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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)
Natoa EEEERl o oor oo |,
N Semiconductor o
Corporation E Fan Power Input
@ BEBm
> e )
a1 EEH : Eg [D] us g% To4—|§:\mmal
Ja
C 1t E u1 =
oyt giE :
Windows ® o
Eﬂfﬂl ﬁ o Jumpers across
I:I e all pairs.
USB & o
Cable .
. BB
,
ﬁﬁﬂ . ﬁﬁ g LM Power Pin o 8]
m FAN CONTROLLER BOARD
o REV 1.25
us E E z Jo
Us = o
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 LM63/MNOPB
Selectthe desired hardware
o LME3/MOPE Evaluation Board
" LMB3/MOFE ICHx Interface

" LMEI/MOPE Mo Hardware

Aniother
Device

X

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.

& o B2~

Loak in: |_} device j
y ADC59888 M3 LMOEE3ROHS
G M3z L9 Im96 16:3naph
My Recent L4 L34
Documerts | gy [Eumesain
I g3 [ Lsors
Elmeanopd  [Eueszia
Deskton | @umss [Eumeszi4
Bt [ mas2z1
W] Euwa [ L5231
[ mi7s [t Lz
My D 1
V dc”::g;" * | Bjwmes [Eimeszsd
— I Lmas [ ieszas
- [ Lz [ Lmesz41
3 = :
[ Lpras-1 [ Lz
My Cormputer
DCSAPRS4  |[|man [ifmssaaa
]
Wy Hetwork File name: ImEEIru:n e
Places
Files of type: |Device [

j Open
j Cancel
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The next screen shows the initial “tab” for Registers 00-02 in

functional order.

m LM63/MOPB Evaluation Board

File Device Help

feallc Start Start | |f
120 Addr |42 = Plat Log | [iRe

TR 30F | 11-43 | 451 52:5¢ | BFFF |

Read Cont
OFF hd

v "frite On Change
[v Read After 'wite

Jouclr | At Register Bit Field Register Bits [click]  Hex | Bit Field Value

i} Local Temp ooo1orio [95 || 22 pea

01 FRemote Temp M5B oool 0100 [14 | 20500 Degt

10 Remate Temp LSE loo H HHHH ’ﬁ

ENE "EREEERE o e o
Local High &Jaim I 0 II IIII |
Remote High Alaim BN ] ] |
Femate: Law Alarm [T ]| =
Remote Diode Fault &larm IIII I 0 II |
Remote T_CRIT Alam III. ll ] 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.

[X] LM63/NOPB Evaluation Board (A[=3)
File Device Help
Reg File: Start Start Fiead | Read Cont [ ‘wiite On Change
120 addr [ ¥ Plet Log Fegs | (YIS ¥ Read After Wiite
WA oa.0F | 11-43 | 4851 | 5257 | BFeF |
Joucir | Atr Register Bit Field Register Bits [click]  Hew | Bit Field Value
00 Local Temp o001 0110 [ [ 22 pegt
m FRemate Temp MSE ooo1 0100 [14 | [ 20250 DeqC
10 Remote Temp LSB o1lan H HHHH ,ﬁ
I g
Local High Alarm I ] II IIII ’—L|
Remote High Alarm III i} IIII ’—L|
Remote Law Alarm IIII 0 III ’—Ll
Remote Diode Fault Alarm I II ’—L|
Remote T_CRIT Alarm IIII II a I ’—L|
(T O —

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.
[%] LME3MOPB Evaluation Board =3
File Device Help
Reg File: ar Al ead | Fead Cont [v ‘wiite On Change
I2EgAddr [1c ~] M M M Al Fegs = J ¥ Fead After wmge
GENT 11-43| 4451 | 5257 | BRFF |

fclr | Attr Fieqister Bit Field Fiegister Bitz [click] Hex | Bit Field ' alue

gg ALERTH Mask o BEE BEBE | | [aLerTH intempts enabl =]
T e
P Disablein Stanchy | [ I NI [P/ enabled in standb v |
ALERTH#/Tach Select [ (T[T H” | W

T_CRIT Limit Override

RDTS Fault Queue II . lII o ALERTH if any conv out:
04, C ion Rt -
o onversion Fate HHHH 1oo0 [og | 160
05 Lacal High Setpoint olo00 0110 [45 70 DegC ﬂ Jj
[E
07, Remate High Setpoint MSE o|1{o|ofolL|1|o ’E 70000 DegC ﬂ Jj
oo
13 Remate High 5 etpairt LSB on DE EHHE [oo

08, Remate Low Setpaint MSE oooo o000 [pg
0E

’WDegCﬂ J j

14 Remate Low Setpaint LSB ooo H HHHH [ oo
0F One Shat Trigger o000 o000 ,ﬁ

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] LM63MOPB Evaluation Board =3

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.
[ LM63/NOPB Evaluation Board (=]

File Device Help

Fieg File: ﬂ ﬂ Read | Fiead Cont W Wit On Change

12C Addr [4c | Plot | _Log | FRegs | [alRegs ~ ¥ Fiead After Wiite

00-02 | 030F | 1144

b J ot JRegister Bit Field HeglsterBlls [cick]  Hex | Bit Field Value

48 Py/M Program e B EEEE |z | [cnabe -
Push Dutput Polariy [ BN ]] 0 fan off -
PrM Clock Select [T (] ] [P clack is 380KHz = |
Tachameter Mode 1111 B [Tadfors  +]

