M 44 0O T IO O O T 0_ | L18750
05| 0 0 0 [ 0] 0 0 1T | 15815 W45 0 1] o]l ool z1[ o0 T | 118125
06] 0 0 0 loJol T 1 0 | 157500 MW 46] O 1] 0]l oflo[ 1] 1 0_ [ 117500
07] 0 0 0 ool 1l 1 1 56875 W 47| 0 0l oozl 1 1 16875
08] 0 0 0 [ 0 0] 0 0 56250 W 48| 0 0] O 0] 0 0 6250
09] 0 0 0 [ 0 L[ 0] 0 1 55625 W 49| 0 0l ol 1TlOof] o0 1 5625
0Al 0 0 0 Lol 1T]oO 0 55000 W 4A 0 ] 0] 0 L [ 0 0 15000
o8] 0 0 0 lo |l 1flol 1 1 [ 154375 W 48] 0 ] 0] 0 L [0 1 1 14375
0C|_o0 0 0 lol 1l 1l o0 0 | 153750 W 4C|_0 0] 0 L [ 1] O 0 3750
0D| 0 0 0 [ 0 111 0 1 53125 W 4D]_0 L L 0 [ 0 0 1 3125
[OE[_ 0 0 0 [ 0 0 52500 W4E[ © ] 0| 0 1 0 12500
OF[_0 0 0 Lol 1l 1l 1 1 51875 W 4F] 0 0] 0 L [ 1| 1 1 375
10] 0 0 0 0loJ] 0 0 51250 @ 50| O 0 0]O0J] O 0 250
1] 0 0 0 0l o] o 1 50625 ll 51| 0 0 0l 0] 0 T 625
12] 0 0 0 0] 0 0 | 150000 W52 0O 0 0] o0 0_ | L.10000
13| 0 0 0 0]l o0 1 1 | 149375 W 53] O 0 0l o0 1 1 | 109375
14| 0 0 0 L | O 0 0 | 148750 M54 0O L [ O 1 0| 1] 0 0_ | 1.08750
5] 0 0 0 L o 1] 0 1 | 14815 @ 55| 0O 1] 0 T O S ) 1 | 108125
16] 0 0 0 [ t ol 1 1 0 [ 14500 @56 0 1] 0 1T o 1] 1 0_ [ 107500
17]_0 0 0 [ 1ol 1 1 1 | 146875 W57 0O 1] 0 1T o 1] 1 1 _| 106875
18] 0 0 0 0] 0 0 46250 W 58| 0 0 0] o 0 06250
190 0 0 0] 0 1 75625 W 50| 0 0 0] 0 1| 105625
1A|_ 0 0 0 1 L [ 0 0 25000 W 5A] 0 ] 0 1 L [ 0 0 05000
B[ 0 0 0 0| 1 1 | 144375 @G58 0 ] 0 0 1 1 04375
1C[_0 0 0 1 L[ 1] 0 0 | 143750 @W5C|_0 0 1 L [ 1] O 0 03750
1D|_0 0 0 [ 1 1 | 1 0 1 43125 W 5D]_0 L [ 0 0 1 03125 ]
[1E[_ 0 0 0 1 0 42500 WSE]_0 ] 0 1 1 0 02500
10 0 0 1 L [ 1 [ 1 1 41875 WS5F] 0 0 1 L [ 1| 1 1 01875
20]_0 0 0Jol O] 0 0 [ 141250 W60 0 0 lOoOJOJ[ O 0 01250
21| 0 0 " O BCH ) 1 | 14065 W 61] O 0 loJoJ[oO 1| 100625
22] 0 0 0l 0] o0 0 | 140000 @M 62| O 0 loJo 0_ [ 1.00000
23] 0 0 0 ol o[ 1 1 | 139355 W 63| O 0 foJo[ 1 1_| 099375
24] 0 0 L | 0 | 0 0 0 | 138750 W64 O 1 L J 0O [ O0[1] 0 0_ [ 0.98750
25| 0 0 L 0o 1] 0 1T | 13815 W 65] 0 1 1| 0oJolz1] 0 1_[ 098125
26]_0 0 1 | 0oJol 1] 1 0 [ 1350 @ 66] 0 i I O B T 0_ [ 097500
27]_0 0 1 ] oJol 1] 1 1 | 136875 W 67| O 1] 1] o0oJo]1] 1 1 _| 096875
28] 0 0 1 ol 1lo0] o0 0 [ 136250 @W68] 0 1]l 1l ol 1]o] o0 0_ | 0.96250
29]_ 0 0 L | 0 L] 0] 0 1 | 135625 W 69| 0O ] ] 0 l1lof o0 1 | 095625
2A 0 0 L J 0l 1] 0 0 | 1.35000 l 6A] O 0 L [ 0 0_| 095000
2B[ 0 0 L 0Ol 1l 0] 1 1 [ 134375 @W6B| 0 ] ] 0 L [0 1 1| 094375
2C_0 0 L ol 1 [ 1] 0 0 | 133750 @ 6C|_0 0 L [ 1] O 0_ | 093750
2D]_0 0 ] 0 | 1 [ 1 0 1 33125 W6D]_0 1 0 0 1| 093125
[2E[ 0 0 L | 0 0 32500 W O6E]_ 0 ] 0 1 0_[ 0.92500
2F]_0 0 L L 0ol 1 [ 1 1 1 31875 WO6E] 0 0 L [ 1| 1 1 | 091875
30]_0 0 0JloJ o 0 31250 @ 70| 0O 0JOo][] 0 0_ | 091250
31] 0 0 0loJ] 0 1 30625 @ 71| 0O 0]l O] O 1| 090625
32| 0 0 0] 0 0 | 130000 @ 72| O 0] o0 0__[ 0.90000
33| 0 0 0]l o0 1 1 [ 12935 W 73] 0O 0l o0 1 1_| 089375
34 0 0 0 0 0 | 128750 M 74| 0O 1 1 1 o0 1] 0 0_ [ 0.88750
35| 0 0 1 L | 0 0 T | 12815 W 75] 0 1 1 L [ 0] 1] 0 1_[ 083125
36| 0 0 1 L Lo 1] 1 0 | 127500 M 76| O 1| 1 1 [0 1] 1 0_ [ 0.87500
37]_0 0 1 1ol 1] 1 1 [ 1268 W77 0O 1| 1 1T o 1] 1 1_| 086875
38]_0 0 1 1] 1o o0 0 [ 126250 @ 78] 0O 1] 1 i I EH ) 0_ | 0.86250
39] 0 0 1 0] 0 1 [ 125625 W 79| 0O ] ] ] 1 0] 0 1 | 085625
3Al_ 0 0 1 1 L [ 0 0 | 125000 W 7A] 0O 1 L [ 0 0_| 0.85000
3B 0 0 1 0| 1 1 [ 12435 W 7/B] 0 ] ] 0 1 1 | 084375
3C[_0 0 1 1 L[ 1] 0 0 | 123750 @ 7C|_0 1 L [ 1] O 0_| 0.83750
3D| 0 0 ] ] 1 | 1 0 1 23125 W /D]_0 1 0 1083125
[3E[ 0 0 0 22500 W 7/E]_0 ] 0_ [ 0.82500
3E[_0 0 1 1 1 21875 W 7E1_0 1 1 1| 081875
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Table 5-5. VR 11.1 Voltage ldentification (VID) Table — Part 2 of 2

