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Fan Controller Evaluation Board User’s Guide
References

1. LM63 £1°C/+3°C Accurate Remote Diode Digital Temperature Sensor with Integrated
Fan Control datasheet

2. LM64 +1°C Remote Diode Temperature Sensor with PWM Fan Control and 5 GPIO’s
datasheet

3. LM96163 Remote Diode Digital Temperature Sensor with Integrated Fan Control and
TruTherm® BJT Transistor Beta Compensation Technology datasheet

The latest copy of the datasheets can be obtained by going to the National Semiconductor
website www.national.com, by searching on the part number, and then downloading the
datasheet .pdf file.

4. SensorEval Version 1.1.0n or later Evaluation Board CD containing:
a. The SensorEval.exe executable program used to run the LM63EVAL/NOPB or
LM64EVAL/NOPB or LM96163EB/NOPB Evaluation Boards.
b. A softcopy of this User’s Guide
c. Areadme.txt file with useful information about the program.
d. A softcopy of the SensorEval Software manual.
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1.0 Introduction
This User’s Guide for the Fan Controller Evaluation

Board is used with the 3 variations:
LM63EVAL/NOPB, LMG64EVAL/NOPB, and
LM96163EB/NOPB boards. The board is used
together  with  the National Semiconductor

SensorEval software (provided in the kit), and with a
USB cable (not provided in the kit), with an external
personal computer (PC) running Microsoft Windows
® 2000 or XP, an external 4-terminal DC brushless
fan, and an external power supply capable of
providing the correct voltage (+5VDC or +12VDC)
and the correct current for the fan. Power to the Fan
Controller Evaluation Board is provided by the
+5VDC line of the USB connection.

The User should read through this User’s Guide
completely before proceeding to use the fan
controller evaluation board.

1.1Block Diagram

See next page for the Block Diagram.
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A Quick Start section explains about the hardware
setup, and there is a software section to get the
SensorEval software up and running.

The block diagram below describes the Fan
Controller Evaluation Board itself from a functional
perspective. The EEPROM is programmed at the
factory with a unique PID code for this particular
board. When the USB cable is plugged in, the PC
interrogates the USB devices and can identify this
device as the specific variation of Fan Controller
Evaluation Board.

The microcontroller on the board provides the
SMBDAT, SMBCLK, and SMBALERT signals and
relays the information from the temp sensor device
to the PC via the USB lines.

www.national.com
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2.0 Quick Start

1.

Install the CD into the CD drive of the computer and install the SensorEval software (see Section 4.0).

Make sure that the jumpers are set for the correct initial setup for the particular board you have (See Section
3.1). This is important to make sure that the Device Under Test (DUT) is connected correctly.

Refer to Figure 2.1 Quick Start Diagram to see the test setup and connections.

Connect the fan’s connector to the 4-terminal fan connector J6. Make sure that the fan’s pinout is the same as
for the board (refer to Section 3.1 connections for J6 connector.

Set the external fan supply to the proper voltage, turn it off, then connect it to the pins for the Fan Power Input
carefully observing the correct polarity.

For GPIO and GPD Pins

(LM64 Only)
National ﬁﬁ@ﬁ@ﬁﬁﬁlu oooooooo ul .
N Semiconductor 7.
Corporation BER E Fan Power Input
[ o
> ° )
ol 22 0 ge O
o
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I—, usB

Jumpers across

UDUDUUDUL

all pairs.
E
Cable
SH O w»
J1 om
LM P Pi o
ower Pin
BE[LolBE g =
FAN CONTROLLER BOARD
REV 1.25

Jg

on
— dE*B
us H

Figure 2.1 Quick Start Diagram

Hookup the USB cable between the PC or notebook computer as shown in the Quick Start Diagram.

Run the SensorEval software clicking the icon on the desktop. If the user has any trouble with running the
SensorEval software please refer to the SensorEval Software User’s Guide (pdf format) in the SensorEval CD.
Make sure that you select the correct device file for the “LM63NOPB” or “LM96163NOPB” or
“LM64NOPB” as required. In the following sections the screens for the 3 types of boards for the fan
controller software are explained on the following pages.
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2.1 LM63EVAL /NOPB Board Only

For the LM63EVAL NOPB board make sure that the jumpers on
the board are connected correctly according to Section 3.1 Fan

Controller Evaluation Board Connection Table
The first screen will look like this:

I<JLM63/NOPB 3

Selectthe desired hardware

(¢ LMEI/MOPE Ewaluation Eoard
" LME3/NOFB ICH= Interface

" LMEI/MOPE Mo Hardware

Device

DK Arother

If this window is for another device’s board the following
window will show up. In this case simply select “Another

Device” button and the “LM63 NOPB” device ID, as shown

below.
Open Device
Lok in: ‘_} device j £ B~
y [ eocseses [ imes [l os0e3RcHS
! = [HLmoa & Imas163napt
MyFRecent  (ELma [H LMt
Documents gy B tmssat0
[ BN = Lmas071
[Fimsanont [E]es213
Desklop |5 g4 B 5214

_ = = Lmasz2:

__j =S = Lmas2at

[ m7s [ Lmosz3a

My agg:;":”ts 2] Lmas [ Lmas234
b [ Lrtee [ Lmosz3s

B [ L [ o524t

EIX

My Computer | 314851 [ o4

DCaAFFS4 (o0 B tmssan0
5

My Mebwark il name: ImEiEIr'uj i

Places

[
H

Files of lype |Device [

Open |
Cancel
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The next screen shows the initial “tab” for Registers 00-02 in
functional order.