48 Fast Tach Tem Spinup ga: [# | [setPwMtotoo +]
Putd Sorue Do Cocle | [ [z =]
Pt Spinup Time lIII I 111 el -

na Pwitd Target Enable o HHH HHHH m I—D E4 LU ﬂ
P Target Value ln oo on0oao

aC M Value BEcc ccce [ ([ oz < o

4D P/M Frequency BEE: o (o7 ([ msmwe o[

4F Lockup Table Hysteresis HHHD 0100 [o4 || 4pegc o[

50 Legup Tekh e | Brerroe: [ | 127 peo o] 0]

51 Lookup Table P 1 BE:: e [ | mz o [0

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.

ISl LM63/NOPB Evaluation Board =3

File Device Help

Fieg File: ﬂ ﬂ Fead | Fiead Cont [ ‘wiite On Change

120 el lc—j Plot | Leg | Regs | [aReqs ~| I ReadAfter Wite

- 4451 | 525F | BF-FF |

har[ et [Register Bit Field Fiegister Bits (click) _ Hex | Bit Field Value

1 Remote Offset M3B oooo 0000 [0 [ 0000 pegc <[ [ v

12 Flemote Dffset LSB oo o] BEEE [

16 LocalHigh ALERT mask | B BEEEEE |+ | [ratesierrs <)
Remats High ALERT mask | [ N Enable ALERTH =
Remate LowALERT mes< | [ ° NI Enabla ALERTH =
Remate T_CRIT ALERT (TTTTTH ] Enabla ALERTH =
Tach ALERT mask [ [ §]] B Enable ALERTH -

19 Remote T_CRIT Limi o101 0101 [55 [[T 85 Degc 4 [ 0]

21 Remote T_CRIT Hysteresis | 0000 1010 [a || 10 pegr <[ ]

47 Tach Count MSE 0o0loo0101 [z5 557 REM

46 Tach Count LSB 1110 0 u [E3
Tach Edge Count (17 ]| B SEda -

43 Tach Linit MSR 1111111 [ [T omed <l

43 Tach Limit LSB 11111111 [FF
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Eile Device Help

FiegFile: ﬂ ﬂ Read | Fiead Cont ¥ wite On Chan.ge

12Cadd 4 <] Plot | _Log | FRegs | [alRegs ~ WV Fiead After Wiite

0002 | 03-0F | 11-43 52.5F | BF-FF |

bar st | Register Bit Field Fegister Bits [olick]  Hex | Bit Fisld Valus

@l [PMPosen B BEERE /= o :
b Dutput Polarit Ill i Illl [hanct =]
Ph/M Clock Select (T[] [P clock is 80KHz <]
Tachometer Mode I.II Ill 1 [Least effecton Pt = |

4B Fast Tach Term Spinup o[ [ [[setPwMtoron <]
it Spinup Duty Cycle I :EEn 100z -
Pt Spinup Time I.II I 111 m

na Piwh Target Enable 'EEEEEEE (o | oz <l
Pt Target Value Io oo oooan

4C P/ Value HHDI l1ooa0 [ sz 4

40 FwM Frequency BEE: cr1: [7 | e ol [ ol

4F Lookup Table Hysteresis Hﬁﬁo o100 [o4 [[ 4pegc o]

50 Lockup Table Temp 1 Hl 1111021 [7F [T 927 pegc o ]

51 Lockup Table P/ 1 BE v [ [ w0z o [
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Another selection that can be made with the 4A-51 tab screen is
to select the accuracy of the tach measurements. Refer to the
LM63 datasheet for the details. The screen below shows the
options and the selection of the “Most Accurate” readings.

m LM63/MNOPB Evaluation Board

File Device Help

ReaFile: Start Start Read | Read Cont Iv *frite On Change
120 Addr 4~ M M E [alFegs ~| W Read After wiite

Phfhd Spinup Time

IIII I-1 11 3230 A
- M08 BEER o 0z ol o

Ioou nooo

na P/t Target Enable

b Target Value

aC Pt Yalue HHDU oooo o [[ o0z 4l ¢
4D P Frequency HHHI o111 [q7 7826 Ha= ﬂJ j
4F Lookup Table Hysteresis HHHU o100 [o4 [[ 4pegc o[ ¢
] Lookup Table Temp 1 HJ. 111020101 [7F || 127 peac 4 1]
51 Lookup Table Ptk 1 HHI 11111 [ | ﬂ M

Notice Lookup Table Temperature and PWM for the first step.

See LM63 Datasheet for details.

