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LM32, LM40, LM41 Evaluation Board User’'s Guide

References

1. Datasheet for the device on the evaluation board:
a. “LM32 Dual Thermal Diode Temperature Sensor With SensorPath™ Bus” or

b. “LM40 Hardware Monitor with Dual Thermal Diodes and SensorPath™ Bus” or
c. “LMA41 Hardware Monitor with Thermal Diode Inputs and SensorPath™ Bus”

The latest copy of the LM32, LM40, LM41 datasheets can be obtained by going to the National
Semiconductor website www.national.com, by searching on “LM32”, “LM40”, or “LM41”, and then
downloading the appropriate datasheet file.

2. SensorEval, Version 1.04b or later, Evaluation Board CD containing:
a. The SensorEval.exe executable program used to run the LM32, LM40, or LM41
Evaluation Boards.
b. A softcopy of this User's Guide
c. A readme.txt file with useful information about the program.
d. A softcopy of the SensorEval Software manual.
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1.0 Introduction

The LM32/LM40/LM41 Evaluation Board is
used together with the National Semiconductor
SensorEval software (provided in the kit), and
with a USB cable (not provided in the kit), and
with an external personal computer (PC).
Power to the LM32/LM40/LM41 Evaluation
Board is provide by the +5VDC line of the USB
connection. No external power supply or signal
sources are required for operation of the
LM32/LM40/LM41 evaluation board.

Before connecting the PC to the
LM32/LM40/LM41 evaluation board through the
USB cable, the PC is first turned on and allowed
to go through its boot-up procedure. The user
installs and initiates the SensorEval software.
See Section 4.0 for software installation details.

After the SensorEval software is running, the
user can connect the USB cable first to the
computer and then to the LM32/LM40/LM41
Evaluation Board.

The PC should be able to recognize the board
and the user simply runs the SensorEval
software and selects the LM32/LM40/LM41 Eval
Board radio button. The software allows the

1.1Block Diagram

user to select which of the LM32, LM40, or
LM41 devices is used.

The block diagram below describes the
LM32/LM40/LM41 Evaluation Board itself. The
USB input provides the +5.0 VDC power to the
board, which is regulated down to 3.3 VDC to
power the IC’'s. The EEPROM is programmed
at the factory with a unique ID 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
LM32/LM40/LM41 Evaluation Board.

The microcontroller on the board provides the
single wire signal (SWD), provides the address
(ADD) select signal, and relays the information
from the LM32, LM40, or LM41 to the PC via
the USB lines.

The pins available to the user for probing vary
according to device type. The output pinouts for
each of the LM32, LM40, or LM41 are shown in
the Connections sections and the Electrical
Schematic.

use Lo8 oY iy SEL "| EEPROM
Input USB D-
P > SDA Circuit
Microcontroller lGND
GND +5.0VDC Circuitry
I
ADD
4 +3.3VDC B £
Voltage > SWD
Regulator
Circuit T l
\ >
L'; 0 o T D1+ A [ ] SWD
N 3 ADD
o o Lo us , R
0o LM32, LM40 33V
L'; J— ! ! Other Signals
oo T D2- or LM41 depending on device.
(See Connections and
Schematic)
I ||
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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).

2. Hookup the USB cable between the PC or notebook computer and the LM32/LM40/LM41 Evaluation
Board as shown in Quick Start Diagram below.

2.1 Quick Start Diagram

Important! NO EXTERNAL POWER SUPPLY OR SIGNAL INPUTS ARE REQUIRED!
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2.2 LM32 Quick Start
4. Click on the 09-20 Register Tab.
1. Run the SensorEval software by clicking the The Screen should look like this

icon on the desktop.

