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Introduction

One requirement for designers using FPGA devices is the ability to determine the power considerations and con-
sumption for a particular device used on a board. This technical note provides users with detailed power consider-
ations, such as sequencing, along with an explanation of how to use the Power Calculator available in the
ispLEVER® software tool to calculate power consumption of LatticeSC™ devices. General guidelines to reduce
power consumption are also discussed.

Power Supply Sequencing

Power-Up Sequencing

When using LatticeSC devices in hot-socketing applications where input signals may be at a higher level than the
Vo of the bank, high power supply currents and high input pin currents may flow unless the following power-up
conditions are met:

* All power supplies in the following group must reach their minimum operating value within 75 msec after the time
that the last power supply in the group crosses the trip point of the internal power-up detector: Ve, Vecio

Veeauxs Vees Veciots Veciozs Vecioss Vecios Vecios: Vecios @and Vecior-

Figure 8-1. Power Sequencing for LatticeSC Devices
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Note that the SERDES power supplies are NOT included in this group of power supplies that must come up within
75 msec.

If this requirement is not met and input signals are higher than Vg o, high power supply currents (which could be
hundreds of mA) and high input pin currents will flow. This can affect connected buses.
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In a non-hot-socketing application, the outputs of the driving device will usually be powered from the same supply
as the LatticeSC Vg0, so the input signals will usually be less than or equal to V0.

All of the voltages in the group above are monitored by the LatticeSC device and therefore must be powered up ini-
tially. They should not be left undriven or tied to ground.

After initialization is complete, if Vo, Veci2, Vecaux ©F Vecior drops below the power-down trip point, the device
will reset. However, Ve, and any of Vggiop7:2] can be removed without resetting the device after initialization is
complete.

The minimum and maximum trip points for each power supply are listed in Table 8-1. The important values are min-
imum trip point for power-up and maximum trip point for power-down.

Table 8-1. LatticeSC Power-Up and Power-Down Trip Points

Power-Up Trip Point
Supply Min. Max. Operating Range Units
Vee 0.50 0.65 1.2 (1.0) +5% \
Veeto 0.50 0.65 1.2 +5% \Y
Veoaux 0.95 2.0 2.5 5% v
Veciop) 0.50 1.0 1.2/1.5/1.8/2.5/3.3 +5% Vv
Veciorz:2) 0.50 1.0 1.2/1.5/1.8/2.5/3.3 +5% \Y
Veey 0.50 1.0 1.8/2.5/3.3 +5% \%

Power-Down Sequencing

During power-down, power should be removed from one of the supplies Ve, Vo2 0or Vecaux first to ensure that
no high currents are seen on the input pins as the other V¢ g supplies are removed. This only applies when input
signals are still being driven, as in hot-socketing applications.

For non-hot-socketing applications, the input signals are likely to be powered from the same supply as Vg0, SO
the input signals will usually be less than or equal to V¢ o during power-down.

Additional Requirements for VCC and VCC12 Sequencing

The V12 power supply must always be higher than V¢ or if lower should always be within 150 mV of V. For
1.2V operation on Vg, both the V¢ and V12 supplies are typically sourced by the same board level 1.2V power
supply. Therefore, sequencing will not be an issue.

Power Sequencing Suggestions
To prevent high power supply and input pin currents during power-up, all supplies should have a ramp up time of 75
msec or less to reach their minimum operating voltage.

To prevent high power supply and input pin currents during power-down, power should be removed from one or
more of V¢, Vo2 or Vecaux before power is removed from any Vo of Veey-

Power Calculation Hardware Assumptions

The power consumption for the device can be coarsely broken down into the DC portion and the AC portion.

The DC Power (or the Static power consumption) is the total power consumption of the used and unused
resources. These components are fixed for each resource used and depend upon the number of resource units uti-
lized. The DC component also includes the static power dissipation for the unused resources of the device.

The AC portion of power consumption, associated with the used resources, is the dynamic part of the power con-
sumption. The AC power dissipation is directly proportional to the frequency at which the resource is running and
the number of resource units used.
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Power Calculation Equations
The power equations used in the Power Calculator are listed below:

Total DC Power (Resource)
= Total DC Power of Used Portion + Total DC Power of Unused Portion
= [DC Leakage per resource when Used * Nresourcel
+ [ DC Leakage per resource when Unused * (NtgtaL Resource - NrResource) |

Where:
NtoTaL REsource s the total number of resources in a device

NRESOURCE is the number of resources used in the design

The total DC power consumption for all the resources in the design data is called Quiescent Power in the Power
Calculator.

AC Power is governed by the following equation:

Total AC Power (Resource)
= Kresource * fuax * AFresource * NResouRrcE

Where:
NRESOURCE is the number of resources used in the design
KrRESOURCE is the power constant for the resource (in mW/MHz)
fmax is the maximum frequency at which the resource is running (in MHz)
AFRESOURCE is the activity factor for the resource group (as a percentage of switching frequency)

For example, the power consumption of the LUT is calculated in the following equation:

Total AC Power (LUT)
= Kput * fmax “ AFLuT * NLut

Where:
Nput is the number of LUTs used in the design
KLut is the power constant for the LUTs (in mW/MHz). This power constant is different
depending upon the mode in which the SLICE is configured: Logic, Ripple or RAM.
fmax is the maximum frequency of the LUT clock (in MHz)
AF uT is the activity factor for the LUT (as a percentage of switching frequency)

Another example is the power consumption of the EBR block which is calculated below.