When the last tab, BF-FF, is selected the screen looks like this:

[ LM63MOPB Evaluation Board =33

File Device Help

Req File: Start Start Fead | Fead Cont
12C Addr [4c = Plat Log Regs | [alRegs «

o0-02 | 030 | 11-49 | 4451 | 5258

[v ‘wiite On Change
[v Read After YWiite

002 | 03-0F | 11-49 [ESEL 52.5F] BFFF| fudr | Attr | Register Bit Field Register Bits [click]  Hes | Bit Field Value

b [ate [ Register Bit Field Fiegister Bits [dlick]  Hex | Bit Field Value BF Remate Temp Filter CEERE- @ o0 | [Disabled v

44 Pt Program HH 1 H HHHH ’E m Comparator Mode IIII III o ’m
s Output Palarity IIID III. [ovfanofft =] FE Manufacturer's |0 oooooool [qp ’m
Prafhd Clock Select [ | ] ] Frdhd clock is 360KHz = TF Stepping ID o0 QEBE [
Vet it IIII IID " Trad.it.innal :" Revizion [D .Ill 0Do1l1

& et Uz et STie Bg: [5 []traconabeeer o
Puspne Doy e | [ I i A

In the next screen the Remote Temp Filtering box shows the
Maximum Filtering selected.

m LM63/MOPB Evaluation Board

F1oX

Fil= Device Help
Fieq File: Start Start Read | Read Cont v ‘itz On Change
: : : I2CAdd [4c - et Log | Regs | [alRegs ~ I Read After Wit
Selecting the 52-5F tab will show the following screen. - s
i : ARG 0002 | 0308 | 1149 4a51| 5257 [
LS ORY ] £l L La[ate | Register it Field Fiegister Bits (cick]  Hex | Bit Field Value
il i I
File Device Help _ BF Remote Temp Fiter HHHH H 11 H [(06 | [E——-—"
Reg File: Start Start Read | Read Cont Iv ‘wirite On Change i
I2C Addr [45 = Piot | Log | FRegs | [alRegs » W Read Alter Wiits Camparator Mode 111 K ALERTH pin ntemupt.
0002 | 03-0F | 11-43| 4451 BFFF | FE Manufacturer's 1D 8000 0001 [m | [Mationsl Semiconductar ~
i | Attr Feqister Bit Field Register Bits [click]  Hex | Bit Figld Value FF Stepping ID ooo1 HH m
52 Loakup Table Temp 2 Hl 111111 [7F 127 DegC ﬂ M
Revision ID Illl oo1l1l
53 Lookup Table Pt 2 HHJ. 11111 [F 100 % ﬂ M
54 Lookup Table Temp 3 Hl 111111 [7F 127 peat ¢ ||
55 Loakup Table Pt 3 HHJ. 11111 [ 100 % ﬂ M
56 Loakup Table Temp 4 Hl 111111 [#F 127 DeaC ﬂ M
57 Lookup Table P 4 Hﬂl 11111 [F [
53 Lookup Table Temp 5 Hl 111111 [7F 127 pegt 4[]
59 Lookup T able Pt 5 Hﬁl 11111 [ 100 % ﬂ M
5 Lookup Table Temp & Hl 111111 [7F 127 DegC ﬂ M
56 Lookup Table PwM & Hﬂl 11111 [ IS
5C Lookup Table Temp 7 Hl 111111 [7F 127 pegt ¢ ]
5D Loakup Table Pt 7 HHJ. 11111 [ 100 % ﬂ M
= Lok T ot T 8 Bei oo (7 | oo Do 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
o Lo UaBlFN & 1 e R I S 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.
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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.

EEX

2 4 B 8 1012 14 16 18 20 22 24 26 28 30

— ] Temp=23 R Teamp=21.750

B(=1[Ed

22 24 26 28 30 32 34 36 35 40 42 44 46 48 5O

m— DRIV al=52

m
1

32 34 36 38 40 42 44 46 43 50 52 54 56 53 6O

m— TachCp=2802
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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 test1.txt” but the
user can create whatever filename is desired.

Open Log File E
x| & ®EcfE-

Lack in: | ) TestData

D

My Recent
Documents

3

Desktop

My Documents
deapps

3

My Computer

DCSAPPS4
My Hetwork  File name: |Im83n0pb test 1.t ﬂ
Places
Files of type: [ Lo iles [*t;" log) | Cancel
www.national.com



2.2 LM96163EVAL /NOPB Board Only

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

3] LM96163/MNOPB %]
Select the desired hardware
&+ | MIE163/MOPE Evaluation Board
" LM9E163/MOPE ICHx Interface

" LM3B163/MOPE Mo 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

)t

Look jn: | I device ﬂ I‘j‘ Ed-
Y [Hepcsosss [Eimez = LMae0esRaHS
\_\ﬁ M3z LMa9
My Recent LM4E| LMQQ-]
Documents ) pqy S
M = Lmes [t
Imé3naph LMBEZ1E
Deskton | mea [Emes214
LML LMa5Z21
'wT LM73 LMI5Z31
mi75 LM95233
My 33:;‘;":"“ Eimes [ Lmes234
— L5 LMI5Z35
3’3 LMag LMe5241
LM8a-1 LMa5245
typ Computer
DLSAPPS 4 Lm0 LMBE000
e
MyMetwork  File name: [Iviz6183napb R Cpen
Places
Files af type: |Dawca 1 j Cancel
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The next screen shows the initial “tab” for Registers 00-02 in
functional order.