hex | V1P 7] VID6 [ VD5 [ VID4 [VID3[VID2] VID1 [ VIDO [ Vec Max VID7[viD6| VID5[VID 4| VID3[VID2] VID1| VID O | Vec_Max

*1 soomv | 400mv | 200mv | 200mv | somv | 25mv | 125mv| 6.25mv V) 8oomv] 400mv| 200mv | 100mv | somv | 25mv | 12.5mv| 6.25mv| (V)
80 0 0 0 0] 0 0 0 ]0.81250 0 0 0] o0 0 0 | 0.41250
81 0 0 0 0] o 0 1 ] 0.80625 0 0 0] o0 0 1 | 0.40625
821 1 0 0 0 0] o0 1 0] 0.80000 1 1 0 0 0] o0 1 0 | 0.40000
83 ] 1 0 0 0 0] o 1 1 079375 111 0 0 0] o 1 1 [039375
841 1 0 0 0 0] 1 0 0 _]0.78750 1] 1 0 0 0] 1 0 0 | 038750
8] 1 0 0 0 0] 1 0 1 1078125 1] 1 0 0 0] 1 0 1 ]0.38125
86 [ 1 0 0 0 0| 1 1 0] 077500 1] 1 0 0 0| 1 1 0 037500
871 1 0 0 0 0] 1 1 1 1076875 1] 1 0 0 0] 1 1 1 |0.36875
88| 1 0 0 0 110 0 0 ]0.76250 1 0 0 0 0 0 | 036250
8] 1 0 0 0 110 0 1 075625 1 1 0 0 1 0 0 1 [0.35625
8Al 1 0 0 0 110 1 0 ] 0.75000 L L 0 0 Tl ) 1 0 | 035000
8B | 1 0 0 0 110 1 1 ]074375 1] 1 0 0 1]0 1 1 |0.34375
8C| 1 0 0 0 i 0 0 ]0.73750 1] 1 0 0 1] 1 0 0 | 033750
8D 1 0 0 0 111 0 1 [073125 1] 1 0 0 1|1 0 1 033125
8E| 1 0 0 0 il 1 0 ] 072500 1] 1 0 0 1] 1 1 0 | 032500
sF] 1 0 0 0 111 1 1 ]071875 1] 1 0 0 1] 1 1 1 [031875
90 1 0 0 1 0] o0 0 01071250 1] 1 0 1 0] o 0 0 031250
911 1 0 0 1 0] o 0 1 ]070625 1] 1 0 1 0] o 0 1 | 0.30625
921 1 0 0 1 0] o 1 0] 0.70000 1] 1 0 1 0] o 1 0 | 030000
93] 1 0 0 1 0] o 1 1 1069375 1] 1 0 1 o0l o 1 1 1020375
941 1 0 0 1 " 0 0 ] 068750 1] 1 0 1 o] 1 0 0 | 028750
951 1 0 0 1 0] 1 0 1 068125 111 0 1 0|1 0 1| 028125
96 0 0 0] 1 1 0 ] 067500 0 0] 1 1 0 | 027500
97 0 0 0 | 1 1 11066875 0 0 | 1 1 1 1 0.26875
98] 1 0 0 1 110 0 0 ] 066250 1 0 1 1]0 0 0 | 026250
91 1 0 0 1 110 0 1 ]065625 1 1 0 1 ] 0 0 1 | 025625
[oA] 1 0 0 1 110 1 0 1065000 1 L 0 L T 0) 1 0 | 0.25000
9B 1 0 0 1 110 1 1 ]064375 1 1 0 1 1 0 1 1 |0.24375
oc] 1 0 0 1 111 0 0 ] 063750 1] 1 0 1 1] 1 0 0 | 023750
9D 1 0 0 0 1 1063125 0 0 1| 023125
[OE ] 1 0 0 0 1062500 0 0 1022500
oF | 1 0 0 1 111 1 1 1061875 1 1 0 1 1 1 1 1 021875
Aol 1 0 1 0 0] o 0 0 ]061250 1] 1 1 0 0o]o 0 0 | 021250
All 1 0 1 0 0] o 0 1 ]060625 1] 1 1 0 0] o 0 11020625