I¥] LM63/NOPB Evaluation Board =119

File Dewice Help
Fead Cont [ Wiite On Change
OFF hd [ Read After Wit

Reg File: Start Start
I2C Addr [4c = Pit | Log | |if

EEE 0305 | 1149] 4651 | s25F | BFE

odr | Asttr Register Bit Field Register Bits (click] Hex | Bit Field VYalue

on Local Temp 0001 0110 [16 ([ 22 pegc

m Fiemote Temp MSE o001 0100 [14 | 20500 Degt

10 Remate Temp LSB Lo H HHHH [a0

E "NUEEEE [ |focee o
Lacal High Alam I o II IIII I—L|

Fiemote High Alarm III 0 ll.. ’—L|
Fiemate Low Alam IIII 0 III =
Fiemate Diode Fault Alam IIII l 1} II ’—L‘
Remate T_CRIT Alarm I II o I ’—L‘
(T D —

The screen shows what the first initial reading is from the first
data conversion. The next step is usually for the user to select the
pull-down box labeled “Read Cont” ALL REGS to continuously
read all registers so that the Local and Remote temperatures are
updated continuously. See below.

m LM63/MNOPB Evaluation Board

File Device Help
Fieg File Start Shart Read | Read Cont Iv ‘wiite On Changs
12C Addr [4c Plat Log | Regs | [MGEES [ Read After wite

fudr | At Riegister Bit Field Register Bits [click] Hex | Bit Field Value

0 Local Temp 0001110 16 |[ 22 Dagt

o1 Remate Temp M5B 0001 0100 [14|[ 20250 pege

10 Remote Temp LSB o1 o[ HEEE [«

02 Busy OREEREE e | -
Local High Alaim ("] ]] [ =

Fiemate High Alarm III o IIII =
Fiemate Low Alarm IIII i III ’—L|
Femote Diode Fault &larm IIII I 1} II ’—L|
Remate T_CRIT Alam IIII II 0 I ’—L|
(T O I —

In Register 02 hex the bits will change to 1 if the specific alarm
condition is met and the box to the right will also show the word
“alarm”. Whenever the alarm condition is cleared the bit will
return to 0 and the box will be blank. See the LM63 datasheet
for further details.
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Selecting the 03-0F Tab will show this screen. Notice that the
ALERT#/Tach Select is showing the option to either select the
ALERT# function for the ALERT#/Tach pin or the Tach
function for the ALERT#/Tach pin. Make sure that if ALERT#
is desired that the jumper for J2 is in the ALERT position.
Likewise, if Tach (tachometer) is desired then the jumper for J2
should be in the TACH position. See Section 3.1. The following
windows will assume that the Tach input has been selected and
the J2 jumper is in the Tach position.

File Device Help

Reg File: Start Start Read | Read Cont [ *frite On Change
120 Addr 40 Plot | _Log | Reos | [a)Regs = IV Read After wiite

Tl 11-43] 4851 | 5257 | BFFF |

Jouir | st Fiegister Bit Field Fegister Bits [click] Hex | Bit Field Yalue
s ALERTH Mask ° EIE BEEE 00 | [ALERT# nemupts encbl +
Standby I o lI III. Operational mode -

b Diigable in Standoy II i I III. /b enabled in standty +

ALERTH#/T ach Select II.I I 0 Il W
T_CRIT Limit Dvertide

1 Input

RDTS Fault Queue II I III a ALERTH If any conv out: »
04 C o Fat -
o arversion Rate HEEH 1ooo [o3 | [16Hz
05 Lacal High Setpaint 01000110 [45 70 DegC ﬂ Jﬂ
[E

07, Fiemate High SetpaintMS8 | 0100 0110 [45 | [70.000 pegc <[ [ »]
102 Remote High Setpeint LB | o 0 o [] EIEIEE oo
08 Fiemote Low Setpoint MSE | oo oo oo oo [oo | [ 0000 pegc +[ [ »f
105 Remote Low Setpoint LSE il DH HHHH [Too

0F One Shat Trigger 0000 0000 ’E

The user can experiment with the register functions for these
registers as explained in the LM63 datasheet.

Selecting the 11-49 tab will reveal the following screen.
[2] LM63/NOPB Evaluation Board (=53]

File Device Help
Reg File: Start Start Fead | Fead Cont v “Wiite On Change
|2CAdd [4c ~ Plot Log | Regs | [AlRegs ~ [V FeadAfter Wiite

4851 | 525F | BFE-FF |

s | At Fiegister Bit Field Fiegister Bits [click] Hex | EBit Field*/alue
11 Remote Offset k5B oooo oooo g 0.000 Degcﬂ J j

12 Fiemate Offset LSB oo off] BEEE oo
16 Lacal High ALERT mask ‘BB QBBE 2 | [Erebeacrte v
Remote High ALERT sk | I N Enable ALERTH -
Remote LowALERT mask | I ° I Enable ALEAT# -
Remote T_CRIT ALERT T[T B Enable ALERT & v
Tach ALERT mask [ (1] B Enable ALERTH -
15 Remote T_CRIT Limit 0101 0101 [55 | [ 85 pegt 4 [ *]
21 Remote T_CRITHysteresis | 0000 1010 [oa || 10 pegr 4 ]

A7 Tach Count MSB ooloo0101 [z5 557 APM
46 Tach Count LSB 1110 0 n [E2

Tach Edge Count IIII IIl 1 5 Edges =
4 Tach Linit MSE 1111111 [ [ omew <l vl
48 Tach Limit LSB 1111 1111 [FF

© Copyright 2008 National Semiconductor Corporation 8

Notice that the tach count will show the RPM of the fan based on
the Tach pulses coming from the 4-terminal fan. Again, the user
can experiment with the different limit, mask, and offset registers.

Selecting the 4A-51 tab shows the following screen.
[J LM63/NOPB Evaluation Board =3

File Device Help

Reg File: Start Start Read | Read Cont [ “wirite On Change
|2C Addr [4c Flot Log | _Regs | [AlRegs ~ IV Read After wiite

00-02 | 03-0F | 11-4 2:5F | BF-FF |
fodr | At Register Bit Field Fiegister Bits [click] Hex | Eit Field Value
44 Pt Program HH 1 H HHHH ’E m
Pt Output Polarity III a IIII ,m
Pr/M Clock Select II 0 III PwM clock is 360KHz

Tachometer Mode IIII II oo Traditional hd
4B Fast Tach Term Spinup HH 1 ’? Set Pywihd to 100% -

Ph Spinup Duty Cycle ..l 11 ll. 100% -
Pih Spinup Time IIII I 111 e -
ra Pu/M Target Enable CEEEEEE oo [T oz <
Pivh Target Yalue lo oo oooon
aC Pvh Y alue HHUU vooo [m |[ 0% ﬂ_| j
0 P Frequency BEE: cr:: (7| e [

aF Lookup Table Hysteresis HHHU o100 [o4 1Degc [ v
50 Lookup Table Temp 1 Hl 0 AAEA & 127 Degt 4[]
51 Lookup Table P 1 Hﬂl i [ar | < [

This is for experimenting with the PWM, Tach and fan speed
settings according to the PWM Value and PWM frequency.
Consult the LM63 datasheet and the fan manufacturer’s
datasheet for the fan. Changing bits in 4C register will have the
most dramatic change in fan speed.