2. The first screen will look like this: =l
Fieg File: Start | Start | Read | Read  twille |7 WileOnChange
Deviee #[1 = Plot Log Regs Cont Feas | W Read After Wiite
oo [ st [ Register Bit Field Register Bits (click]  Hex | Bit Field Value
Selectthe desired hardware 03[R [Temp2 Value MSE 0ojoj1jo/1)o] o | 205 peac
{* k32 Evaluation Board o > BAEEAA I
R | Temp? Sensor [ [ ] JENGl | | lﬁ
" LM32 Mo Hardware R | Temp2Enor Flag i |
4] R | Temp Seneor 2 Enable EEEE lﬂ Iﬁ lm
Fiw/ | Temp Sensor 1 Enable ..lll1ll m
R | Temp Sensor 0 Enabls m
Riw | Temp Attention Enable m
20] Aw | Conversion Rate EEEEEE: o Tz m
Anather |
Device
Select the LM32 Evaluation Board.
Click OK.
3. The next screen will look like this:
i
He Devie Hep For Register OA select Enable for Temp Sensor
boen[ ] o | s | Bt | ot e [ e 0, 1 and 2.Note that Temp2 (Remote sensor
{505 cmos | 0920 [Q1 on the board] 2 is displayed in the box on
o [ [Register Bit Field Riegister Bits [click]  Hex | Bit Field Yaiue the right and is updated as the temperature of
tfn_[oeveetunter mEEEE || the Q1 changes.
01|R |Maruiactrer ID M5B oojo1oooa [in
U1 R |Mamfactuer D LSB ojolojof1o1t o] 5. Click on the 08-09 Register Tab.
B |fEm o000 o QEE [0 The screen should look like this:
A [peveero s (1T ] R =15l
02|R | Devies D LSB olo[1o/ojoa)t [z Hie Device Help
03[R [ Capabilties Func1 HEEE - oo« o | o = E:i.zzm ﬁl E'oil EZ;? i E::ld ﬁl :; ;Z:i::j:::g:
B4R | Device Bus Enr 'HEEEEEE 0005 {809 oa.an |
R | Device Emor Funcl lh s | 2t | Register Bit Field Register Bits [click]  Hex | Bit Field Yalue
R | Davice Stats Furer EEEEER: fhove B 03|R | Temp Ext Senscrs HEE@ - @ = | -
05| AW | Devios Fune! Enable BEE: BEEE [ [[ereer = R |Teme int Sensar [T B Fresert -
Rt | Dievice Low Power Enable T — 08|R [TempReadoutRegSiz= | o [IEIE] ENGIEIEN [+ | 5o -
R | Device Shutdown Enable lm || vEmm i .1.. I..I Sigred hd
Fiwf | Dievice Rresst Enable (TTTI]E [Pibles = || Vet | | GRS | | | 10 bits =
R | Temp Resolution .Ill II:I of1 05DeqgC -
ma|R | Temp0vahe MSD ooooltton Joo|| [ 25 pest
09|R | TemplValue LSE 1 1Eﬂ EEEE lﬁ

R | TempD Sensor #

|| |

O

Select “Read Cont” box to read the temperature U [R | Teme Valoe M3B oo00) 1o e] Jo [T 2osoeer
continuously. Notice that there are three tabs for 19|R | Temp vaie Lee o . (E DEEE =
the registers “00 through 05, “08 through 09”, A |Teret sensors mmc-m | =
and “09 through 20”. The first screen (above) R [Temet EvorFles mmmEr | =
displays the registers 00hex through 05hex.

For Register 05, “Device Funcl Enable”,
select ENABLED.
© Copyright 2004 National Semiconductor Corporation 6 www.national.com




Notice the Local (on chip) sensor (Temp 0)
and Remote 1 (Q2) sensor readings.

6. If the user clicks on the Start Plot button a

graph box will appear and will graph the
temperature. An example is shown below.

ol x

a8 ..... ..... ..... ..... ..... ..... ..... ..... .....

26

24

R p——

20 ..... ..... ..... ..... ..... ..... ..... ..... .....

IS DR T I T T O
2 4 E a 10 12 14 16 1l8 20 22 24 2% 28 30

— Turp0=255 m— Tunpl=21.5 — Tunpd=21.0

7. If the user clicks on the Start Log button a
screen will appear that looks like this:

Laok e [ 32 r = m e E-

File harne: j Open I
Files of type [Log files [t lag) =l Cancel Il
%)

The user may then select whatever directory
and file name of their choice and click on
“Open”. Data will be stored in the file for each
date/time and temperature.

© Copyright 2004 National Semiconductor Corporation 7 www.national.com



2.3 LM40 Quick Start
4. Click on the 05-09 Register Tab.

1. Run the SensorEval software by clicking the The Screen should look like this:

icon on the desktop. SETET
File Device Help

2. The first screen will look like this: Feg il T | T | Ruad | [ Road  viio | 7 VikeOnChange
Device#i[1 = Plat Log Regs Cont Feas | v Read after wiite
o004 0509 |oa0] 11 | 1220]

F LM40 EI s [t [Fregister Bit Field Fiegister Bits [oick)  Hex | Bit Fisld Valie
05 B'w | Device Func2 Enable Eﬁl HEEE la_n Enabled -

Selectthe desired hardware Rw | Device Furc Enatle EE: IEER Ered g

R | Device Low Power Enable

Disabled >
Dizabled i
Disabled =

{+ Lk40 Evaluation Board

Fw | Device Shutdown Enable

R

Device Reset Enable

" LM40 Mo Hardware

08|R | Temp & Ext Sensors EEEH Lo lﬁ 2 hd
R | Temp Int Sensor IIII III 1 lm
02|R | Temp Readout Rea Size 0 Eﬂ EE [45] | [ bits -
R Temp Sign I 1 II IIII lm
R | Temp # Bits | | EIGhEY | | | 10 bits -
.‘ﬁ-nDFhE[ R | Temp Resolution .I.l ID a1 050egC -
Device | 03[R [Temp0Value MsE FCIECIREEEN =l s
03[R | Temp0 Value LSB o EE DEEE =0
Select the LM40 Evaluation Board. R Tempsensor# T || -
Click OK.
3. The next screen will look like this:
EET . ;
He Devie Hep For Register 05 select Enable for “Device
Reg File: Slart Slart Read Read /i | I WiteOnChange " “ i ?
e i | s | el e s Func2 Enable” and “Device Funcl Enable”.