Total AC Power (EBR)
= KEBR * fyax * AFegr * NERR

Where:
NEegR is the number of EBR blocks used in the design
Keer is the power constant for the EBR blocks (in mW/MHz)
fmax is the maximum frequency of the EBR clock (in MHz)
AFegRr is the activity factor for the read and write ports of the EBR (as a percentage of switch-

ing frequency)

Also note that the Slice can be configured in the Logic, Ripple or Distributed RAM modes. Each of these modes
has different power constants/power coefficients. In general, though, the equations stay the same.
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The AC power of some of the dedicated blocks such as PCS, SERDES or MACO™ can be calculated using the fol-
lowing equation.

Total AC Power (Dedicated Resource)
= Kresource " fmax * Nresource

Where:
NRESOURCE is the number of resources used in the design
KRESOURCE is the power constant for the resource (in mW/MHz)
fMAX is the maximum frequency at which the resource is running (in MHz)

Activity Factor Calculation

Activity Factor % (or AF %) is defined as the percentage of frequency (or time) that a signal is active or toggling of
the output.

Most of the resources associated with a clock domain are running or toggling at some percentage of the frequency
at which the clock is running. Users must provide this value as a percentage under the AF% column in the Power
Calculator tool.

The AF% is applicable to the PFU, Routing, Memory Read Write Ports, etc. The activity of I/Os is determined by the
signals provided by the user (in the case of inputs) or as an output of the design (in the case of outputs). The rates
at which 1/Os toggle define their activity. The 1/0 Toggle Rate or the I/O Toggle Frequency is a better measure of
their activity.

The Toggle Rate (or TR) in MHz of the Output is defined as the following equation.
Toggle Rate (MHz) = 1/2 * fpax * AF%

Users are required to provide the TR (MHz) value for the 1/O instead of providing the frequency and AF% in case of
other resources.

Although it is possible to calculate the AF for each routing resource, output or PFU, this involves in-depth calcula-
tions. For example, in a 16-bit counter, the LSB node of the 16-bit counter is switching every clock rising edge for
an Activity Factor of 1. The second node is switching every other clock rising edge that corresponds to an Activity
Factor of 1/2. The third node is switching every fourth clock rising edge for an Activity Factor of 1/4. The series for
the sequence of 16 nodes is 1 + 1/2 + 1/4 + 1/8 + 1/16 + ... + 1/215 converges to 2. Assuming a sum of 2 for the
counter, divide by the total number of nodes (16) to measure the average AF per counter of 2/16 = 0.125.

The general recommendation for a design occupying roughly 30% to 70% of the device is that the AF% used
should be between 15% to 25%. This is an average value that can be seen most of the design. The accurate value
of an AF depends upon clock frequency, stimulus to the design and the final output.

Ambient and Junction Temperature and Airflow

A common method for characterizing a packaged device’s thermal performance is with “Thermal Resistance”, or 6.
For a semiconductor device, thermal resistance indicates the steady state temperature rise of the die junction
above a given reference for each watt of power (heat) dissipated at the die surface. Its units are °C/W.

The most common examples are 6,4, Thermal Resistance Junction-to-Ambient (in °C/W) and 6 ¢, Thermal Resis-
tance Junction-to-Case (also in °C/W). Another factor is 0,5, Thermal Resistance Junction-to-Board (in °C/W).

Knowing the reference (i.e. ambient, case or board) temperature, the power and the relevant 8 value, the junction
temperature can be calculated as follows.
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TJ:TA+6JA*P (1)
TJ=TC+6JC*P (2)
TJ=TB+6JB*P (3)

Where T, T, T¢ and Tg are the Junction, Ambient, Case (or Package) and Board temperatures (in °C) respec-
tively. P is the total power dissipation of the device.

0,4 is commonly used with natural and forced convection air-cooled systems. 8¢ is useful when the package has a
high conductivity case mounted directly to a PCB or heatsink. And 6,5 applies when the board temperature adja-
cent to the package is known.

Power Calculator utilizes the Ambient Temperature (°C) to calculate the Junction Temperature (°C) based on the
0, for the targeted device, per equation 1 above. Users can also provide the Airflow values (in LFM) to get a more
accurate value of the Junction temperature.

Power Calculator

Power Calculator is a powerful tool which allows users to estimate power consumption at three different levels:

1. Estimate of the Utilized Resources
This is the first level of estimation. In this stage, the user provides estimates of device usage in the Power
Calculator Wizard and the tool provides a rough estimate of the power consumption.
2. Post Place and Route Design
This is the second level of estimation. In this stage, the user’s design has been placed and routed in the
ispLEVER design tool. This provides a more accurate approach, as the exact device utilization information
is imported from the placed and routed netlist (NCD) file. During this stage, the user is required to provide
frequencies (fyyax), activity factors (AF%) and the toggle rate (TR in MHz).
3. Post Place and Route and Post Simulation
The third level of power calculation takes the power calculations from the second stage and also allows
users to import the post-simulation file (VCD file, output of ModelSim®), the trace report file (TWR file) or
the preference file (PRF file), as generated by ispLEVER. These files provide the data for the frequency
(fmax), activity factors (AF%), and toggle rate (TR in MHz) cells in Power Calculator.

Starting the Power Calculator

Users can launch the Power Calculator by one of two methods. The first method is to click the Power Calculator
button in the toolbar as shown in Figure 8-2.
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Figure 8-2. Starting Power Calculator from the Toolbar
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Alternatively, users can launch Power Calculator by going to the Tools menu and selecting Power Calculator as

shown in Figure 8-3.

Figure 8-3. Starting Power Calculator from Tools Menu
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Note: Power Calculator does not support some of Lattice’s older devices. The toolbar button and menu item are
only present when supported devices are selected.