A2l 1 0 1 0 0] o 1 0] 0.60000 1] 1 1 0 0] o 1 0 | 0.20000
A3l 1 0 1 0 0] o 1 1 ]059375 1] 1 1 0 0] o 1 1 ]019375
A4 0 0 0 0 0 ] 058750 0 0 0 0 |0.18750
A5 0 0 0 0 11058125 0 0 0 11018125
A6l 1 0 1 0 0] 1 1 0 ] 057500 1 1 1 0 0 | 1 1 0 | 0.17500
A7l 1 0 1 0 0] 1 1 1 ]056875 1] 1 1 0 0] 1 1 1 |0.16875
As] 1 0 1 0 110 0 0 ] 056250 1] 1 1 0 1]0 0 0__1 016250
A9l 1 0 1 0 110 0 1 | 055625 1] 1 1 0 1]0 0 1 |015625
AALl 1 0 1 0 110 1 0] 0.55000 1] 1 1 0 1]0 1 0 | 0.15000
AB| 1 0 0 0 1 1 | 054375 L L L 0 ) 1 1 ]014375
AC 0 0 0 0 ] 053750 0 0 0 ] 013750
AD| 1 0 1 0 111 0 1 ]053125 1 1 1 0 1 1 0 1013125
AE] 1 0 1 0 111 1 0 ] 052500 1] 1 1 0 111 1 0 | 0.12500
AF] 1 0 1 0 111 1 1 |051875 1] 1 1 0 111 1 1 10311875
BOJ 1 0 1 1 0] o 0 0 ] 051250 1] 1 1 1 0] o 0 0 | 0.11250
Bi] 1 0 1 1 0] o 0 1 ]050625 1] 1 1 1 0] o 0 1 ]0.10625
B2| 1 0 1 1 0] o 1 0] 0.50000 1] 1 1 1 0] o 1 0 | 0.10000
B3] 1 0 1 1 0] o 1 1 1049375 1] 1 1 1 0] o 1 1 1000375
B4] 1 0 1 1 0] 1 0 0 | 048750 1] 1 1 1 0] 1 0 0 | 0.08750
B5 | 1 0 1 1 0] 1 0 1 1048125 1] 1 1 1 0] 1 0 1 |0.08125
B6 | 1 0 1 1 0] 1 1 0 | 047500 1] 1 1 1 0] 1 1 0 007500
B7 ] 1 0 1 1 0] 1 1 1 ]046875 1] 1 1 1 0] 1 1 1 | 0.06875
Bg | 1 0 1 1 110 0 0 | 046250 1] 1 1 1 1]0 0 0 | 0.06250
B9 0 1 1 110 0 1 ]045625 1] 1 1 1 1]0 0 1 | 0.05625
BA| 1 0 1 1 110 1 0 | 045000 1] 1 1 1 110 1 0 005000
BB| 1 0 1 1 110 1 1 1044375 L L L L ) 1 1 [0.04375
BC| 1 0 1 1 111 0 0 ] 043750 1] 1 1 1 1] 1 0 0 | 003750
[ BD 0 1 1 i 0 1 1043125 1] 1 1 1 1] 1 0 11003125

BE| 1 0 1 1 111 1 0 ] 042500 1] 1 1 1 1] 1 1 0 off

BE] 1 0 1 1 111 1 1 1041875 1] 1 1 1 111 1 1 off

Notes:

1. VIDs below 0.5 V (shaded gray) are not supported as they are unusable.

2. The actual VID range used by a processor is typically narrower, see the appropriate EMTS for details.
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Figure 5-1.
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Differential Remote Sense (VO_SEN+/-) —
REQUIRED

The PWM controller must include differential sense inputs (VO_SEN+, VO_SEN-) to
compensate for an output voltage IR