{009%)| 0508 0a10] 11 | 1220]

5. Click on the 09-10 Register Tab.

fadr | &t | Register Bit Field Register Bits [click] Bit Field Yalue
00 |Bevice Number BEEEE- - - 1 The screen should look like this:
G| [Wedememmwss 5o ilon o Sk
File Device Help
01|R | Manufacturer D LSE oooof1o1)1 X
. Reg File: Start Start Read | Read  ‘wile | ¥ WiteOnChange
02[R | RevisionID ojooolo Eﬂﬁ Device 4 m Plot Log Regs Cont Feds | [V Read After Wiite

R |Device D MSE

(|| GRS

0004 | 0503 {0HTEY 11 | 1220]

Hex
o
o
@
™
=
H
I

2[R |Devie=ID LB ololiolooio fac [ ane | Register Bit Field Register Bits [click]  Hex | Bit Field Value
03|R | Capbilties Funcz o0 -0 DEER Foee = D3R | Templ Value M5B ojojojofitloo[t [ os[f]135|Deat
F | Capabilties Func1 .Ill o001 W O3[R [ Templ Vale L5B 1)1 EE EEE la
23[R [ Devios Bus Ever "EEREEER  a R [Teme1 Sensor & || G | ] -
L e [ T
R | Device Eror Funcl B LO|EES
R |Device Status Func (TTTITH] | L * - ) BN =
F | Device Status Funcl .Ill Ill 1 lm R | Temp Sensor & .Ill 10 .I 2 =
R | Temp2 Eror Flag .I.l Ilu I -
04| Fw | Temp Senser 2 Enable OEEE :BBE [« |[entes =]

R | Temp Sensar 1 Enable

([T H | Enabled -

Enabled 2

Rw | Temp Sensar 0 Enable

R | Temp Attention Enable .I.l IllD Dizabled -
Select “Read Cont” box to read the temperature 10{R [ Voltage # Sensors cio DEEE FE =
COnt] nu0u5|y R |Voltage Readout Reg Size IIII a III 1E bits &

R |Voltage # Bits .Ill II:I a1 9 hits -

Notice that there are four tabs for the registers
“00 through 04", “05 through 09", and “09
through 107, “11”, and “12-20". The first screen
(above) displays the registers 00hex through

04hex.

© Copyright 2004 National Semiconductor Corporation 8
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(0,1,2) Enable. The temperature readings for
TempO (Local) Temp 1 (Q2) and Temp2 (Q1)
will be displayed in Register 09 screens.
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6. For Voltage Monitoring input functions
select the “12-20" Register Tab. The
screen should look like this:

File Device Help

=10l

8. If the user clicks on the Start Plot button

a graph box will appear and will graph
the temperature. A temperature
example is shown below.

FeaFik: Start Start Read | v Read itz | ¥ Wiite OnChange

Device#[1 | _Plet Log Regs Cont _Fece | 7 Road After wiite
0004 | 05.09| 0310 11

fudr | &sttr | Register Bit Field Register Bits [click) Hex | Bit Field Value

12| Rw | Voltage Sensor 4 Enable

R |Yolkage Sensor 3 Enable
RwW | Voltage Sensar 2 Enable
12| Bw | Woltage Senzor 1 Enable
R'w | Yolkage Sensar 0 Enable
R | Volkage Attention Enable

R |Low Rate Function

EE0E -8

(G ]
...1 1[1]1]1

20| R\ | Conversion Rate

BEEREE: o (@

182 ms h2

In Register 12, Enable Voltage Sensor (0-

4).

7. Click on the Register 11 tab. The
screen should look like this:

!;'JLIVHIJ Evaluation Board =10 =]
File Device Help
Fieg File: Shart Sart Read | [ Read | wiite [ “wite On Change
Deviceﬂm Plat Log Regs Cant Fegs | ¥ Read After wite
0004 | 05.09| 0910 | 1220]
fudr | &sttr | Register Bit Field Register Bits [click) Hex | Bit Field Value
11|R  [vokagen value M5B oj1oltfooto [&=2 [ 11w
11|R  |Wolagel Yalue LSE il EEE EEEE W

R |VolageD Sensor #

||| BN | |

D—

11|R | Wolkagel Walue MSE
Waltagel Yalue LSB

R |Volkagel Sensor #

GG BERER =

e EEEE o
||| | |

114

1 -

Woltage2 Yalue MSB
Woltage2 Walue LSB

R [|VoltageZ Sensor #

FIGIEAEY EAEREIED ﬁ

' DEE aREa =
||| | |

33|

L &

Waltage3 Yalue MSB
Woltage3 Walue LSE

R |“olkage3 Sensor #

of1]1[1fa|1]1[o]7E]
* HEE BEEE
| || e | |

33

E—

Voltaged Walue MSB

Woltaged Walue LSB

R |“olkaged Sensor #

LY EERERIERGIEN N

' BEE EEeg [~
|| | B |

33

C—

Bl e e e e e e e

2412

S 100 S N S

=100 x|

2 4 B & 10 12 14 16 18 20

— Tamp=25.5 —

Tanpl=215

2 M 2% 28 30

Terpd=21.0

A Voltage Input Monitoring plot

4

is shown below.