The following screen shows selected bits for essentially 52% fan
speed.

[2] LM63/NOPB Evaluation Board CEX

File Device Help

Fieg File: Start Start Bead | Read Cont [ *fiite On Change

12CAdd |42« Plat Log | Regs | [alRess ~ v Read After wiite
o002 | 03-0F | 11-43 52-5F | BF-FF |

o ir | At Fiegister Bit Field Fegister Bits [click) Hex | Bit Figld Value
a4, FM Program EE 1 E HE ’E Enable -
Pt Dutput Palarity I.I o I.II 0 fan off -

Pia/M Clock Select T[] ] [P clack is 360KHz _+ |
Tachometer Mode (T B [Least effecton P~ |
4B Fast Tach Term Spinup gg: [3F [[satPwMiotonz  +|
Puh Spinup Duty Cycle i :Em ooz =]
Pt Spinup Time IlII I 111 Elee -

= FwM T arget Enable DEEEEEE > || o= < -

Pt Target Value ID oo oooan
4C Pdh Value HHDI 1000 52 4 [
40 Pw/M Frequency Hﬂﬂl o111 [q7 7B H: 4

4F Lockup Table Hysteresis HHHD o100 o4 4 DegC ﬂJ ﬂ
50 Lockup Table Termp 1 Hl 1111101 [ 127 DegC ﬂ M
51 Lockup Table P/ 1 BE v [ [ oz o [»

www.national.com



Another selection that can be made with the 4A-51 tab screen is

to select the accuracy of the tach measurements. Refer to the When the last tab, BF-FF, is selected the screen looks like this:
LM®63 datasheet for the details. The screen below shows the

options and the selection of the “Most Accurate” readings. [2]LM63/MOPB Evaluation Board =13

[ LM63/NOPB Evaluation Board (A=) Fie Device Help

File Device Help Fieg File: Start Start Read | Read Cont v “white On Change

Rieg File: Chart Start | Read | Fiead Cont v wirite On Change 12CAddr |4c = Pt Log Regs | [alRegs = v Read After wiite
4z Plat Lag Regs

12 Addr [4c ~| AllFiegs > W Read After wiite 0002 | 0307 | 11-43) 4451 | B2F

o002 | oa0F | 11-49 JEEREL | 52.5F | BF-FF | budr | Attr | Register Bit Field Reqister Bits [click]  Hex | Bit Figld Yalue

b |t | Register Bit Field Riegister Bits [cick) _ He [ Bit Field Value BF Remate Temp Filter BEEE e o | o | [oisabied -

A8, P/t Program HH 1 H HHEE ’E Enable hd Comparator Mode ..Il Ill o 'm
PAa/M Otput Polariy (TR [0fanat | FE Manufacturer's 1D 0000 0001 [01 | [National Semiconductor ]|
P Clock Select [T’ [PoM claock is 360KHz | FF Sl nool HH EE
Tachameter Mode III. IID il Trad.it.\onal - Revision | ..Il no1l

8 [Pt U Tt ey Bg: [ RZS:E:E:Z:FFFF low
Fab Spinup Duty Cycle III 11 Ill ast ef s
Pwih Spinup Time III. I 111 m

na Pwibd Target Enable 1} HHH HHHH ’E ’—U F LU ﬂ
Pusbd Target Value ID o0 0000

I3 P Valuz BEcc ccco Jao | oz <l

40 Pt Frequency HHHJ. oLl1l1l ’? 7826 Hz ﬂ J ﬂ

aF Lookup Table Hysteresis HEEU oro0 |4 4 Degt 4 ]
50 Lookup Table Temp 1 Hl 111111 [7F 127 Dea | | ¥
51 Lookup Table Pyt 1 Hﬁl Tl [aF ([T o

Notice Lookup Table Temperature and PWM for the first step. In the next screen the Remote Temp Filtering box shows the

; Maximum Filtering selected.
See LM63 Datasheet for details. J —r—
[l LM63/NOPB Evaluation Board (=S|
File Device Help
Fieg File: Start Start Bead | Read Cont v ‘wiite On Change
. - . - Flat Log Feags =
Selecting the 52-5F tab will show the following screen. iecad [+ <] Alfegs o] B st it
e 02| 0307 | 11-49] 4851 | 5257 [
[¥] LM63/NOPB Evaluation Board A= w2 0| i 49_] Ao | s25F — —
T o o — ol | Attr Fiegister Bit Field Fiegister Bits [click) He= | Bit Fieldalue
= — BF Remate Temp Fil 11 T
Feg File: Start | Stat | Read | Aead Cont v ‘wiite On Change Fmete TEmR T [210]2]0 - e« I W i
12C &ddr |4 = Plat Log Regs | [alRegs ~ v FRead After Wit Comparator Mode IIII III o ALERTH pininterrupt =
00-02 | 03-0F | 11-43 | 4851 EFFF | FE Manufacturer's ID ooo0 0001 [0 | [Mational Semiconductor +
it | Auttr Register Bit Field Register Bits [click) Hex | Bit Field " alue -
FF Stepping 1D oool Lf1
52 Lookup Table Temp 2 Hl 111111 [7F 127 pegt ¢ ] HHII [=
FRevizion [D 0oLl
53 Loakup Table P 2 HHJ. 11111 [ 100 % ﬂ M IIII
54 Lookup Table Temp 3 Hl 111111 [7F 127 DeaC ﬂ M
55 Lookup T able PwM 3 Hﬂl 11111 [ I
56 Loakup Table Temp 4 Hl 111111 [7F 127 DegC ﬂ M
57 Loakup Table Pt 4 HHJ. 11111 [ 100 % ﬂ M
58 Lookup Table Temp 5 Hl 111111 [7F 127 peac ¢ ||
59 Lookup Table Ptk 5 Hﬂl 11111 [ Il
B Loakup Table Temp & Hl 111111 [7F 127 DegC ﬂ M
5B Lockup Table Pt & HHJ. 11111 [F 100 % ﬂ M
5C Lookup Table Temp 7 Hl 111111 [7F 127 peat ¢ ||
50 Loakup Table Pt 7 HHJ. 11111 [ 100 % ﬂ M
5E ledup T Tamp @ Hl 11111 [ |[ 12 peac ] |*) Lastly, for th@s tab, for the ALERT# pin selection (not_e the Register 03/09
and ALERT jumpered for J2) the user may choose either the Comparator
5F Lookup Table Pt 3 HHJ. 11111 [3F 100 % ﬂ M or the Interrupt Mode.