[¥]1.196163/NOPB Evaluation Board EoXE

Fle Device Help

Fieg File: ﬂ ﬂ “Fegd Fead Cont J ¥ ‘Wit On Chan.ge

I12C Addr 42 ] Flot | _Loa | [: [oFF =] ¥ Read After Wiite

W 030F | 11-33| 4549 4851 | 52:5F | 60-FF| na |

buar| e | Register Bit Field Flegister Bits [click]  Hex | Bit Field Value

oo|R Local Temp o001 0111 [17 [T 23 Deqt

m(R Femate Temp MSB coo1 o110 [q5 |[ 22250 pegc

10|R Fiemate Temp L5B o1 ol BEEE

AR Remate Temp MSB LIS coo1 o110 [15 |[ 22250 peat

a2|R Fiemate Temp LSE U5 o1 ol BEEE

wr o ENEEEEE - [
R Lacal High Alarm l o l. Il.l I—L|
3] Remate High Alarm III 0 IIII ’—L|
R Femate Low Alarmn l.l. i lll I—L|
R Remote Diode FauitAlam | I - WA =l
R Fiemate T_CRIT Alam Inna =
7 [ronn T R —

The next screen shows what the first initial reading is from the

continuously read all registers so that the Local and Remote
File Device Help
o cr | Akt Register Bit Field Register Bits [click] Hex | Bit Field Value
01|R Femote Temp M5B
- - Q) EEEl e

first data conversion. The next step is usually for the user to
select the pull-down box labeled “Read Cont” ALL REGS to
temperatures are updated continuously. See below.
[ 11496163/NOPB Evaluation Board M=
Reg File: Start Start Fead | Read Cont v Wiite On Change
12C Addr |dc Plat Log | Regs | [EY)EHEN ¥ Read After wits
EEE =07 | 1133) 4549 4861 ] 526 | 60FF| na |
00| R Local Temp o001 0111 [17 [T 23 Deqt
ooor o110 [15 | [ 22260 peqt
sool o110 [qg 22750 DedC
10 NEE

10|R Fiemote Temp LSE

IR Femate Temp M5B US

32|R Remate Temp LSE US

O WeEER || o
R Local High Alam (B f]]]] =l
R Remote High Alarm [ [ El[]]] =
R FRemate Law Alam IIII i III =
R Femote Diode Fault Alarm IIII I ] II ,—L|
R |Remote T_CRIT Alam (TTTTTH =
R Tach Alarm 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.

I 1.M96163/NOPB Evaluation Board A=

File Devi
Req File:
12C &ddr

ce Help

Start Start Read | Read Cont
4o - Plat Lag Regs AllRegs v

W wirite On Change
v Read After wiite

R#w | TACH Enable
RAx | T_CRIT Limit Overide

Ry | RDTS Fault Queue

00-02 | 11-32] 4543 4851 | 525F | 60-FF| na |
i | Atte Reqister Bit Field Reqister Bits [click] Hex | Bit Figld Value
gg Ry |ALERTH Mask 0 Hﬁﬁ ﬁﬂﬁ [0a m
RAy | Standby ’W
R/ | P/ Disable in Standby [P enabled in standby_~ |

TACH Input enable -
Overide disabled hd
ALERTH if any corw out: =

044 R

Conversion Rate

Hﬂﬁﬁlooo [02

16 Hz -

[E

054 RAw

Lacal High Setpaint

01000110 [45

[ 70 pear | [ 0]

oo

074 R

13| RAx

Femate High 5etpoint M5B

Remate High Setpoint LSB

01010101 [&5

°c QD EERA [«

[85000 Degt «[ [ ]

0

084 RAw
14| RAw

Remate Low Setpoint M5B

Femaote Low Setpaint LSEB

oooo 0000 [

1

[ 0000 Degt «[ [ ]

OF | '

One Shot Trigger

oooo o000 g

The user can experiment with the register functions for these
registers as explained in the LM96163 datasheet.

Selecting the 11-33 tab will reveal the following screen.
m LM96163MNOPB Evaluation Board

EJok

File Device Help
Reg File: Start Start Read | Fead Cont W ke On Changs
12C Addr ,E‘ Plot Log Regs | [alfegs ~ I Read After Wirite
00-02 | 03-0F 45-43 | 4851 | 525F | E0FF| na |
i | Asttr Fiegister Bit Field Feqister Bits [click] Hex | Bit Field Yalue
11| RAs | Remote Offset MSE onon o000 lﬁ 0.000 Degtﬂ J j
12| RAW | Remote Dfset LSE oo oﬁ HHHH [Too
16| Raw | Local High ALERT mask il H ﬁﬂﬁ [84 | [Enable sLERT# -
Raw | Remate High ALERT mask | I I Enatle ALERTH -
RAw | Remote Low ALERT mask IIII o III Enable ALERT# -
Réw/ | Remate T_CRIT ALERT IIII II 0 I Enable ALERTH =
Raw | Tach ALERT mask I Enafle ALERTH -
19| R Remote T_CRIT Limit 01101110 [GE 110 DegC
21|RAw | Remote T_CRIT Hpsteresis o000 1010 [qga 10 DeqC JJ j
30| RA | Remote TruTherm Enable HHHH HH o H ’E TmaTherm Disabled -
3[R |POR Stats " CEE BEEE o | [re -

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

and offset registers.