=10l x|

Wold=1.1
Wolt3=3.3

Woltl=1.1
Woltd=3.3

2 24 2% 248 30

Woltd=3.3

9. If the user clicks on the

Start Log button

a screen will appear that looks like this:

Open Log File

Loskire [ im0

[ I = s =

2=

File name:

j Open I

Files of type: ILug files [=.kat:" log)

j Cancel

%

The voltages that are present at the voltage
inputs of the LM40 will be displayed in
Register 11.

© Copyright 2004 National Semiconductor Corporation
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The user may then select whatever directory
and file name of their choice and click on
“Open”. Data will be stored in the file for each
date/time and temperature.
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2.4 LM41 Quick Start

1. Run the SensorEval software by clicking the
icon on the desktop.

2. The first screen will look like this:

x

Selectthe desired hardware

{* Lk41 Evaluation Board

 LM41 Mo Hardware

Anather
Device

Select the LM41 Evaluation Board.

Click OK.
3. The next screen will look like this:
=01

File Device Help
¥ Wiite On Change

Read Write
F Cor [¥ Fiead diter iite

Reg File: Start Start Fiead
Fegs

Device#|1 = Plat Log Regs
0004 | o508 | 0311|1142 20 |

Fadr | At | Reqister Bit Field
00 R | Device Mumber

Register Bits [click] Hex | Bit FieldYalue

mEEEE |

ojojotjaoool i

01| R |Manufacturer ID M5B

071|R | Manufacturer ID LSB o@oofijo1)1

oooo UEEE

&

o
L[] BEE

op|1ofo1on [z

[Z1]

o

02|R | Revision [0
R | Device ID MSE

02|R | Device D LSE

03|R | Capabilities Func? olof1/o ﬂﬁﬂ Yaltage -
R Capabilities Funcl .I.l Qoo Temperature il
04|R | Device Bus Emor o EEH HEEE &2

5 ||BsesEm s T’} [ =
R | Device Emor Funcl .I. o I..I l—;I
R | Device Status Func2 T H [racie =]
R |Device Staus Funct T E [ractive =]

Select “Read Cont” box to read the temperature
continuously.

Notice that there are four tabs for the registers
“00 through 04", “05 through 09", and “09
through 107, “11-12", and “20". The first screen
(above) displays the registers 00hex through
04hex.

© Copyright 2004 National Semiconductor Corporation 10

4. Click on the 05-09 Register Tab.
The Screen should look like this:
o]

File Device Help
¥ Wwiite On Change

Reg File: Start | Start | Read
¥ Read After Wite

Device#|1 = FPlat Log Regs
0004 o311 ] 1142 20 |

fadr | &t | Reqister Bit Field

05| R\ | Device Func2 Enable

Read rite:
¥ Cant Fegs

Register Bits [click] Hex | Bit FieldYalue

TR
TTH L -
Rw | Devics Low Power En=ble | I - B [Diabed =]
Rw | Dewvice Shutdown Enable [Dissbles =]
Disabled -
L T —
(L[ E Pt |
o ENEE BR[| [e e |

Fw | Device Funcl Enable

R | Device Reset Enable

08|R | Temp & Ext Sensors
R Temp Int Sensor

08|R | Temp Readout Reqg Size

R Temp Sign . 1 .l I..I Signed &
R | Temp # Bits | [ | | | 110 its -
R | Temp Resolution .I.l IEI o1 N50eglC hd

09| R Templ Value MSE

oojonl1toa foc 24.5| Degl
O WEEE [
(| 1§ [

09|R | TempD Value LSB

R | TempD Sensor #

E—

For Register 05 select Enable for “Device
Func2 Enable” and “Device Funcl Enable”.

5. Click on the 09-11 Register Tab.
The screen should look like this:
I =

File Device Help

P File: Start Start Read | = fAead Wil [ wite On Change
Device #|1  x Plat Log Regs Cont Heds | v Read Atter Wiite
o004 0503 0311 | 1142 20 |

fadr | &t | Register Bit Field
09|R | Templ Value MSB

Register Bits [click] Hex | Bit Field Value

FEECREEEN E I s
o o el R o
ANERN-EN
Immi

03| R Templ Value LSB
R | Templ Sensor #

R | Temp1 Error Flag

041 B | Temp Sensor 1 Enable

BERRE:BE [ [[eraber =]
ENENEN: D [Eroed =]
[ ] E S
B G
R |Voltage Readout Reg Size IIII o III m
R |Valtage # Bits .I.l ID o1 lﬁ
ojooojoooo Joo | [ oow