This is for selecting the various Lookup Table Temperature and
PWM settings. The first Lookup Table settings are shown on the
previous tab.

© Copyright 2008 National Semiconductor Corporation 9 www.national.com



If the user wants to plot temperature, RPM and PWM% the
“Start Plot” button at the top can be selected. The three plots,
shown below, will be displayed. Plotting is stopped by pressing
the STOP button.

S[=1E

m— ] Tarp=13 R-Tamp=21.750

H=1E3
o) ISR SOUE S OSSO SO USRS SO SIS

P EEU SRR SO SO RS SUN S SO S

22 024 26 28 30 32 34 36 38 40 42 44 46 43 &0

— PRIV al=52

O

] SEUUIUOE PO U SO0 O SOV SO0t DU O VO SO O

D1 S P T R PP

1) D

32 34 36 38 40 42 44 46 43 50 52 54 56 55 GO

m— Tach Ct=2202
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If the user wants to log the data then the Log Data Button is
selected. The following screen pops-up asking for a filename
and directory as to where to store the logged data test file. The
Directory shown is the “Im63nopb” but it’s the user’s
preference. The filename shown is “Imé3nopb testl.txt” but the
user can create whatever filename is desired.

71X

Open Log File

| e« ®EckE-

Laok in: | ) Test Data

Py

My Recent
Documents

@

Desktop

ty Documents
dcapps

3

Iy Computer
DCSAPPS4

<

Ay Metwark, File name: |\m53nopb test 1.kt ﬂ

Flaces E
Files of type: | Log files " tt;" log) | Cancel
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2.2 LM96163EVAL /NOPB Board Only

For the LM96163EVAL NOPB board the first screen will look
like this:

[2] L M96163/NOPB X
Select the desired hardware
* LM3E1E63/MOPE Evaluation Board
" LM3IB1E3/MOFE ICHx Interface

" LM9B163/MOPE Ma Hardware

Another
Device

If this window is for another device’s board the following
window will show up. In this case simply select “Another
Device” button and the “LM96163 NOPB” device ID, as shown
below.

Open Device @@
Laak jn ‘ ) device j EF -
Y [Hepcsoses [Eimos [ LMae063RaHS
! ENE B 3noph
My Recent || Lvan = Lpge-1
Documents |/ 14 [ Les010
@ (=] = Lrms071
[ Imganopb = Lmos213
Desktop /) | e [ Lmosz14
ENn = Lmos221
%LMH %ngszm
Im7s LM95233
My agsg;":ms ERES BN
- = Lmee = Lrmmzas
o B [
My Computer =] Lrme-1 =R
DCSAPPG  |[LMan [ER
“
3
MyHetwork  File name [Im361B3nopt -l Open |
Flaces
Files of lype: |Device [ j Cancel
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The next screen shows the initial “tab” for Registers 00-02 in
functional order.

m LM96163/NOPB Evaluation Board

File Device Help

Reg File: Start Stat | [Head:] Read Cont Iv ‘wiite On Change
12C Addr |4 - Plot Log H OFF A Iv Read After wiite

EEE =07 | 1133) 4549] 4861 526 | 60FF| na |

o r | At Fiegister Bit Field Register Bits [click] Hex | Bit Field Value
00| R Local Temp 000l o111l ’? 23 DegC
o R Remote Temp M5B 000l ollao m 22.250 DegC
10|R Fiemate Temp LSE oD EEEE o

3R Remate Temp M5B US

gooloilo [q5 22250 DeqlC
o EEEE [

32|R Femote Temp LSE US

G mammm |
R Local High Alam (B[] =l
R Remote High Alam III 0 IIII =
R Remote Low Alam [ T[] =]
R Femate Diode Fault lam IIII I 0 II =
R |Remote T_CRIT Alam (TTTTTH =
o ronsm T —

The next screen shows what the first initial reading is from the
first data conversion. The next step is usually for the user to
select the pull-down box labeled “Read Cont” ALL REGS to
continuously read all registers so that the Local and Remote
temperatures are updated continuously. See below.

m IlM96163/MOPB Evaluation Board
File Device Help

Fieq File: Start Start Fead | Read Cont
12C Addr |4 = Flat Log | Fegs | [EyyEmes

B oo0r | 11-33) 4549 4451 ] 5257 | 60FF] na |

[v “iite On Change
Iv Read After Wiite

o r | Attr Reqister Bit Field Register Bits [click] Hex | BitField Value
nofR Local Temp ooor 0111 [17 [T 23 Deat
m(R Remate Temp M5B coo1 o110 [15 |[ 22250 pegc
10|R Remote Temp LSE oLao H HHHH m

AR Remate Temp MSB LIS soor o110 [15 | [ 22250 peat

32|R Remate Temp LSE US

- EEEE [

i o 1 IS
R Local High Alam I 0 II IIII I—L|
R Remote High Alarm III 0 IIII =
R Remote Low Alam [ T[] =]
R Femate Diode Fault lam IIII I 0 II =
R |Remote T_CRIT Alam (TTTTTH =
R Tach Alam T[T B =]

NOTE: This screen shows the result of 2 conversions. On the initial conversion
the Remote temp will show an erroneous reading because the Remote diode
selects TruTherm on POR but the input is connected to the on-board
MMBT3904 (see Register 30 ). Select TruTherm disable then do another
conversion.

In Register 02 hex the bits will change to 1 if the specific alarm condition is met
and the box to the right will also show the word “alarm”. Whenever the alarm
condition is cleared the bit will return to 0 and the box will be blank. See the
LM96163 datasheet for further details.
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Selecting the 03-0F Tab will show this screen.