© Copyright 2008 National Semiconductor Corporation 12

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

[2] LM96163MOPB Evaluation Board (=13

File Device Help
Feg File: ﬂ ﬂ E Fiead Cant W Wwite On Change
12CAdd [40 +| Plot | _Log | Pegs | [alFiegs ~ W Read After Wit
00-02 | 030F | 11-33 4551 525F | 50FF| na |
bar] st [Register Bit Field Fegicter Bits [click]  Hex | BitField Value
45| Rew | Signed Temp Fiter Bits B-BE BEEE oo | [cves e fomatreg 10 7]
Rw | LUT Resolution T’ ] T =
RAw | 225kHz Pwh High Res .l. 0 .l.l £ o5 =
Rrw [ TCAIT andigh setFom=t | I © I Signed Fomat =
RAw | Pyw/M Flamp Setting .l.. . oo l W
R [P Ramp RateEnatle | I M [Drabled L33 =]
47|R Tach Count MSE o|o{o{offof1|of2 lﬁ 641 BRM
46| R Tach Court LSB 1(1]ofof1 0 [tE
R Tach Edge Count IIII II 11 5 Edges =
45| Rew [ Tach Limit MsE 1111111 [ [T aomew ol ¢
48|RAw | Tach Limit LSB 11111111 [FF

Selecting the 4A-51 tab shows the following screen.

[ LM96163MOPB Evaluation Board =

Flle Device Help

Reg File: ﬂ ﬂ E Fiead Cont W wite On Change

IZCadd (40 -] Flot | _Loa | PRegs | [a)Regs = ¥ Read After wie

0002 | 0307 | 1133 4549 [N sesF | e0fF| na |

b [ e [ Register Bit Fieid Rlegister Bits [olick]  Hex | Bit Field Value

46| Rrw | PwM Program B0 QEEEE | = |[erete -]
RAW | PuM Dutput Polaity [Wianat  ~]
RiAw | P Clock Select [PwiM clack is 360KHz = |
RAW | Tachometer Mode Tradfional -

48[ RAw [ Fast Tach Tem Spinup gd:B [#F |[satPwhMcionz =)
RAW | Pwh Spinup Duty Cycle III ia lll [tz =]
FiAw | Pushd Spinup Time [ | R 323ec e

acfr [P HiRes IO EEEE = [ Frome < ]
RAW | Pk Value II1 Dl1l1l0

4p|Rw | PwM Frequency Hﬂﬂl oLl 47 e |

aE[Rew [LUT Temp Offset BEcc occo [0 || 0pec <l

4F|Réw | Lackup Table Hysteresis BEE: o100 [od || 4pec <[] ]

50| R |Laokup Table Temp 1 Bre:rrrs [7F | 127 Degc ] 0]

51 R | Lookup Table Pk 1 ﬂﬂll teiy o | oz o 0]

This is for experimenting with the PWM, Tach and fan speed
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+ %.

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
LM96163 datasheet for the details. The screen below shows the

options and the selection of the “Most Accurate” readings.
[J 1.M96163/NOPB Evaluation Board A=

File Device Help

Feg File: Start Start Read | Read Cont
12CAddr [42 ~ Plat Log | Fegs | [alRegs ~

o002 | 03-0F | 11-33] 45-49 526F | G0FF| na |

W rite On Change
Iv Read after wirite

R | Pii Clock Select

Raw | Tachometer Mode

[ ]| B

. clr | Atte Register Bit Field Register Bite [click] Hex | BitField Value
4a|RAw | Pk Program HH 1 H HHH ’E Enable 2
FAs | Prh Output Polarity I I o II I o fan off hd

Pl clock iz 360KHz - =

4B| R4 | Fast Tach Term Spinup

o] S

Set P/ to 100% -

When the last tab, 60-FF, is selected the screen looks like this:

m LM96163/NOPB Evaluation Board

File Device Help

Reg File: Start Start Fead | Read Cont
12C Addr [4c w Plat Log Regs | [AlFeqs ~

0002 | 030F | 11-33] 4549 4851 | 5257

o)X
[v ‘wiite On Change
Iv Read After wiite

=
o

fudr | Attr | Register Bit Field Redgister Bits [click]  Hex | Bit Field Value
60| R | Lookup Table Temp 3 Hl t1 1110 [ | 127 neae 4 v
B1|RAW | Lookup Table Piakd 9 HHL trrie [ | 100 4 |
62| R | Lookup Table Temp 10 Hl 111110 [ | 127 peac 4| v
63| Rw | Lookup Table Fyw/h 10 HHL i1 [ | w4 el
E4|RAw | Lookup Table Temp 11 Hl t1r 1111 [7F | [ 127 pegc ﬂ M
E5|RAw | Lookup Table Pk 11 HHL 111w | 1ok ﬂ M
B6| R | Lookup Table Temp 12 Hl tr 1111 [7 | [ 127 Deat ﬂ M
67| RAw | Lookup Table Pk 12 HHL trrie [ ([0 4 [
EF|Rw | Femate Temp Filtsr HHHH H 0o H [00 | [Dissbled =]

Fitad | Comparator Mode IIII III 0 [ALERTH pin intemupt v
FE[R Manufacturer's (D gooo o000l o ’W
FF|R Stepping D o[1{ofo Hﬂ [43