° eI EEEE o
.I.D 0 EI.I m
oojoaloooa fo | oo

" e QEEg [
[T

R | Temp Sensar 0 Enable

R | Temp Attention Enable

101R | Volage # Senzors

11|R | VolageD Value M5B
11|R | VoltageOValue LSB

R |VolageD Sensor #

11|R | Volagel Value MSE

11|R | Voltagel Value LSE

R |Voltagel Sensor #

E—

Select Enable for Register OA Temp Sensor
(0,1) Enable. The temperature readings for
TempO (Local) and Temp1l (Q2) will be
displayed in Register 09 screens.

www.national.com



6. For Voltage Monitoring input functions
select the “11-12" Register Tab. The screen
should look like this:

File Device Help

=lolx|

Feg File: v Witz On Change

8. If the user clicks on the Start Plot button a
graph box will appear and will graph the
temperature. A temperature example is
shown below.

Start Start Read | [ Resd | Wiz
Device i1 x| _Fiet Log Fegs Cont _Fece | 7 ReadAfter wite
o004 o508 0311 12|z |
Jac [ tr [ Riegister Bit Field Register Bils [cick] __ Hex | Bit Field Value
11[R  [Voakage2 Value MSE AEEEBERE e
1R [Vokage2 Value LSB . CIEE BEEE [=
R |VoltageZ Sensor # ...D 1 DI. lﬁ
11|R | Vakaged Walue M5B CIEEEY EIEREEY 2 e
11|R | Vakage3 Value LSB  HEE BEEE =
R |Voltage3 Sensor # | | [EHESEN | | E |
11[R [ Vvakaged alue bsE CICIEERCIECTE 2l et
11|R | Vaktaged Value LSE  DEE BEEE =
A |vokaged Sencar it [ || ERGIE | | [« =l
12| At [Volage Sersor 4 Enable | EIGIEIE B BB 07 [[erabes =]
P | Voltage Sensor 3 Enable [ TTTTTH] [Enatled =]
Fiwf [vohage Sersor 2Enatle | [N I - [Enabled =]
12| R\ | Voltage Sensor 1 Enable 1 IE lm
Fiw |Vahage Sensaronatle | [+ [ I [Enabled =]
Fiw |Vokage Attention Enable | I I NI ferabled )
R |Low Riate Function | | BEREE |

In Register 12, Enable Voltage Sensor (0-4)
Enable and Voltage Attention Enable.

7. Click on the Register 11 tab. The screen
should look like this:

r' LM40 Evaluation Board

File Device Help

=lolx|

RegFile:

Device # |1 7

o004 | 0508 ] o310 {1177 1220]

[ white On Change
[¥ Read After Write

Start
Flat

Start
Log

it
FHegs

Read Fead
Regs | 4 Cont

=181
B ot ottt et
. : : : : :
24—’. > aat
N— — : —
PV B
187
2 4 B 8 10 12 14 16 18 20 22 24 2% 28 30
m— Tamp(=23.5 — Tarpl=21.5 — Tarpl=21100

A Voltage Input Monitoring plot is shown below.

L=

4

)

2

j!

U :

2 4 ] 8 10 12 14 18 18 20 22 24 2% 28 30

Wolt=1.1 Woltl=1.1 Woltd=33
Woh3=33 Wold=33

e | attr | Register Bit Field Fiegister Bits [click]  Hex | Bit Field Value
11[R  [vokagen value MSE oltotjoojol [e2 ([ 11w
11|R  |VokageD Walue LSE - EEE BEEE v

R |Voltagel Sensor # ...D oo I. m
1R |Vakagel Walue MSE FIGIENG] FIGIENEY (e
11|R  |Vakags! Walue LSE - HEE BEEE o

B |Vokage! Sensor# | | [EHGIEY | | ﬁ
11|R |Vokags2 Walue MSE EERE BRRE (CE | s
(R [Vokage? Value LSB DEE BEEE =

R |Vokage2 Sensor # | | ENENE | | [— =l
11[R  [Vokags3 Yalue MSE CIESERERERERFICIN 3! N e
11|R  |Vokage3 Value LSE  DEE BEEE =

R |Voktage3 Sensor # | | ENESEY | | |
(R [Vokaged Value MSE [LIEIERERGIERGIVEN E N EE
11|R | Vakaged Walue LSE CEE QEEE -

R |Vokaged Sensor# [ | | ENGIE] | | lﬁ

The voltages that are present at the voltage
inputs of the LM41 will be displayed in Register
11.

© Copyright 2004 National Semiconductor Corporation 11

9. If the user clicks on the Start Log button a
screen will appear that looks like this:
Loskire [ im0 B

2=

+ @ 5 B3~

File name:

| Dpen I
ILug files [* k" log) j Cancel

%

Files of type:

The user may then select whatever directory
and file name of their choice and click on
“Open”. Data will be stored in the file for each
date/time and temperature.

www.national.com




3.0 Functional Description

The LM32/LM40/LM41 Evaluation Board, along
with the SensorEval Software, provides the
system designer with a convenient way to learn
about the operation of the LM32, LM40, or
LM41 Temperature Sensor chip. 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.