I3 119616 3MOPB Evaluation Board 2=

The tab 45-49 screen shows the registers for selecting PWM
values and various resolution settings. It also shows the actual

Bie Device Help RPM for the Tach Count
Reg File: Stat | Stat | Psad | Read Cont | iz W Clihe I¥] LM956163/MNOPB Evaluation Board =]
12CAdd 4c - Flot Log Regs AlRegs v Read After \Write T e B E'_l@
L | 1133] 4549] 4451| 526F | 60FF| na | Fieq File: Start Start Fead | Fiead Cont [v “fiite On Change
b | st Register Bit Field Register Bits [click] ~ Hex | Bit Field Value 120 Addr ,E‘ Plat Log Reags ,m [ Read After Write
DR | ALERTH Hask ° DRE BEER 04 | [aerTs menps enati <] 00-02 | 03.0F | 1133 4451 | 525F | 60FF] na |
RAW | Standby I 0 II IIII W udr| &t | Riegister Bit Field Register Bits (cick]  Hex | Bit Field Value
Rw | P Disable in Standby II I I I W 45| RAY | Signed Temp Filker Bits H 1} HH HHHH ,ﬁ LME3 temp format reg 1C =
FAW | TACH Enable H | [TacH puenable %] R [LUT Resaltion [ & ][] i -
RAW | T_CRIT Limit Dverride i [Overids disabled =] Rew | 226kHz Pkt HishRes | I NI 5.25% =
RAw | RDTS Faul Queue II I III 0 ’m A | TCRIT and High Set Farmat IIII 1} III Signed Format -
044 RAw' | Conversion Rate HHHH 1000 (08 | [16H: - RS | |IFedt) i Seling IIII I o I 0.023s per step [5.45s Ff =
s .
05] RAw [ Local High Sstpeint 01000110 [45]] 70 Degt 4| | | R | P Ramp Rais Ensbis | [ I Disahled (LME3] =
[F
07 R7w | Remate High Setpoint MSE AREE GRER ’E 5000 Dogt ﬂ Jj 47| R Tach Count M5B 0000 010l IE 3641 RPM
oD 4[R | TachCourtLsE
13| Rw | Remete HishSetpie e | v o o] EEEE [ ach Count 1roo o [
R |TachEdgeC
18] R/w | Remote LowSetpaint MSE | 0000 o000 [oo || 0000 peat | | ) el (1] B8 B Edges =
oz 43| Rrw | Tach Limit MSE
14|Row |Remote Lowsetpoint 158 | o o o [l QIEIEE o0 EEnlms 11111111 [FF vprd [ o
42| R | Tach Limit LSE 11111111 IF
OF | w One Shat Trigger ooo0 o000 W
The user can experiment with the register functions for these

registers as explained in the LM96163 datasheet.
Selecting the 4A-51 tab shows the following screen.

Selecting the 11-33 tab will reveal the following screen. [2]1:96163/NOPB Evaluation Board

Eo&X

I LM96163/NOPB Evaluation Board CEx o e [
Fle Device Help Fieg File: sptla[t Sitart Eead Fiead Cant W it On Chan.ge
Reg File: e B | azEer [ ‘wiite On Change 12CAddr 42 ot og 29 | |AlRegs - v Read After Wite
|2Cadd [4e - Plat Log | Feos | [aifegs ~ ¥ Read After wiite 002 | 030F | 1133 | 45-43 525F | B0-FF| na |
EIEI-EI2] U30F 4549 ] 4851 ] 525F ] EU-FF] na ] focr | Asttr Register Bit Field Reqister Bits [click] Hex | Bit Field ¥ alue
o] s [Register Bit Fied Register Bits (click)  Hex | Bit Field Value A |Rby | |(Fbeid [P B8 :E BERE |20 | [enete -
11| Rew | Remote Offzet MSE o000 0000 [on || 0000 pege 4| [ ] R | Pt Dutput Polarity [ Fam off -
12| RAw | Remate Offset LSB 0oo H Hﬂﬂﬁ oo RAW | P Clock Select PwiM clock is 360KHz  »
16| R AW | Local High ALERT mask a H HHH m Enable 8LERT# = RA | Tachometer Mode Traditianal -
R | Remate High ALERT mask III 0 IIII Erable ALERT# - 4B|RAY | Fast Tach Term Spinup HH 1 ’? Set P to 100% -
R | Remote Low ALERT mask IIII [1} III Enable ALERTH# - R | PwWM Spinup Duty Cycle III 11 III 100 -
RAW | Remote T_CRIT ALERT IIII II 0 I Erable ALERTH = RAW | P Spinup Time II 12 2o =
RiAw | Tach ALERT mask 111 B Enable ALERTH = ac[r [PumHiRes o AR EEEE M= | vz < [ v
19| R Remate T_CRIT Limit 0ll0 1110 ’E 110 DegC RAY | PWM Value II1 01110
21| RAw | Remote T_CRIT Hysteresis ooo0ag 1010 [qga 10 DegC ﬂj ﬁ AD|RAN | PWM Frequency HHHI o111l ’? 7826 Hz ﬂJ j
30| RAY | Remote TruTherm Enable HHHH HH o H W TruTherm Disabled e 4E|RAw | LUT Temp Offset HH oo oooo ,ﬁ 0 DeaC ﬂ_‘ j
33|R POR Status UHHH HHHH [00 | [Fready - 4F|RAW | Lookup Table Hysteresis HHHD o100 o4 4 DegC ﬂJ ﬂ
g0|RAx | Lookup Table Temp 1 Hl 111111 [7F | [ 127 peat ﬂ JL|
51| RAw | Lookup Table P/h 1 BE v [ ([ 00z < o

Again, the user can experiment with the different limit, mask,

This is for experimenting with the PWM, Tach and fan speed
and offset registers.

settings according to the PWM Value and PWM frequency.
Consult the LM96163 datasheet and the fan manufacturer’s
datasheet for the fan. Changing bits in 4C register will have the
most dramatic change in fan speed. In this case the PWM value
bits were set such that the PWM % was 73+ %.

© Copyright 2008 National Semiconductor Corporation 12 www.national.com



Another selection that can be made with the 4A-51 tab screen is When the last tab, 60-FF, is selected the screen looks like this:

to select the accuracy of the tach measurements. Refer to the [x] LM96163/MOPB Evaluation Board =3
LM96163 datasheet for the details. The screen below shows the Fils Device Help
options and the selection of the “Most Accurate” readings. RER(F Stat | Start | Flead | Read Cort D D e
= I2CAddi |4« Plat Log | Reos | [aIRegs ~ [V Read After wiite
m |.M96163/MOPB Evaluation Board L =
e o002 | 030F | 11-33 | 4549 | 4451 | 525F na |
_F! F_I = Ew—— & Wite On Ch e | Attr Register Bit Field Register Bits [click]  Hex | Bit Field Value
&g File: Start Start Fead 2al ulgl nee Un ange
I12C Addr [4c w|  _Flot M ﬁ &l Fegs W Read After Wite ) [t | PP U | Rt i 127 peat 4| |}
o002 | 03-0F | 11-33| 4543 [EBEN 5257 | s0fF| na | il | L el 2[PhA 8 BE:: 1w oy < |l
o dlr | Astir Fiegister Bit Field Register Bits [click) Hex | Bit Field alue E2| R/ | Lookup Table Temp 10 Hl 1(1Q1(1|1f1 ’? 127 DeqC ﬂ M
0 R |P] e B B GEEE 2 | [Enabe = 63| RAw | Lockup Table PuM 10 BE:: i [ ([ sz < [
RECY | () eI I ID IIII O fan off :Iv B4| R |Lookup Table Temp 11 Hl 111111 [7F 127 Degl ﬂ M
RA | PadM Clock Select Pt clock is 360KHz 65| Rw | Lockup Table Pt 11 HH 111111 ,? |—1DD % ﬂ JL'
AR | | ez et (et I I Ill Y : ings 66| RAw | Lookup Table Temp 12 Hl 1111121 [ 127 DeaC ﬂ M
40 R | |IRest et Ve iy Ea:-g2 [ |[setPwmotony 67| R |Lockup Table P 12 BE:: i [ [z < [
R | [P St By Cale III o III 100% :I' BF|RAw | Remote Temp Filer HHHH H oo H [oo m
R/ | PYM Spinup Time IIII I 111 3.2 sec - Rew | Comparator Mode IIII III 0 ’—_|ALERT31 prT——
4| [FRA0) (R ° DH H ’E 73.0153 % ﬂ Jﬁ FE|R Manufacturer's 10 0000 o000l W National Semiconductar *
RIAY | |[Fef i | | R FF[R [SteppingID cxoo DEEE T+
Al Ry ||[Pedtl ey Hﬁﬂl oj1]1[1) 17 7826 Hz ﬂJ ﬂ R Revision D IIII 1|ofo]1
4E| R/ |LUT Temp Offset HHU ooooo [0 0 Deat 4[] ]
4F|RAw | Lookup Table Hysteresis HHHD 0100 ’ﬁ 4 DegC ﬂJ ﬂ
50| RAY | Lookup Table Temp 1 Hl 111111 [7F 127 DegC ﬂ JL' i i i i i
=1 ETT [TTPSETTE G e Reg_lster BF allows for the selection of different filtering
settings. See the screen below.

Notice Lookup Table Temperature and PWM for the first step. [£11.1496163/NOPD Evaluation Board FEX

See LM96163 Datasheet for details. Hie Device belp
RegFile: Start Start Read | Read Cont v ‘wiite On Change
; ; : 12C Addr |4 Plot Log | Reos | Jaum I Read After wii
Selecting the 52-5F tab will show the following screen. = T et
[<]LM36163/NOPB Evaluation Board DEx 0002| 0306 | 11:33) 4549 4451 | 2 G e |
T s — i | At Fegister Bit Field Register Bits [click]  Hex | Bit Field Yalue
File Device Help
60| RAY | Lookup Table T g
Reg File Start Start Fead | Read Cont v ‘wfite On Change A Hl ol bl ol ’F 127 DegC ﬂ JL'
12C Addr [4c - Plat Lag Regs | [alRegs ~ W Fiead After Wilte 61|Raw | Lookup Table Pt 3 Hﬂl 11111 [3F I I
0002 | 03.0F | 11-33] 4549 4851 60F| na | 82| Rw | Lookup Table Temp 10 Br:iii: [ 127 pegc ¢ ||
fdr | Attr Reqister Bit Field Register Bite [click) Hex | Bit FieldValue
52| RAw | Lookup Table Temp 2 Hl iE1 FEA R ,F ,W Dagcﬂ JL' E2|RAw | Lookup Table Piadhd 10 HHJ. 1f1(1|1]1 ’? 100 % ﬂ JL'
S5 e W | o 5a[RAw [ Lookup Table Temp 11 B [ 127 Degt 4[]
54|R/w | Lookup Table Temp 3 Hl L1111 [ 7 | 12 peat o] |+ 85| R | Lookup Table i 11 HHJ. 11111 [3F w0 4 ]
56| Fi/w | Lookup Table P 3 BE v [ [ mx o | B6| R/ | Lookup Table Temp 12 Brorrrr: [ 127 Deat 4| ||
E6[RAw | Lookup Table Temp 4 Hl iE1 FEA R ,? 127 Dagﬁﬂ M B7|RAW | Lockup Table Pt 12 Hﬂl 1f1j1)1)L ’? 100 % ﬂ M
57| Rrw [ Lockup Table PuM 4 BE:: ::t = | ooz < [ BF|RAW | Remate Temp Fiker EEEE E: *B [ | [erhancediovez
56| Riw | Lookup Table Temp 5 Boi:rove [ | 17 osgc ol [0 RAwW | Comparator Made [TTTTTTE Eﬁfﬂi‘f’elz
89| R | Lookup Table Pwid & HHL 11111 ,? ,w % ﬂ M FElR Manufacturer's [D AR BEER W Fl\terL el 2
BalRA | Lookup Table Temp 6 Hl iE1 FEA R ,? 127 Dagtﬂ JL' FFIR Stepping 1D ol1lolo HH ’E
SBR[ Lookup Table Pwih 6 HHL 11111 [ 100 % ﬂ J_;l = Revision D IlII 1001
FCIRAw | Lookup Table Temp 7 Hl E AR ,? W DegC ﬂ J_;l
ED[RA | Lookup Table Pwi 7 HHL 11111 ,? 100 % ﬂ M
SE[RMw | Lookup Table Temp 8 Hl L{afiif1fa]s ,? 127 DagEﬂ J_;l
5F|Rw | Lookup Table Py & HHL 11111 [ 10 4 [

This is for selecting the various Lookup Table Temperature and
PWM settings. The first Lookup Table settings are shown on the
previous tab.