Creating a Power Calculator Project

Once the Power Calculator has been started, users will see the Power Calculator window. Click File -> New to get
to the Start Project window as shown in Figure 8-4.

Figure 8-4. Power Calculator Start Project Window (Create New Project)
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The Start Project Window is used to create a new Power Calculator Project (*.pep project). Three pieces of data
must be input in the Start Project Window.

1. The Power Calculator Project Name by default is same as the Project Navigator project name. Users can
change it if they desire.

2. Project Directory is where the Power Calculator project (*.pep) file will be stored. By default, it is stored in
the main project folder.
3. Input an NCD File (if available) or users can browse to the NCD file in a different location.
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Power Calculator Main Window
The main Power Calculator window is shown in Figure 8-5.

Figure 8-5. Power Calculator Main Window (Type View)
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Status: advanced

The top of the window shows information regarding device family, device and part number as it appears in the
Project Navigator.

Power calculation depends upon a number of other voltage supplies in addition to the core voltage supply, Vec.
Vceio voltage supplies for the 1/0Os also contribute to the final power consumption of the device, and other voltage
supplies such as Vgoayx and Vg, also affect the final power consumption.

The present version of the Power Calculator tool uses the default values of these voltage supplies. For other Power
Calculator assumptions, refer to the Power Calculator Assumptions section at the end of this document.

The top pane of the Power Calculator main window also includes information such as the Junction Temperature
(°C), which is calculated as a function of the Ambient Temperature (°C), also included here. Air flow is also

included.
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Upon opening up the Power Calculator, the second and third columns, shaded blue, provide the DC (static) and AC
(dynamic) power consumption, respectively.

The first row shows the Quiescent power, which is the DC power of a device with no resource utilization.

The columns to the right of these, shaded yellow, show factors like fyax, resource utilization, Activity Factors (AF%)
etc. that affect the static and dynamic power consumptions.

Power estimation is reported in two ways using the tabs:

1. Type View, the tabular format shown in Figure 8-5

2. Power Report, a text-based power estimation report shown in Figure 8-6

Figure 8-6. Power Calculator Main Window (Power Report View)

E Power Calculator W:,JPSingh'Project 22 Fujitsu ¥P10 Icc Measurementssfr_5000_XP10C_Socket_5.1'%p_power_test_5.1 _SPl.pep 0] x|
File Edt Help

|D|=|@| o]a]

Family: ILatliceSC 'I Device:

LFSC30A25E = | Part Mame: ILFSCBGA2SE-5FQDDCS -

Ve Il 20 - W Heat Sink: Mo = | Ambient Temperature:|25.[l [
Ve |3 3 - | W Operating Conditions: [Typical - | Junction Temperature: |52.454 [
Airflowe ID - | LFM
Total Estimated | Estimated | Estimated | Estimated | Estimated | Estimated | Estimated | Estimated | Estimated | Power
Estimated Design Design Unused Design Design Design Design Design Design Up
Design Wi i) Wecio Weocaux 2.5 | Wicio 3.3V | Weocio 2.5% | Wecio 1.8 | Wecio 1.5V | Wecio 1.2y DC
Power imid (1575 2434 [1355 2545 [1.0 5 6516 5.0 65575 0.0 0.0 0.0 0.0 (1400
lcc tmA) 11537529 [1126 0445 (27271 06335 2. 2526 19255 0.0 0.0 0.0 0.0 [116 BEGE

Power Vlewl Ico Wiewe  Report

ispLever 5.11 - Power Calculator 5.11

Copyright(C) 2004 Lattice Semiconductor Corp., All Rights Reserved

Model Revision: 1.30
Miodel Status advanced
Design Marme: TOP_SFR5000
Farnily: Lattice3C
Device: LFSC3GAZSE
Package: LF3C3GAZSE-5FO00CES
Adrflov, 0
Voo 1.2
Heat Sink Mo
Vo 3.3
Operating Conditions: Trypical

Detail Summary

TpEn an exising Frojed
Project Mame: xp_power_test_5.1_SP1

Project File: WJPSinghProject 22 Fujitsu ¥P10 lce Measurementsistr_5000_XP10C_Socket_5.1%p_power_test_5.1_SP1 pep

Project Directory: WP SinghProject 22 Fuiitsu XP10 Ice Measurerentsisfit_5000_P10C_Socket 5.1

Status: advanced

Power Calculator Wizard

The Power Calculator Wizard allows users to estimate the power consumption of the design. Because this estima-
tion is done before a design is created, users must understand the logic requirements of the design. The Wizard
allows users to provide these parameters and then estimates the power consumption of the device.
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To start the Power Calculator in the Wizard mode, go to File -> Wizard. Alternatively, you can click on the Wizard
button to get the Power Calculator - Wizard window, as shown in Figure 8-6. Select the option Create a new
Project and check the Wizard check box in the Power Calculator Start Project window. Users must provide the
project name and the project folder and click Continue. Since this is power estimation before the actual design, no
NCD file is required.

Figure 8-7. Power Calculator Start Project Window (Using the New Project Window Wizard)

ﬂ Power Calculator

Power Calculator - Wizard
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In the next screen, as shown in Figure 8-7, users select the device family, device and appropriate part number.
After making the proper selections, click Continue (see Figure 8-8).
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Figure 8-8. Power Calculator Wizard Mode Window - Device Selection
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In the following screens (Figures 9, 10, 11, 12 and 13) the users can select additional resources such as I/O types,
provide a clock name and the frequency at which the clock is running, and other parameters, by selecting the
appropriate resource in the pull-down Type menu:

1. Routing Resources
2. Logic

3. EBR

4. 1/0

5. PLL

6. Clock Tree

7. DLL

The number in these windows refers to the number of clocks and the index corresponds to each of the clocks. By
default, the clock names are clk_1, clk_2, and so on. Clock names can be changed by typing in the Clock Name
text box. For each clock domain and resource, parameters such as frequency, activity factor, etc. can be specified.
User must click the Create button for each clock-driven resource to include the parameters they have specified for
it in the final window.