3.1 Evaluation Board Connection Tables

3.1.1 LM32 Evaluation Board Connections Only

Power to the LM32/LM40/LM41 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 LM32, LM40, LM41, the on-board
microcontroller, and the EEPROM chip where
the board ID information is stored.

The microcontroller on the board provides the
single wire signal (SWD), provides the Address
(ADD) select signal, and relays the information
from the LM32, LM40, or LM41 to the PC via
the USB lines.

Connector Label Pin Description
Number
USB Cable Input. Connect the USB cable to this jack
J1 N/A after the SensorEval software has been loaded on the
PC.
J2 1,2 NC
Output header 3,4 GND
provides user with 56 3.3_SBY This is the +3.3V voltage supplied by the on-
signals for test ' board voltage regulator.
purposes only. 78 SWD This is the Single wire interface signal created
Do not apply any ' by the on-board microcontroller.
external power or 910 ADD This is the address select signal created by the
signals to any of the ' on-board microcontroller.
pins on these 11,12 NC
headers! 13,14 NC
J3 1,2 NC
Output header 3,4 NC
provides user with 5,6 NC
signals for test 28 D2+ This is the anode of the second remote diode
purposes only. ' input.
Do not apply any D2- This is the cathode of the second remote diode
external power or 9,10 input.
signals to any of the 11,12 | D1+ This is the anode of the first remote diode input.
pins on these - . : .
headers! 13,14 D1- This is the cathode of the first remote diode input.
These Headers are not used for evaluation board
J4, J5
purposes. They are not stuffed or used.

© Copyright 2004 National Semiconductor Corporation

12

www.national.com



3.1.2 LM40 Evaluation Board Connections Only

Connector Pin Description
Label Number
USB Cable Input. Connect the USB cable to this jack
J1 N/A after the SensorEval software has been loaded on the
PC.
1,2 NC On the evaluation board this is jumpered to ground.
3,4 GND On the evaluation board this is jumpered to ground.
J2 56 3.3_SBY This is the +3.3V voltage supplied by the on-
Output header ' board voltage regulator.
provides user with 78 SWD This is the Single wire interface signal created by
signals for test ' the on-board microcontroller.
purposes only. 910 ADD This is the address select signal created by the on-
Do not apply any ’ board microcontroller.
external power or VCCP_IN This is the +1.2V voltage monitoring input to
Slgnals to any of 11,12 the LM40. On the evaluation board this input is jumpered
the pins on these to a +1.1V (typical) source.
headers! +2.5VIN This is the +2.5V voltage monitoring input to the
13,14 LM40. On the evaluation board this input is jumpered to a
+1.1V (typical) source.
1,2 NC On the evaluation board this is jumpered to ground.
+12VIN This is the +12V voltage monitoring input to the
3,4 LM40. On the evaluation board this is jumpered to +3.3V
for test purposes.

13 +5VIN This is the +5V voltage monitoring input to the
Outout header 5,6 LM40. On the evaluation board this is jumpered to +3.3V
rovidpes user with for test purposes.

pro D2+ This is the anode of the second remote diode input to
signals for test :
7,8 the LM40. A jumper connects to the base-collector
purposes only. )
(anode) of Q1, a MMBT3904 transistor.
Do not apply any — - -
D2- This is the cathode of the second remote diode input
external power or ) )
; 9,10 to the LM40. A jumper connects to the emitter (cathode)
signals to any of .
- of Q1, a MMBT3904 transistor.
the pins on these — - -
headers! D1+ This is the anode of the second remote diode input to
11,12 the LM40. A jumper connects to the base-collector
(anode) of Q2, a MMBT3904 transistor.
D1- This is the cathode of the second remote diode input
13,14 to the LM40. A jumper connects to the emitter (cathode)
of Q1, a MMBT3904 transistor.
34 35 These Headers are not used for evaluation board

purposes. They are not stuffed or used.

© Copyright 2004 National Semiconductor Corporation 13
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3.1.3 LM41 Evaluation Board Connections Only

Connector Pin Description
Label Number
USB Cable Input. Connect the USB cable to this jack
J1 N/A after the SensorEval software has been loaded on the
PC.
1,2 NC On the evaluation board this is jumpered to ground.
3,4 GND On the evaluation board this is jumpered to ground.
J2 56 3.3_SBY This is the +3.3V voltage supplied by the on-
Output header ' board voltage regulator.
provides user with 78 SWD This is the Single wire interface signal created by
signals for test ' the on-board microcontroller.
purposes only. 910 ADD This is the address select signal created by the on-
Do not apply any ' board microcontroller.
external power or VCCP_IN This is the +1.2V voltage monitoring input to
signals to any of 11,12 | the LM41. On the evaluation board this input is jumpered
the pins on these to a +1.1V (typical) source.
headers! +2.5VIN This is the +2.5V voltage monitoring input to the

13,14 LM41. On the evaluation board this input is jumpered to a
+1.1V (typical) source.