R Fievision 1D IIII lo01

R | Pt Spinup Dty Cycle I 0 Moo <

R | Py Spinup Time [T T 20 =
4C|R P Hi Res a DH H ,E ’mz ﬂ Jﬂ

Raw | Pt Walue IIl 01110
40| Raw | P Frequency BEE: 22 [7 | 7o me <[
4E[RAw [LUT Temp Offset BEcccooo [@ | 0pec <[
4F|RAw | Lookup Table Hysteresis HHHD o100 [oa || 4pegc <]
50| Raw | Lookup Table Temp 1 Brcrries [ [ 127 peac <] |2]
51| RAw | Lookup Table Pwi 1 BE:: 1 [ | oz < |+

Register BF allows for the selection of different filtering
settings. See the screen below.

m LM96163/NOPB Evaluation Board

E0X

Notice Lookup Table Temperature and PWM for the first step.
See LM96163 Datasheet for details.

Selecting the 52-5F tab will show the following screen.
[ LM961 63/NDPB Evaluation Board EB

o/

File Device Help
Reg File: Start Start Fiead | Fead Cont v ‘wite On Change
12C Add (40 = Plot Log | _Regs | [alRegs « v Riead Alter wiite
00-02 | 030F | 11-33 | 4545 4851 il 60-FF] na |
J.cir | Aty Register Bit Field Register Bits (click]  Hex | Bit Field Valus
52| RAw | Lookup Table Temp 2 HJ. 1{affL(1f2]1 ’? 127 DegC ﬂ JL'
53| R | Lookup Table P 2 Hﬂl 11111 [3F 100 % ﬂ JL'
54| BAw | Lookup Table Temp 3 HJ. 111111 ’? 127 DegC ﬂ JL'
55| RAw | Lookup Table Pl 3 Hﬂl 11111 [ T I
B6| RAw | Lookup Table Temp 4 Hl 1{affL]1fa]r ’? ’T DegC ﬂ JL'
57| RAw | Lookup Table PusM 4 Hﬂl 11111 ’? ’w % ﬂ JL'
58| RAw | Lookup Table Temp & HJ. 1{affL]1fa]1 ’? 127 DeqC ﬂ JL'
53| RAY | Lookup Table Pustd & Hﬂl 11111 ’? 100 % ﬂ JL'
B4l RAY | Lookup Table Temp 6 HJ. 1{affL]1fa]1 ’F 127 DeaC ﬂ JL'
5B| RAw | Lockup Table Pt 6 Hﬂl 11111 [3F 100 % ﬂ JL'
5C| BAw | Lookup Table Temp 7 HJ. 111111 ’? 127 DegC ﬂ JL'
SD|RAw | Lookup Table P 7 Hﬂl 11111 [ e 4 ]
SE|RAw | Lookup Table Temp 8 Hl 111111 [7F | [ 127 Degt ﬂ M
BF|RA | Lookup Table PusM & Hﬂl 11111 ’? ’w % ﬂ JL'

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

File Device Help

RegFile: Start Start Fead | Fead Cont
12C Addr [d4c = Plat Log Regs | [alReqs ~

0002 | 030 | 11-33] 4549 451 5257 B na |

v 'wiite On Change
Iv Fead After write

bo.cir | At Reaqister Bit Field Reqister Bits [click]  Hex | Bit Field Value
g0| R | Lookup Table Temp 9 Hl 111121 [ | azr Degcﬂ M
B1|RAw | Lookup Table Pudh 9 Hﬂl 11y [ [ o ]
g2|RA | Lookup Table Temp 10 Hl 111121 [ | azr Degcﬂ M
63| RAw | Lookup Table Phadhd 10 Hﬂl 11y [ [ me o e
G4|RAW | Lookup Table Temp 11 Hl 1111201 [ |z Degtﬂ M
65| RAw | Lookup Table Pk 11 Hﬂl 11y [ [ me o e
66| A | Lookup Table Temp 12 Hl 1111201 [ |z Degtﬂ M
67| R/ | Lookup Table Phih 12 Hﬂl 11y [ [ mz o e
BF|R/w | Remote Temp Fiter EEEEE: :B [ | [Erecedlovaz -
Sl e 1 | O
FE[R [Manufactuers D 2o0s oo [0 | [
FF|R Stepping |0 n1oan Hﬂ [43
Fi Fievigian |0 IlII 1001
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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/MNOPB Evaluation Board

File Device Help

Fieq File: Start Start Read | Fead Cont
I2CAdd [4c Plat Log | Reds | [alRegs ~

0002 | 030F | 11:33] 4549] 4851 | 525 [EIRR na |

I ‘wiite On Change
v Fead After Wiite

. oir | Auttr Reqister Bit Field Reqister Bits [click] Hex | Bit Field Yalue

E7| R | Lookup Table P 12 Hﬂl 11111 [3F 100 % ﬂ
HHHHHI lﬂ ’ﬁ Enhanced Level 2
[ 1R
oooo 000l [
" EEEE -
mm