These parameters are then used in the Power Type View window (Figure 8-14) which is visible after clicking on
Finish.
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Figure 8-9. Power Calculator Wizard Mode Window, Resource Specification: Logic
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Figure 8-10. Power Calculator Wizard Mode Window, Resource Specification: EBR
E
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Figure 8-11. Power Calculator Wizard Mode Window, Resource Specification: PLL
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Figure 8-12. Power Calculator Wizard Mode Window, Resource Specification: Routing Resources

Power Calculator - Wizard x|

Type of Resource: IRoutingResource VI
Mumber of Clock Domains: Il Create |

Clock Domain: Il YI
Clack Mame: IcllLl

Frequency (MHz): l?‘U—

Activity Factor () IZLS—

Utilization for x0 g ll—

Utilization for x1 P& IE—

Ltilization for x2 & |4—

Utilization for x& g IDS—
[

Ltilization for Clkmux %)

Finish Back | Cancel | Help |

8-13



Lattice Semiconductor

Power Estimation and Management

for LatticeSC Devices

Figure 8-13. Power Calculator Wizard Mode Window, Resource Specification: I/O
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Figure 8-14. Power Calculator Wizard Mode, Main Window
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Total Estimated | Estimated | Estimated | Estimated | Estimated | Estimated | Estimated | Estimated | Estimated | Pomer
Estimated Design Design Unused Desigh Design Design Desigh Design Design up
Design Wi Wiy Wecio Wecaux 2.5% | Wecio 3.3% | Wecio 2.5V | Weeio 1.8 | Yeeio 1.5V | Wecio 1.2% il
Powier (i [381 5986 [385.7189 10 54389 |50 0.0 oo 43387 oo 0.0 [140.0
leo tmAy |314.0797 [a047648 Jo3o2g  Jestas 2o oo oo 2.438 [i¥i] oo 116 5566
Pawver Yiew I lec ViEWI Report
Culiescent » DC Poweer...
Cluiescent Yoo [140.0000
Guiescent Yoo1p2  (9.0000
Cuiescent Yocaux  [5.0000
Giuigscent Yooio 54889
Guiescent Voo [1.0000
Routing Resource »| oc Power...| ac Powe...| Freq.ovhzy | aF %) | 0 Utiizatio...| 1 iizatio...| x2 Utiizatia... | %6 Utiizatio... | cik Utiizatio.. |
il 1 4 5030 [#16226 [r0.0000 [15.0000 [1.0000 |6 0000 [4.0000 05000 [4.0000 |
Logcs  |pcrower.| acrowe..| Freq.omizm | aFee) | LodieLurs [pist.Ram sl | Ripple Sices | Registers |
ol 1 0.0000 | [70.0000 [toooooo o i o o
ol _2 |o.5680 [1z.5740 50,0000 20,0000 3000 [200 o o |
EER » |oc power...| ac Powe...| Freq. iz | & R o () | aww ar 0| BRoaF (30 | B ar | Twpe | Biockram |
il 1 [o.a17a [1z0458  [70.0000 ltoooooo hoooooo  [oooooo  [tooodon [RamDa 3
0% |oc power...|oc Power.. | acpower . | acrower | mput v, [owpt R .| Tyee | mputs | owpts [ Ber | 1oResisters [ average ou. |
ol 1 0.2 [o.2310 |o.0z77 [# 1579 lso [1g0 |Lvemos1s s o 4 h7 [sar 5 |
PLL » |ocpower...| acpowe..| Freq. oz [ p |
ol 1 heoooo |2 zE00 70,0000 [ |
Clack Tree » IDC inar...l AC Powve. I Freq. (hHz) |
ol 1 |0.2630 [1o.4440 [70.0000 |
DLL » |ocpower...| acpowe..| Freq. oz [ o |
ol 1 |0.0000 | 70,0000 o |
PCS SERDES » IDC inar...l AC Powve. I Freg. (hiHz) | hoce I Geating Ratiol Channels I Tx Channel I R Channel I Tx Amplituce I Tx Pre-gtnp |
ol 1 [o.1511 [togz00a [Fo.0000 |Packet_5x  |oear_Off [0 zera Zera 0% Jood |
{ Click. for combao box
Lsing Wizard d
Froject Name: xp_power_test 51_5P1
Froject File: WiJPSinghiProject 22 Fujitsu XP10 lce Measurermentsisfr_5S000_XP10C_Socket_5.1uwp_power_test 51_5P1 pep —
Proiect Directnre WL IPSinohiProiect 22 Fuiitsn ¥P10 e Measurementsisfe AO00 XP1NC Socket A1 ﬂ
Status: advanced

Power Calculator — Creating a New Project Without the NCD File

Users can start a new project without the NCD file, either by using the Wizard (as discussed above) or by selecting
the Create a New Project option in Power Calculator - Start Project. The project name and project directory
must be provided. After clicking Continue, the Power Calculator main window will be displayed.

However, in this case there are no resources added. The power estimation row for routing resources is always
available in the Power Calculator. Additional information such as Slice, EBR, 1/O, PLL and clock tree utilization must
be added to calculate the power consumption.