1,2 NC On the evaluation board this is jumpered to ground.

3,4 NC On the evaluation board this is jumpered to +3.3V.
13 +12VIN This is the +12V voltage monitoring input to the

5,6 LM41. On the evaluation board this is jumpered to +3.3V

Output header
provides user with
signals for test

for test purposes.
+5VIN This is the +5V voltage monitoring input to the

7.8 LM41. On the evaluation board this input is jumpered to
purposes only. +3.3V. Note: J6 must also have a jumper installed
Do not apply any 910 NG

external power or
signals to any of
the pins on these

D1+ This is the anode of the second remote diode input to
11,12 the LM41. A jumper connects to the base-collector
(anode) of Q2, a MMBT3904 transistor.

headers! — - -
D1- This is the cathode of the second remote diode input
13,14 to the LM41. A jumper connects to the emitter (cathode)
of Q1, a MMBT3904 transistor.
These Headers are not used for evaluation board
J4, J5

purposes. They are not stuffed or used.

6 192 Jumper these pins so that the +3.3V can be connected to

the +5VIN input to the LM41.

© Copyright 2004 National Semiconductor Corporation 14 www.national.com



4.0 Software Installation and
Operation

4.1 Installation

The CD provided in the LM32/LM40/LM41 Evaluation
Board Kit contains the SensorEval software used to
make the LM32, LM40, LM41 Evaluation Board operate
with the user’s PC. It is assumed that the user will be
using a PC with a Pentium® Il or higher processor and
Microsoft Windows® XP/2000/98/ME operating system.

The software is installed as follows:

1. Insert the LM32/LM40/LM41 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. Follow all of the Installation instructions in the
windows as the SensorEval software is
installing.

4. 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 2004 National Semiconductor Corporation 15

4.2 Operation

Follow the following procedure for operation the
LM32/LM40/LM41 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. Plugin the USB cable on both the PC and the
LM32/LM40/LM41 Evaluation Board.

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

Temperature and voltage monitoring can easily be done
using external thermal diodes and/or external voltages
applied to the pins that are jumpered on J2 and J3.
Refer to the schematic, layout and electrical connection
tables to be sure about the connections the user will
make.

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. This +5.0 VDC voltage is regulated down to +3.3

VDC for board power.

*NO EXTERNAL POWER SUPPLY INPUTS ARE REQUIRED
*

+5.0+£0.1V,
100 mA max.

5.2 Electrical Schematic

Use 2 0.1 oF capacitor for each
VL pin of UZ and Reserved 5
1

7 1 L _L

2 o3 L= 1= O
ol [ R17g Sl Sl 2 Aul

:

e

Gy

[
LFZSsIC OT-3 MToT

" . - -
Hw oot

= L |
w o]

%.p;,

ot
]

13:F

T

T
I —
[

R}

bowr c':IJ_ <3533 ;J; [ i

e $3993S NCEES z =

TEREEE Egp;-: * )

RESETE P oEhEtie POy
m 3 §o§ bER reseeerss ot
S aTe i | ysna ® d e
Rd 22 - I 3
o= [ A = usna ccli?ﬂﬁ—Lﬁ

Ty E! '—f:f\:‘:“ 18 uz P SNTON

EIIEI.I._I DISCONS
il , CYTCRAETI-SING  poonron |42 5
=
A2 oy gt xﬁ;; —ﬂ—iﬁ”
pormne AL
oy mims
i ) ' i monmens H-a
0L 2] E!—*g _ﬁ::ﬁﬁkhi o tmens s
BN g e
BEEEEEREE n.xs':T:
N

L)

B

 AIVEC

Page 1 of 2 Pages of the Schematic of the LM32/LM40/LM41 Evaluation Board
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5.2 Electrical Schematic (continued)

. . -Place pin lakeals on all 14pin headers.

Use a 0.1 uF capacitor for each 433 VD0 Use a 100 pF capacitor for each -Layout circuitry for socket far encugh apart so that it can be easily cut off. |
+3.3 ' pin of U4, and Li4S. - +3.3V pin 0f L4, and U43. Place 100 pF want two versions of the board one with both the socket and the part and one
with just the pads for the part.

-Place all 100pF capacitors as close fo pins of DUT/zocket as possibie,

-Make surs that traces fo transistors Q1-04 are in paralle! and uze 10 mil fracss.
-Place bypass capacitors for socket on the bottom side of the board as close as
possible to the socket pins.

closest fo the pin.