B0|RAw | Lookup Table Temp 3 HJ. 1111 [w |z Degtﬂ M
B1|RAw | Lookup Table Pt 9 Hﬂl 11111 [ [ 1m0 ﬂ M
62|Raw | Lookup Table Temp 10 frorrias [5F |12 pegn o [0
B3| R | Lookup Table P 10 Hﬂl 11111 [ [ 1m0 ﬂ M
64 |Raw | Lookup Table Temp 11 frorrias [5F |12 pegn o [0
B5|RAW | Lookup Table Pk 11 Hﬂl 1111 [ |k ﬂ M
B6|RAw | Lookup Table Temp 12 frorrias [5F |12 pean o [0

i

BF|RA4 | Remote Temp Filter

R | Comparator Mode

ALERTH pin interrupt -

FE|R Manutacturer's [0

FF|R Stepping ID

R Revizion (D

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

m LmM96163/MNOPB Evaluation Board

File Device Help

Feg File: Start Start Read | Aead Cont
|2C Addr [4c = Plot Log Regs | [alRegs

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

I rite On Change
v Read After \write

budr | Atte Reqister Bit Field Reaister Bits [click] Hex | Bit Field Value
na|R Terit 1 H ,ﬁ e -
A |otens [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.

0
2 4 B 8 10121416 18 20 22 24 26 28 30
m— Temp= m— T Temp= m— ] Temp=25

o=1ES

B0}

anl i

52 54 56 5% B0 B2 B4 BE B2 YO 72 74 YE 73 20

e DRINal=50 7937

i B L Lo L SR L :

AL ccocococoocacomoocacoomocacosaacococazas ........

0004+ - focoooocs onooee occeonces - poccaocs :

78 80 85 a0 95 100

e Tach Ct=3622
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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 “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 @
Look in: |Lf} Im35163nopb ﬂ =
Iy Recent
Drocuments
(
Desktop
My Documents
dcapps
by Compuiter
DCSAPPS4
My Netwark File hame: ImElEiT noph test] b ﬂ Qpen
Flaces |
Files of type: [Log fles [* tat" Iog) El ﬂ

© Copyright 2008 National Semiconductor Corporation 15
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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. ¥50+0.1V,
100 mA max.
+5.0+0.1V

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
See next 2 pages for the schematic.

© Copyright 2008 National Semiconductor Corporation 19
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DUTP

Use 0.1 uF and 100pF capacitors for
VDD pin of U1, U2 and U3. Place
100pF closest to VDD pin. Use C15
and C16 for UL. Use C3 and C4 for

U2. Use C5 and C6 for U3.
DUTP

+3.3_.VDC

Pover Pin

DUTP

C.
0.1ul

10

|_

o N

L

C6
F| 0.1ul 100 pF|

G

1 L
C4T CST

100 pF 0.1uF
<~

o

DUT Power
J

3 1 USB Power
4 2

2
LM63/96063 Alert/Tach Select

S
<

TP1

D

TP3

TPS

D

-Place pin labels on all headers.

D+ 1 L -Place all 100pF capacitors as close to pins of
DUT/socket as possible (on back side of board if
D+ necessary).
P4 -Make sure that traces to transistor Q1 are in
D- 1 parallel, approximately the same length and use 10
o- mil traces.
P6