For example, to add logic resources, right-click on Logic >> and select Add in the menu, as shown in Figure 8-15.
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Figure 8-15. Power Calculator Main Window — Adding Resources

m Power Calculator we'jpsingh’,project 22 fujitsu xpl0 icc measurementsisfr_5000_xpl0c_socket 5.1%%p_power testl.pep* -0 ﬂ
File Edit Help

|Clela| =]

Family: |LatticeXP 'I Device ILFXPIUC -I Part Mame LFXP1OC-5F256CES 'I
Wec: 1.80 'I W Heat Sink: INo 'I Ambient Temperature: (250 C
Wecj 33 vl W Operating Conditions: [Typical - | Junction Temperature: [25.63 C
Airflawe |0 'I LFh

Total Estimated | Estimated | Estimated | Estimated | Estimated | Estimated | Estimated | Estimated | Estimated | Power
Estimated Desigh Design Unused Design Design Desigh Design Design Design Up
Design Wi W) Weeio Wecauwx 3.3% | Wecio 3.3 | Wecio 2.5 | Wecio LEW | Weeio 1.5% | Wecio 1.2 DC
Power (mV\OI181 5596|516 E.6599 24 3997 19849 0.0 0.0 0.0 0.0 0.0 206.4
lec imA)  |809572 [2B.6663 |2.0M81 20,3332 [29.9695 0.0 0.0 0.0 0.0 0.0 114 6EE6E

Powver Yigw | lec View | Report |

Quigscernt » DC Pawver I
Cuiescent Yoo 21 6000
Guiescent Yooaux  |96.9000
Guiescent Yeooio 24 5335
[Cuiescent Yoo F.6533

Routing Resource »| DC Power...| aCPowe...| Frea iizy | aF ) | xoutiizatio. .| x1 tiizatio .. | x2 tiizatio. . | 6 Utiizatio... | cie iizatio...

Logio»  |DCPower.| acpows. | Freq pizy | aF) | LodicLuts [pist.rams).| Ripple Sices | Registers |

AddRov | AT oo o o [o b

|ocrower. | acrows...| Freq. (hz) [ & raaF () | awr aF )| BRAAF 0 | B ar | Tvpe | Biockram |

IDC Povever I DC Povver . I AC Povver .. I AC Povweer . I Input TR (k. I Ouput TR (.. | Type I Inputs | Outputs I Bidir 2 Registers | Average Ou...

|ocrower. .| acrowe..| Freq iz [ rL |

IDC Pvrver I AC Powa...l Freq. (MHZ) I

Clack Tree »

pess  |pcrower | acrowe | Freq oz | pas |

DGSDLLs  |pcPower [ acpowe | Freq iz [ pesoi |

Froject Diteciary. P SInamPTOject 22 FUIEU AP0 160 MEasurarnensist_Ba00_wP T 0C_Sothel 5.1 =]

L sing Wizard

Project Name: xp_power_test 5.1_SP1

Project File: WAJPSinghProject 22 Fujitsu ¥P10 lce Measurermentsisfr_S000_¥P10C_Socket_5.1wp_power_test_ 51_SP1.pep
Froject Directory: WP SinghiProject 22 Fujitsu XP10 lce Measurementsisfr_5000_XP10C_Socket_5.1

Create a new Project

Froject Mame: xp_power_test1

Froject File: wijpsinghlproject 22 fujitsu xp10 icc measurementsisir_5000_xp10c_socket_5.1'wp_power_tesil.pep
Froject Directory: wjpsinghyaroject 22 fujitsu xp10 icc measurementsistr_5000_xp10c_socket_5.1 =l
Status: advanced

This adds a new row for the logic resource utilization with clock domain as clk_1.

Similarly, other resources such as EBR, I/Os, PLLs and routing, can also be added. Each of these resources is for
AC power estimation and categorized by clock domains.

Power Calculator — Creating a New Project With the NCD File

If the post place and routed NCD file is available, Power Calculator can use this file to import accurate information
about the design data and resource utilization to be used to calculate power. When the Power Calculator is started,
the NCD file is automatically placed in the NCD File option, if available in the project directory. Otherwise, the user
can browse to the NCD file in the Power Calculator.
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Figure 8-16. Power Calculator Start Project Window with Post-P&R NCD File
|

Power Calculator 5.11

Copyright{Z) 2004

Lattice Semiconductar Corp., All Rights Reserved

Project Mar e: pr_power_tesﬂ

Praject Directory: Iuts\sfr_SElDD_xpch_socket_S.l ﬁ’.l

MCD File: I_socket_5.1\xp_p0m-er_test.ncd |j"|

Finish | Cancel Help |

The information from the NCD file is automatically inserted into the correct rows and Power Calculator uses the
Clock names from the user’s design as shown in Figure 8-17.
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Figure 8-17. Power Calculator Main Window with Resource Utilization Picked Up From the NCD File

E Power Calculator Wi JPSingh'Project 22 Fujitsu P10 Icc Measurements'sfr_5000_XP10C_Socket_5.1%xp_power_test 5.1 SPl.pep o |EI|£|
File Edt Help

|Olem| =] 9

Family: ILatticeSC 'I Device: LFSC3CA2S5E - | Part Mame: ILFSC3GA25E—5FBUDCE -
Ve Il 20 - | W Heat Sink: No - | Amhbient Temperature:IZS.U [
Ve |3 3 - | W Operating Conditions: [Typical - | Junction Temperature: |32 63 [
Adrflaw: IU x| LFM