+3.3 VDG

+3.32 WDC  R1D

423 VDG £33 DC K+2.30DC
0 chms
+3.3.VDC
I8
R11 A1z |
+3.3 VDT 10k 0 ohrs Install Snor for Liad 1
52 LM3ZE04 1 CIMT &
| = us =
4 1 NG 1 Mc e L NC 4 2 HEADER 1x2
GNO{ - 12VINNC
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— 333 ey sAVIN U E e 2 | o
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'1.1\-'nc:réna' 14 13 +Z.51IN +2 5Vl o1 [ i o1 13 14 1
b ’ T —T Q2
RIS ~ HEADER 7X2 ~ HEADER 7X2 MMET3004/50T
5 1% -
[l c20
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+3.3 vpe JT
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4 14-Lead TSS0P Sockst 5
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© Copyright 2004 National Semiconductor Corporation 17 www.national.com



5.3 Evaluation Board Layout
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Figure 5.3 Layout diagram of the LM32/LM40/LM41 Evaluation Board
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5.4 Bill of Materials for LM32/LM40/LM41 Evaluation Board

ltem | Quantity Reference Part
1 12 C1, C2, C3, C4, C5,C6, C10, C12, | Capacitor, ceramic, SMT, 0.1 uF
C13, C14, C15, C16
2 2 C7,C8 Capacitor, ceramic, SMT, 33 pF
3 1 C9 Capacitor, electrolytic, SMT, 2.2 uF
4 1 Cl1 Capacitor, electrolytic, SMT, 10 uF
5 3 C17,C18, C19, C21 Capacitor, ceramic, SMT, 100 pF
2 C20, C22 Capacitor, ceramic, SMT, 100 pF [Do Not Stuff for LM41]
1 J1 Connector, USB-B
2 J2,J3 Header, 7X2, 0.1 in centers
2 J4, J5 Header, 7X2, 0.1 in centers [Do Not Stuff]
1 J6 Header, 1X2, 0.1 in centers
1 J7 Header, 1X2, 0.1 in centers [Do Not Stuff]
15 Shunt Shunt, 1x2 installed on the pins of J2 and J3, and [for LM41
Evaluation Board only] on J6
1 L1 Filter, 1 uH, Stewart MI1206K900R-00
1 Q2 Transistor, NPN, MMBT3904, SMT
3 Q1, Q3, Q4 Transistor, NPN, MMBT3904, SMT [Do Not Stuff]
1 R1 Resistor, SMT, 100 k, 0805
2 R2, R6 Resistor, SMT, 1M, 0805
2 R3, R4 Resistor, SMT, 22 Ohm, 0805
4 R5, R7, R8, R9 Resistor, SMT, 1.5 k, 0805
1 R10, R12 Resistor, SMT, 0 Ohm, 0805
1 R17 Resistor, SMT, 0 Ohm, 0805 [Do Not Stuff]
2 R11, R14 Resistor, SMT, 10k, 0805
2 R15, R20 Resistor, SMT, 5k, 0805
2 R16, R19 Resistor, SMT, 10k, 0805 [Do Not Stuff]
1 Ul IC, Voltage Regulator, National LP2950CDT-3.3
1 U2 IC, Microcontroller, Cypress CY7C64613-52NC
1 U3 IC, EEPROM, Atmel AT24C02-10SI-2.7
1 U4 LM32, LM40, or LM41CIMF Device Under Test (DUT)
1 U4(for socket) LM32, LM40, or LM41CIMF [Do Not Stuff] used with socket
1 U4s Socket, Loranger, 14-pin TSSOP-14 [Do Not Stuff]
1 Y1 Crystal, 12 MHz, Pletronics 251200G140
1 -- Circuit Board, Fabricated, LM32, LM40, LM41 Evaluation

Board, Rev. 1
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5.4 Mechanical Specifications

5.4.1 Operating Mechanical and Environmental Specifications

Minimum Typical Maximum

Temperature 0°C 25°C 70°C

5.4.2 Evaluation Board Mechanical Dimensions

\

wo g/ /Ul g0°e 4" — WO T/G°0/Ul GZ2'0

Wwd 68'8/Ul 0S°€

4.10 in/10.4 cm

0.225in/0.571 cm —» "7 3.65 in/9.27 cm ﬂ
Drill Thru ——,

#30 for 4-40 W

screw O O

clearance fit
(4 Places)

A

O O

5.4.3 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 LM32, LM40, LM41 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 2. A critical component is any component in a
or systems which, (a) are intended for life support device or system whose failure to
surgical implant into the body, or (b) perform can be reasonably expected to cause
support or sustain life, and whose failure to the failure of the life support device or system,
perform, when properly used in accordance or to affect its safety or effectiveness.

with instructions for use provided in the
labeling, can be reasonably expected to
result in a significant injury to the user.

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
ﬂ National Center Email: europe.support@nsc.com Support Center Tel: 81-3-5639-7560
v i . Tel:  1-800-272-9959 Deutsch Tel: +49 (0) 699508 6208 Fax: 81-3-5639-7507
;:f;:::si:::{f:fx‘:g:n Email: new.feedback@nsc.com English Tel: +49 (0) 870 24 0 2171 Email: Email:
o ) Frangais 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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