1
GND

Male TP 1-8 holes capable of

3 1 ALERT accepting 18 AWG wire.
+3.3 VDC 1] 2
TACH
0ohms 2 R1 Pyt white rectangle R2
10 kohms R4
for part number. ]
DUT TACH
7 éDUT PWM 0 kohms
ot 100 pr or 2.2nF ALERT S ompoLK
14 DUTP U1 — { ALERT
8 DUT_SMBCLK BCLK SMBCLK e
MMBT3904/SOT QB 3 1 D+ D+ VDD SMBCLK =7 %BE_ MEDAT
4| 2 D D- g* ALE:#?ES\J 6 AE ALERT
( - TCRIT
o LE_I PWM GND 5@
LM63/LM96063 PWM
HEADER 2X2 DUT_PWM T KI7
J5  FanPoer
GND Connector
=] 5
J3 % 1] GND
HEADER 8X2 " o
6 6.3kshms
0%hifis RY
= 1¥Xolms
L 4
DUT TCRIT o 0 DUT SMBCLK 3 GND
8 BUTP TCRIT & SMBCLK UT_SMBDAN TACH R 2 POWER
o VDD O SMBDAT UT-TACH PV Wms 1 TACH
100 pF D- D+ TACH UT_ALERT vl
DUT AWM D- ALERT
= PWM GND [
V96163 _?I7 N 5L kohms 39
10 kohms . 4-Pin Fan Header
37 GPD[1..5]
GPD1
GPD1 2 GPD2 +3.3_.VDC
GPD2 GPD3
GPD3 4 GPD4 |
GPD4 GPD5 u3™
GPDS GPIOTN| GPIO o 20 GPD1]
GPIOL GPI02 GPIO e gl G R11 Q R12 Q R13 Q R14 Q R15 Q R16 Q R17 Q R18 Q2 R19 Q2 R20
GPIO2 GPIo3\| GPIO 22 GPDS| 10k » 10k » 10k » 10k » 10k » 10k » 10k » 10k » 10k > 10k
GPIo3 GPTOA\] GPIO 19 | GPIO3 GPD3 753 GPDY
GPIo4 0 GPIO5 GPIO 18 | GPIO4 S
GPIOS GPIO[L..5] GPIOS
E D+ SMBCLK
HEADER 10 9 - g o+ SNEOAY
.2 nF b-
% NC1
X117 NC2
X—=— NC3
DUTP 5
VDD
N6
itle
LM63/64/96063/96163 Fan Controller Ev aluation Board
ize Document Number ev
B LM63/64/96063/96163 Fan Controller Eval Rev 1.2
1.2
[Date: Wednesday, May 07, 2008 JSheet T of 2
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Use a 0.01 uF capacitor for each Vcc 1l et GND1 F2
+3.3VDC and AVcc pin and WAKEUP pin of U2 gg vee2 GND2 gé—'
T ] 3] vecs GND3 g
T r r r L L L L T T T 291 Vecs anbs [
53 65
cio| cu1 ci2| ci3| cua| cis| cie| c17| ci8| ci| cz0| ca 66 | VESS ooy [
0.01uF| 0.01uF| 0.01uF| 0.01uF| 0.01uF| 0.0luF| 0.01uF| 0.01uF| 0.0luF| 0.0luF| 0.01uF| 0.01uF 78| VeCh oNDs |24
85 1 vccs GNpg 22—
% RSVD_GND 2
12 AvVCCL AGND1 g
Avce2 AGND2
us +33VDC Cypress CY7C68013A-100AXC A4
LP2950CDT-3.3/T0252
3
ouT <+3.3vDC
L1t uH L‘:rlN U4A
UH T T coa co5 See Sheet 1 of this schematic for
2.2uF 0.1uF 2.2uF 1uF A H
uF | Ou %—2-{ RDYOISLRD 03 interconnection to the LM96163
+ Ro1 X5 RDYL/SLWR PE7/GPIFADRS [g5—X . . .
<~ No Stuff (1.5K) %—&{ RDY2 PEG/T2EX [g1—X and the surroundlng circuitry.
: X— RDY3 PES/INT6 [~g5————————<<KDUT PWM
X5 RDY4 PE4/RXD10UT [
X—— RDY5 PE3/RXDOOUT [—gg—X
84 PE2/T20UT TX
VBUS DUT TACH >—22 INT5_N PEL/TIOUT [gg=—X
5 X5 INT4 PEO/TOOUT X
D- DMINUS
98
3 17 PD7/FD15 [~g7—X
D+ DPLUS PD6/FD14 [~g5—X
4 %0 PDS/FD13 [ge—X
GND |5 2571 | TXDO PD4/FD12 [—g3—X
SHELL 1 [ X457 RXDO PD3/FD11 [g5—X
SHELL_2 X437 TXD1 PD2/FD10 [g7—X
+3.3VDC X+ RXD1 PD1/FD9 [g5—X
R22 T 54 PDO/FD8 [——X
™ X2z CTLOFLAGA
Us %55 CTLUFLAGB a7
105 X—27| CTL2/FLAGC PB7/FD7 [ X
AT24C02-108-2.7 % CTL3 PB6/FD6 %x
1 R23 R2 c26 X761 CTL4 PBS/FD5 [77~X
A0 vee | 15K & 15k | 0.0k X131 CTLs PB4/FD4 |-
5 7 : : : X~ Ne1 PB3/FD3 35
AL wpP X157 NC2 PB2/FD2 [32
3 5 X—=-NC3 PBL/FDL [3;
A2 scL 79 PBO/FDO
4 5 WAKEUP
Vss SDA 74
3 t—< SMBCLK PA7IFLGD/SLCS N [73~X
i PAB/PKTEND [—5—X GPIOS
SMBus C ti
e Connection K SMBDAT  %—32- wR_N PASIFIFOADRL [22—X GPIO4
SMBCLK X—==— RD_N PA4/FIFOADRO |75 GPIO3
| 2 SMBDAT 28 PA3WU2 5o GPIO2
I3 6D | XX—=— BKPT PA2/SLOE [~gg GPIOL
33V SDA 30 PALINTL N |67
o 597 SDA PAO/INTO_N
<~ scL
*—2{ IFeik 2TCRIT
PC7/GPIFADR? ALERT .
HEADER 4 +33VDC % T0 PC6/GPIFADRG +3.3VDC Note:
) X557 TL PC5/GPIFADRS ’ Material: FR4-06
12 PC4/GPIFADR4
XTALIN PC3/GPIFADR3 Lead-free solder flash over copper.
PC2/GPIFADR2 1 Add No-Lead symbol to silkscreen.
10 PC1/GPIFADR1 u7 M
XTALOUT PCO/GPIFADRO M3722 co7 inimizevias.
ECS-240-12-5PX-TR 100 77 ) 0.014 Isolate crystal circuit with ground plane.
O~ cLKOUT RESET_N )
= 3 g A Isolate National Thermal sensor from
T Cypress CY7C680I3A-100AXC .
» RESET N > MRN X Microcontroller ground plane.
R25
100k
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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
Semiconductor Tel:  1-800-272-9959 Deutsch Tel: +49 (0) 699508 6208 Fax: 81-3-5639-7507
The Sight & Sound of informatian 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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