Total Estimated | Estimated | Estimated | Estimated | Estimated | Estimated | Estimated | Estimated | Estimated | Power
Estimated Desigh Design Unused Design Design Desigh Design Design Design Up
Design Wi Wi Wicio Wecaux 2.5 | Wecio 3.3V | Weeio 2.5 | Vecio 1.8 | Wecio 1.5V | Wecio 1.2% DC
Power imi | 351 5066 [365.7189  [1.0 54889 5.0 oo 0.0 43887 0.0 oo (1400
lec imAy |314.0797  [304 7649 |0.3029 4.5739 2.0 oo 0.0 2,438 0.0 0.0 [116 EEEE

pawer view | icc view | Report|

Guiescent » DC Power. |
Cuiescent Voo 140.0000
Guiescent Yool p2  |9.0000
Guiescent Yocaux  |5.0000
Cuiescent Yeocio 5.4863
Guiescent Yoo 1.0000

Routing Resource »IDC Poueer. | AC Powe...l Freq. (MHz) | AF (%) I =0 Liilizatio.. | x1 Lrtmzatln...l =2 Utilizatio.. | =6 LﬂIIIZa‘tID...I Clk Litilizatio.. |

ck_1 45030 [#1.6226  [70.0000 [15.0000 [1.0000 [6.0000 |4.0000 0 5000 |4.0000 |

Logic = IDC Poseer. | AC Powe...l Freq. (MHZ) | AF (%) I Logic LUTs |D|s‘t. RAM SI...I Ripple Slices | Registers I
ck_1 0.0000 [0.mo00 [70.0000 [todoooo @ o o o |
ck_2 9.5560 [1z.a740 Js0.0000 20,0000 3000 [200 o o |

EER » |oc power. .| ac powe...| Freq. puhzy | & Ra aF () | A aF (50) | SR aF ) [ B ar )| Type | Blockram |
ck_1 loai7a [1z0455  [70.0000 [todoooo Hoooooo  [ioooooo foodoon  [RamDe A |

10 2 IDC Posweer. | DiC Povwer .. I AC Povwver .. | AC Povver .. I Input TR (M. | Cutput TR (I Type | InpLts: I utpLts | Bidir I 10 Registers | Average Ou. I

ck_1 .26 [0.2310 o7 |4.457 50 X |Lvcmos1e s [o |4 [17 [scr 3

PLL » |oc power. | acpowe..| Freq. gz [ L |
ck_1 Meooo0 [2.a600 [70.0000 1 |

Clock Tree = IDC Poseer. | AC Powe...l Freq. (MHZ) |

ck_1 [0.2630 [1o.4440 700000 |
DLL» |oc power. .| acpowe..| Freg. gz [ o |
ck_1 0.0000 | [70.0000 o |
PCS SERDES = IDC Poueer. | AC Powe...l Freq. (MHzZ) | Macle I Gearing Haﬂol Channels I Tx Channel | Rx Channel I Tx Ammplituce | Tx Pre—emp...l
ck_1 04511 [1o5.3938 [70.0000 |Packet_5x  lear_ Ot [0 |zera [zern 0% [oon |

Froject File: WAIPSinghiProject 22 Fujitsu P10 Icc Measurementsisfr_5000_XP10C_Sncket & 1ip_power_test_5.1_SP1 pep
Froject Directory: WJPSinghiProject 22 Fujitsu XP10 lcc Measurementsisfr_5000_XP10C_Socket 5.1

[ENIET

Status: advanced

Power Calculator — Open Existing Project

The Power Calculator - Start Project window also allows users to open an existing project. Select the option
Open Existing Project and browse to the *.pep project file and click Continue. This opens the existing project in
similar windows, as discussed above (see Figure 8-18).
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Figure 8-18. Opening Existing Project in Power Calculator

4 Power Calculator 1Ol x|
File Edit Help
|Dlzm|s|e
Fovwver View | leo V\ewl Raportl
Eﬂpen Power Project 1 il
Lookin | sfr_5000_xP10C_Sockst_5.1 =l ck[E
D syntmp
D xp_power_test dir
B xp_power_test pep
File name: prJJOWEI’_tEST pep Open |
Files oftype:  [pawver Froject File ( pep) ~|  canca |
=
=

Power Calculator — Total Power
A Power Calculator project created or opened using any of the methods discussed above allows a user to calculate
the power consumption for a device running within their design.

The estimated power is indicated in the Total section at the bottom of the table, as shown in Figure 8-19.
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Figure 8-19. Calculated Power in the Power Calculator Main Window

m Power Calculator W1, JPSingh'Project 22 Fujitsu XP10 Icc Measurements)sfr_5000_%P10C_Socket_5.1%xp_power_kest 5.1 SP1.pep =] 3}

File Edit Help

oo 59|

Family: |LatticeSC 'I Device ILFSC3GA25E 'I Part Mame LFSC3GA25E-SFI00CES 'I
e 1.20 vl\l Heat Sink: INu vl Ambient Temperature: |25.0 C
weg): 33 'I W Cperating Cond\tions:lTypical 'I Junction Temperature: |52 464 C
Adrflows [0 'I LFH