© Copyright 2008 National Semiconductor Corporation 13 www.national.com



Register BF also allows for the ALERT# pin to function either in

the Comparator Mode or the Interrupt Mode. See the screen
below.

m LM96163/NOPB Evaluation Board

File Device Help

Req File: Start Start Read | Read Cont
12C Addr [4c = Plat Log Regs | [alReas ~

0002 | 030F | 11-33| 4543 4451 | 525F B ne |

v wiite On Change
[v Read After 'write

e ir | At Register Bit Field Register Bits [click] Hex | Bit Field Value

80| RAw | Lookup Table Temp 3 Brr: oy [7F [[ 127 pegc <[ 0]
61 [Rew [ Lookup Table P/t 3 BE:: :::: (o | wz < [
52| Raw [ Lookup Table Temp 10 Brivree [ |[ 127 peac < [0
83| RAw [ Lookup Table Pu/M 10 BE:: i (| wz < [
B[R [ Lookup Table Temp 11 Brirrrie [ |[ 127 per o [v]
65| RAw | Lookup Table P/t 11 Hﬁl trrrr [ [T rmx 4 |
66| RAw [ Lookup Table Temp 12 Brerrrre [7F | 127 pec | [¥]

1]

67| Rw | Lookup Table P 12 BE: | o
EF[RAw |Remate Temp Fiter BEERE B = | crocsioaz -]
1B [BLERTE pin nemapt__v]
5000 0001 [ 01 | PR .
= I
[ S

R | Comparatar Mode

FE|R Manufacturer's [0

FF|R Stepping 1D

R Revigion 1D

The next screen simply displays the status of the TCRIT# and
ALERT# pins.

m LM96163MOPB Evaluation Board

File Device Help

Feg File: Start Start Read | Aead Cont
|2C Addr [42 = Plat Log Regs | [alRegs

0002 | 030F | 1133 | as-4a] 4451 | 5258 | corr JEEIN

I rite On Change
v Read After \write

bdr | At Reqister Bit Field Redgister Bits [click] Hex | Bit Field Value
na|R Terith 1 H ’ﬁ Inactive -
R |k [T/ [ecie =]

© Copyright 2008 National Semiconductor Corporation 14

If the user wants to plot temperature, RPM and PWM% the

“Start Plot” button at the top can be selected. The three plots,
shown below, will be displayed. Plotting is stopped by pressing
the STOP button.

2 4 B 8 10 12 14 16 18 20 22 24 26 28 30

RTemp= — RTemp= — [ Temp=25

EBX]

anl oL

52 54 56 B8 BO 62 B4 BE BB V0 Y2 74 FE Y8 20

— DRTHVal=50 7937

oot L Lo L SR L :

AOEHte coocococoacocomcacosocmecocacoscocacocan ........

P SRR s SR S SR

75 20 g5 30 95 100

e TachCt=3622

www.national.com



If the user wants to log the data then the Log Data Button is
selected. The following screen pops-up asking for a filename
and directory as to where to store the logged data test file. The
Directory shown is the “Im96163nopb” but it’s the user’s
preference. The filename shown is “Im96163nopb testl.txt” but
the user can create whatever filename is desired.

Open Log File

D

My Recent
Documents

[

Desktap

=

ty Documents
capps

&

by Computer
DCSAPPS4

My Network
Places

2]
Look i [ 55 m35163ncpt | £ B
File name: ﬂ Open |
Files of type: [Log files [* tet"log] ~| Cancel

© Copyright 2008 National Semiconductor Corporation
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2.3 LM64EVAL /NOPB Board Only
[This section is reserved.]

© Copyright 2008 National Semiconductor Corporation 16 www.national.com



3.0 Functional Description

The Fan Controller Evaluation Board, along with the SensorEval
Software, provides the system designer with a convenient way to
learn about the operation of the LM63 and LM96163
Temperature Sensor chips. The user simply has to install the
SensorEval software on his PC, run it, connect the USB cable
from the PC to the Evaluation Board, and the user can read
temperatures. It’s that simple! The user doesn’t have to provide
any power or external signals to the evaluation board.

Power to the Fan Controller Evaluation Board is taken from the
USB 5-Volt line. This +5VDC is the input to the on-board

LM2950 low dropout voltage regulator, which regulates the
output voltage to +3.3 VDC. This output voltage powers the
LM63/LM96163, the on-board microcontroller, and the
EEPROM chip, which stores the board ID information.

The microcontroller provides the SMBus signals SMBCLK,
SMBALERT, and SMBDAT to the LM63/LM96163 chips. The
Serial communications between the LM63/LM96163 and the PC
USB data lines is controlled by the microcontroller. For all of
the details of this communication protocol see the latest device
datasheet, available at www.national.com.

3.1 Fan Controller Evaluation Board Connection Table

J3 (all pairs are jumpered across for

Connector Label Pin Description
Number
n 1-3 Jumper Pins 1 and 3 together to provide power to the DUT.

3-4 Jumper Pins 2 and 4 together.
LM63EVAL/NOPB only: Select ALERT circuit by jumpering Pins 3 and 4
together (1 and 2 are open) or,

2 (LMGSEVQ‘#/;\IOPB boards Desfreietion Select TACH input circuit by jumpering Pins 2 and 4 (1 and 3 open).
Y P LM64EVAL/NOPB and LM96163EVAL/NOPB boards: do not connect

jumpers.

12 SMBCLK (SCL). Serial SMBus Clock signal from the microcontroller to
the SMBCLK input of DUT.

3-4 SMBDAT (SDA) is the bi-directional signal for communications between
the DUT and the microcontroller.

5.6 ALERT# is the ALERT signal generated by the DUT to the rest of the
board.

7-8 TCRIT is the TCRIT signal generated by the DUT to the rest of the board.

the typical configuration)

LM64EVAL/NOPBonly: connects the A0 address pin of the DUT to

9-10 ground. Jumpering on other boards doesn’t matter.
11-12 This is the PWM Signal generated by the DUT to the fan.
13-14 This is the TACH signal generated by the fan to the DUT.
15-16 Ground connection from system to DUT.
1-3 and Jumper these pairs for connection to the MMBT3904 remote diode. Do not
J4 24 jumper them if an external remote diode is to be soldered to TP2 and TP4 of
the board.
1 Fan Power Supply voltage appropriate for Fan (+5V or 12V)
J5
2 Fan Power Supply Ground.
1 Fan PWM Connection
% 2 Fan Tach Input to board.
3 Fan + Power Supply
4 GND
J7 1 through 10 LM64EVAL/NOPB Only. GPD and GPIO test pins only.
1 USB VBUS (+5VDC) input
8 2 USB DMINUS
3 USB DPLUS
4 USB GND
1 SMBCLK (SCL) Test Pin or external output
19 2 SMBDAT (SDA) Test Pin or external output
3 GND connection to board ground
4 +3.3V Connection to board regulator +3.3VDC.

© Copyright 2008 National Semiconductor Corporation 17
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4.0 Software Installation and Operation

4.1 Installation

The CD provided in the Fan Controller Evaluation Board Kit
contains the SensorEval software used to make the
LM63LM96163 Evaluation Board operate with the user’s PC.
It is assumed that the user will be using a PC with a Pentium®
I11 or higher processor and a Microsoft Windows®
XP/2000/98/ME operating system.