Total Estimated | Estimated | Estimated | Estimated | Estimated | Estimated | Estimated | Estimated | Estimated | Power
Estimated Desigh Design Unused Design Design Desigh Design Design Design Up
Design W Wecj Weeio Weeauwx 2.5% | Wecio 3.3 | Wocio 2.5 | Wecio 18 | Weeio 1.5% | Wecio 1.2 DC
Power (mW 13732434 [1355.2543 1.0 5 B318 5.0 E.3573 0.0 0.0 0.0 0.0 140.0
lec mA)  |1133.7820 [1126.0443 |2.7271 08333 22526 1.9255 0.0 0.0 0.0 0.0 116 6666
Pawver View | lce Viewl Report
Quiegscernt » DC Pawver ...
Guiescent Yoo 140.0000
[Guiescent Yecaux  [5.0000
Guiescent Yocio 5 6519
[Quiescent Vo 1.0000
[Guiescent Veolp2  [9.0000
Routing Resource »| DC Power. | acPowe. [ Frea thizy | aF i) | %0 Utiizatio. [ 1 Utitzatio. .| x2 tiizatio... | 6 Utiizatio.. [ cik Ltiizatic. |
COMBINATORIAL (21254 [2722455  [1o0.0000  [ioooooo  [0.7ESZ2 Jog250 [a.0734 [2.4132 06250 |
olk_in_c |2g9488  |p2oarsn froooooo hoooooo f1sao4z l10.42s3 |5.4284 [1.z872 441148 |
Logc»  |pcPower.|acrowe .| Frea win [ aFeer | LosicLurs [Dist. Ram sl | Ripple Slices [ Registers |
clk_in_c [126m5  [24e700s  froooooo  foooooo  [soos o o 5oz |
EBR»  |oCPower. | acPowe. | Frea tiz [ ardar o [ awr af 0| Braar e [ Bvwar e[| Twee | BlockRam
0% DiC Powver... | DS Power...| AC Power ... | AC Power ... | Input TR (M. | Cutput TR (.. Type Inputs Outputs Bidir I Registers | Average Ou...
COMBINATORIAL  [0.0030 0.0549 0.0124 29124 50.0000 50.0000 LvCMOS33 |5 o 0 hone 5
clk_in_c 0.0005 0.0109 0.0029 05524 50.0000 50.0000 LYCMOS33 |1 ul 0 none 5
clk_in_c 0.0005 0.0109 0.0029 08250 50.0000 50.0000 LYCMOS33_8 [0 1 o hone 5
clk_in_c 0.0005 0.0109 0.0043 1.8500 50.0000 50.0000 LYCMOS33_8 [0 1 o zdr 5
PLLs  |pcrower [acrowe | Fres omin [ PLL
Clock Tree » IDC Poseeer I AC Powa...l Freg. (MHZ) I
olk_in_c |o.2620 Mmoo fooooon |
OlLs  |ocrower. [acrowe | Frea omin [ o |
PCS SERDES » I DiC Powwer I AC Powa...l Freg. (MHZ) I Mode I Gearing Ratio Channels Tx Channel Rx Channel | Tx Amplitude | Tx Pre-emp..
OpEn an exshing Project ;I
Froject Mame: xp_power_tesi_51_5P1
Froject File: WlJPSinghiProject 22 Fujitsu XP1 0 lce Measurementsisfr_a000_xF10C_Socket_5.1wp_power_test_51_SP1.pep
Froject Directony: WP SinghiProject 22 Fujitsu XP10 Icc Measurementsigfr_S000_XP10C_Socket_5.1 =
-

Status: advanced

The second and third columns from the left indicate the DC (static) and AC (dynamic) power consumption. The
total power consumption for the design can be seen in the same table by scrolling down to the row labeled Total.

Power Calculator Assumptions
The following are assumptions made in the Power Calculator:

1. The Power Calculator tool is based on equations with constants based on room temperature of 25°C.

2. Users can define the Ambient Temperature (T,) for the device Junction Temperature (T ) calculation
based on the power estimation. T is calculated from user-entered T, and the power calculation of typical
room temperature.

3. 1/O power consumption is based on output loading of 5pF. Users have the ability to change this capacitive
loading.

4. Power Calculator allows users to get an estimate of the power dissipation and current Ve, Vecios Vecy
and Vgcaux- Note that the power shown for V¢ is a combination of the power that is supplied on both
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Ve and Vo For Vecauxs only static Io¢ values are provided at this time. For differential output buffers,
differential input buffers and reference input buffers, the following DC bias currents are not included in the
Power Calculator (needs to be added per pair for differential buffers, per pin for reference input buffers):

Typical - Differential Output Buffer: 9.5 mA (6 mA buffer mode - HyperTransport), 7.0 mA (3.5 mA mode -
LVDS) or 5.5 mA (2 mA mode - RSDS).

Typical - Differential/Reference Input Mode Buffer: 3.0 mA (low power mode - single-ended reference
inputs or differential inputs with common mode >600 mV at an differential input voltage of 100 mV at rates
up to 2 Gbps), 5.0 mA (high power mode - full differential specification ranges for common mode up to
rates of 2 Gbps).

Worst Case - Differential Output Buffer: 10.6 mA (6 mA buffer mode), 8.2 mA (3.5 mA mode) or 6.5 mA (2
mA mode). Worst Case: Differential/Reference Input Mode Buffer: 3.5 mA (low power mode), 6.0 mA (high
power mode). For the Differential Output Buffer, there is also an AC component missing from the Power
Calculator (both typical and worst case are equivalent):

Clock Output at 1 GHz (100% activity): 10.4 mA (6 mA buffer mode), 9.8 mA (3.5 mA mode) or 9.5 mA (2
mA mode)

PRBS 27 Data Output at 1 GHz: 5.4 mA (6 mA buffer mode), 4.8 mA (3.5 mA mode) or 5.3 mA (2 mA
mode)

5. The nominal V¢ is used by default to calculate power consumption. Users can choose a lower or higher
V¢ from a list of available values.

6. Power Calculator allows users to enter airflow in Linear Feet per Minute (LFM) along with the Heat Sink
option to calculate the Junction Temperature.

7. The default value of the 1/O types for LattticeSC devices is LVCMOS25, 8 mA. If the Power Calculator
encounters a buffer type it does not understand it will issue a warning and use this buffer type.

8. The Activity Factor (AF) is defined as the toggle rate of the registered output. For example, assuming that
the input of a flip-flop changes at every clock cycle, 100% AF of a flip-flop running at 100MHz is 50MHz.

9. Allof the input and output I/O pads have a dedicated programmable parallel termination to Vg0, GND or
Thevenin termination to Vg o/ or to V- All the differential input pads can also be differentially termi-
nated on all sides of the device. In addition to differential termination, common mode differential termina-
tion is available for differential signals using the Vgt node in the bank.

In general, I/O power can be calculated by splitting between input and output power dissipations.

The power dissipated by the chip I/0 can be calculated by splitting the input and the output power dissipa-
tion:

Pio =Pin+Pour
= (NN " Zin " V27 1) + (Nout * ZouT " V2 " f) MW

* P\ is the total power dissipation due to input pins

* Ny is the number of input pins used

* Z\n is the average impedance of each input pin used

* Poyr is the total power dissipation due to output pins

* Noyr is the number of output pins used

* Zouyr is the average impedance of each output pin used

In considering the power dissipation of the 1/Os, it should be noted that each termination chosen by the
user has a power consumption associated with it. This would also be affected when there is an output load
on the I/Os.
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10.

11.

12.

None of the I/O terminations found on the LatticeSC device are included in the results from the Power Cal-
culator. These need to be added to the V¢ g power that is already included per buffer using the following
equations:

V7 Termination: Power/buffer = (Vg o/2-0.4V)? / Termination Resistance

Dynamically switched Vt termination:
Power/buffer = ((Vgcjo/2-0.4V)? /Termination Resistance) * % time as an input buffer

Thevenin Equivalent: Power/buffer = ((VCCIO?) / 4x Termnination Resistance) + ((Vcgio - 0.4V)? / 2x
Termination Resistance)

The system bus is a low speed serial bus and it is always “on”. The wide data bus configuration of 32 bits
with 4-bit parity supports high-bandwidth and uses the memory map. A master interface can access each
of the slave peripherals on the system bus. The system bus is on during power-up and the power con-
sumption stays constant during operation.

A heat sink can be included for each package. The heat sink, provided as a guide only for these devices,
is an extrusion type with a maximum height of 1". This heat sink may overhang the dimensions of the
package by as much as 10 mm per side to provide more surface area. Also included is a thermal bonding
material that adds the following to the Theta-CA value of the heat sink: 0.2 for flip-chip packages (256
fpBGA and 900 fpBGA) and 0.6 for wirebond packages (all other packages). Users must determine the
heat sink requirements for their application and provide their own Theta-CA values for the combination of
the heat sink plus thermal bonding material as per the air-flow of their particular board.

The Power Calculator assumes that all four channels in a SERDES quad channel group are operation and
that the Amplitude Boost mode is disabled.

Managing Power Consumption

One of the most critical factors in design today is the reduction of system power consumption. A low order reduc-
tion in power consumption goes a long way, especially in hand-held devices and other modern electronics. There
are several design techniques that can be used to significantly reduce overall system power consumption. Some of
these include:

1.

Employ power supplies efficiently. Reducing the operating voltage by operating at a lower and typical volt-
age rather than at the upper level reduces the power consumption of the device. For example, using the
capability for the core to run at VCC = 1.0V typical saves approximately 50% core power from the higher
level of VCC = 1.2V. By reducing the voltage swing of the I/Os where possible, a double-ended LVDS will
have much less voltage swing as compared to the singles ended CMOS.

Operate within the specified package temperature limitations.

Use optimum clock frequency to reduce power consumption, since the dynamic power is directly propor-
tional to the frequency of operation. Designers should determine if some portions of their design can be
clocked at a lower rate to reduce power.

Reduce the span of the design across the device. A more closely placed design utilizes fewer routing
resources and therefore less power consumption.

Use optimum encoding where possible. For example, a 16-bit binary counter has, on average, only 12%
Activity Factor and a 7-bit binary counter has an average of 28% Activity Factor. On the other hand, a 7-bit
LFSR counter toggles at an Activity factor of 50%, which causes higher power consumption. A gray code
counter, where only one bit changes at each clock edge, uses the least amount of power, as the Activity
Factor is less than 10%.

Large current surges during power-up sequencing cause higher power consumption. When possible, try
reducing or eliminating these spikes.

For hand-held and portable electronics, designers should use an efficient battery management system.
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8. Minimizing operating temperatures by the following methods:
a. Use packages that can better dissipate heat.
b. Place heat sinks and thermal planes around the device on the PCB.

9. Employ airflow techniques that use mechanical airflow guides and fans (both system fans and device
mounted fans).

10.Use of VTT termination in the device can save over 60% of the power required for on-chip termination ver-
sus Thevenin equivalents. If the dynamically enabled VTT termination is used and a 50% duty cycle of
inputs to outputs is assumed, this power can be reduced by another 50%.

11.Use of embedded MACO blocks also reduces power. The power reduction of MACO versus the same
function implemented in FPGA logic is typically greater than 50%.

Revision History

Date Version Change Summary
February 2006 01.0 Initial release.
November 2006 01.1 Power Calculator Assumptions section - Updated for heatsink and
Vceaux options.
March 2007 01.2 Removed VCCPLL supply references.

Added note after Power Calculator Wizard Mode Window, Resource
Specification: PLL figure.

Updated LatticeSC Power-Up and Power-Down Trip Points table.
Updated Power Calculator Assumptions section.

Updated Managing Power Consumption section.

July 2007 01.3 Document title changed to “Power Estimatioon and Management for
LatticeSC Devices”.

Technical Support Assistance

Hotline: 1-800-LATTICE (North America)
+1-503-268-8001 (Outside North America)

e-mail:  techsupport@Iatticesemi.com

Internet: www.latticesemi.com
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