The software is installed as follows:

1. Insert the Evaluation Board CD into the CD drive of
the PC. See details in the readme.txt file.

2. The software manual, provided on the CD, may be
useful to the user during this process.

3. The installation process will put an icon on the PC
desktop so that the SensorEval program will run
when the icon is double-clicked.

© Copyright 2008 National Semiconductor Corporation 18

4.2 Operation

Follow the following procedure for operation the
LM63/LM96163 Evaluation Board using the SensorEval
software:

1. Run the SensorEval program by either double-
clicking on the icon on the desktop or by selecting
Start, Run, and browse to find the SensorEval.exe
file.

2. Plug in the USB cable on both the PC and the
Evaluation Board. The first screen will look like this:

Follow the register setups in section 2.0 Quick Start in the
User’s Guide. Make sure that you are following the given
procedure for the specific evaluation board you are working
with.

Refer to the schematic, layout and connector diagrams for the
connections to remote diodes for the temperature readings.

www.national.com



5.0 Electrical and Mechanical Specifications

5.1 Electrical Specifications

Power Requirements

The Board uses the +5.0 VDC and GND lines from the USB connection. 5.0£0.1V,
100 mA max.

+50+01V
An external power supply is required for the Fan Power. If the 4-terminal |or +12 + 0.1

fan is 5VDC or 12VDC then apply that voltage to the Fan Power input. | as required by
the fan.

5.2 Electrical Schematic

L} I I 2 I [}
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Page 1 of the Schematic for the Fan Controller board.
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Page 2 of the schematic for the Fan Controller Board.

Figure 5.2 Schematic Diagram of the Fan Controller Evaluation Board

© Copyright 2008 National Semiconductor Corporation 20 www.national.com



5.3 Evaluation Board Layout
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Figure 5.3 Layout diagram of the Fan Controller Evaluation Board
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5.4 Bill of Materials for Fan Controller Evaluation Board
Quantity Reference Part

Item

GO wWN -

o ~NO

10

12
13
14
15
16
17
18
19
20
21
22
23
24
25

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

6
4
1
1

-
w

PRPRPRPRPRRPANRRPRPRPREPREPRPRPREPERLNON

PRRPRPRPRRPRPRPRPREPARLRNRER

C1,C3,C5,C23,C25,C26 0.1uF
C2,C4,C6,C8 100 pF

C7 100 pF or 2.2nF

C9 2.2nF
C10,C11,C12,C13,C14,C15, 0.01uF
C16,C17,C18,C19,C20,C21,

Cc27

C22,C242.2uF

C28,C2912pF

J1 DUT Power

J2 LM63/96063 Alert/Tach Select
J3 HEADER 8X2

Ja HEADER 2X2

J5 HEADER 2

J6 4-Pin Fan Header

J7 HEADER 10

J8 USB-B

J9 HEADER 4

L1 1uH

Q1 MMBT3904/SOT
R1,R6 0ohms

R2,R3,R4,R9 10 kohms

R5 6.3kohms

R7 1 kohms

R8 13 kohms

R10 5.1 kohms
R11,R12,R13,R14,R15,R16, 10k
R17,R18,R19,R20

R21 No Stuff

R22 1M

R23,R241.5K

R25 100k

TP1,TP3,TP5,TP6 GND
TP2 D+ DNS

TP4 D- DNS

Ul LM63/LM96063

u2 LM96163

(UK} LM64

U4 Cypress CY7C68013A-100AXC
u5s LP2950CDT-3.3/TO252
U6 AT24C02-10SI-2.7

u7 LM3722

Y1 24 MHz
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5.5 Mechanical Specifications

5.5.1 Operating Mechanical and Environmental Specifications

Minimum Typical Maximum
Temperature 0°C 25°C 70°C

5.5.3 Electrostatic Discharge (ESD) Precautions

The user shall use ESD precautions as specified in National Semiconductor ESD control document (SC)CSI-3-038 available through
www.national.com.
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BY USING THIS PRODUCT, YOU ARE AGREEING TO BE BOUND BY THE TERMS AND CONDITIONS OF
NATIONAL SEMICONDUCTOR'S END USER LICENSE AGREEMENT. DO NOT USE THIS PRODUCT UNTIL YOU
HAVE READ AND AGREED TO THE TERMS AND CONDITIONS OF THAT AGREEMENT. IF YOU DO NOT AGREE
WITH THEM, CONTACT THE VENDOR WITHIN TEN (10) DAYS OF RECEIPT FOR INSTRUCTIONS ON RETURN OF
THE UNUSED PRODUCT FOR A REFUND OF THE PURCHASE PRICE PAID, IF ANY.

The Fan Controller Evaluation Boards are intended for product evaluation purposes only and are not
intended for resale to end consumers, are not authorized for such use and are not designed for
compliance with European EMC Directive 89/336/EEC, or for compliance with any other
electromagnetic compatibility requirements.

National Semiconductor Corporation does not assume any responsibility for use of any circuitry or
software supplied or described. No circuit patent licenses are implied.

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN
LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF
THE PRESIDENT OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems which, (a) are intended for surgical
implant into the body, or (b) support or sustain life, and whose failure to perform, when properly
used in accordance with instructions for use provided in the labeling, can be reasonably expected
to result in a significant injury to the user.

2. A critical component is any component in a life support device or system whose failure to perform
can be reasonably expected to cause the failure of the life support device or system, or to affect its
safety or effectiveness.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products
Stewardship Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification (CSP-9-
111S2) and contain no “Banned Substances” as defined in CSP-9-111S2.

National Semiconductor National Semiconductor Europe National National Semiconductor
Corporation Customer Support Center Semiconductor Japan Customer Support
Americas Customer Support Fax: +49 (0) 1 80-530 85 86 Asia Pacific Customer Center
& National Center Email: europe.support@nsc.com Support Center Tel: 81-3-5639-7560
I Fg Tel: 1-800-272-9959 Deutsch Tel: +49 (0) 699508 6208 Fax: 81-3-5639-7507
TE:;::'?;:ii{iﬁ;:g:ﬂ Email: new.feedback@nsc.com  English Tel: +49 (0) 870 24 0 2171 Email: Email:
' ’ ) Francais Tel: +49 (0) 141 91 8790 ap.support@nsc.com jpn.feedback@nsc.com

National does not assume any responsibility for any circuitry described, no circuit patent licenses are implied and National
reserves the right at any time without notice to change said circuitry and specifications.
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