National Semiconductor

LM95231 Evaluation Board User’s Guide

. National Semiconductor
LM95231 Evaluation Board
Rev. 1 ~

n-]
et

L:_L
LM95231 &

uas

o=

._,‘

|
0
—
o

~

Revision A
August 18, 2005

© Copyright 2005 National Semiconductor Corporation 1

www.national.com

9pIiN9 S .I9SN pJeog uonenjeAnd TEZS6IN1



LM95231 Evaluation Board User’s Guide
Table of Contents

Table of Contents 2
References 3
1.0 Introduction 4
2.0 Quick Start S
3.0 Functional Description 7
4.0 Software Installation and Operation 8
5.0 Electrical and Mechanical Specifications 9
5.1 Electrical Specifications 9
5.2 Electrical Schematic 9
5.3 Evaluation Board Layout 10
5.4 Bill of Materials 11
5.5 Mechanical Specifications 11

© Copyright 2005 National Semiconductor Corporation 2 www.national.com



LM95231 Evaluation Board User’s Guide

References

1. “LM95231 TruTherm™ Precision Dual Remote Diode Temperature Sensor With
SMBus Interface” datasheet.
The latest copy of the LM95231 datasheet can be obtained by going to the National
Semiconductor website www.national.com, by searching on “LM95231”, and then downloading
the LM95231.pdf file.

2. SensorEval Version 1.0.6b or later, Evaluation Board CD containing:

a.

b.
C.
d.

The SensorEval.exe executable program used to run the LM95231 Evaluation
Board.

A softcopy of this User’s Guide

A readme.txt file with useful information about the program.

A softcopy of the SensorEval Software manual.
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1.0 Introduction

The LM95231 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 LM95231
Evaluation Board is provide by the +5 VDC line of
the USB connection. No external power supply or
signal sources are required for operation of the
LM95231 evaluation board.

Before connecting the PC to the LM95231
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 details.

After the SensorEval software is running, the user
can connect the USB cable first to the computer and
then to the LM95231 Evaluation Board.

The PC should be able to recognize the board and
the user simply selects the LM95231 Eval Board
radio button.

1.1Block Diagram

The block diagram below describes the LM95231
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 LM95231 Evaluation
Board.

The microcontroller on the board provides the serial
SMBus clock (SMBCLK), provides the SMBus data
(SMBDAT) signal, and relays the information from

the LM95231 to the PC via the USB lines.

The block in the lower right of the Block Diagram
shows the signals that are available to probe by the
user for either of the LM95231 devices on the board.

USB USB D+ s
Input USB D- R
SMBCLK .
Microcontroller EEPROM
Circuit
GND +5.0VDC Circuitry [ SM‘BDAT'
d Jono
Y +3.3VDC
Voltage >
Regulator
Circuit T i
Wﬁ - ' SMBCLK
p T | T 9Ug3 . 3 SMBDAT
LM95231 "
L | VDD
Do No Socket
1 + ( ) l GND oND
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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).

Hookup the USB cable between the PC or

notebook computer and the LM95231EVAL
board as shown in Quick Start Diagram below.

on the desktop. The first screen after the
installation will look like this:

Open Device

Lok i |13 device

Y B ancsosss
) [Hmsz
My Recent @LM‘?U
Documents —\Q]
= Lma1
9 [Hmea
[Emes
Desktop EEI]LM?I
=
[=fLmes
| Lmas
My Documents tien
. =] Lmgs-1
z
g
¥ A
My Computer  |=
]
.
by Network, File name:
Places
Files of type

= ras-1

[EEE
[EEE
= Lwosz21
SRS
=) Lmosonn

= -~ @mekE-

Run the SensorEval software clicking the icon

e

j Open

|Dev|ce (W]

~| Cancel

Select LM95231 and click on Open button.

4. The next screen (first screen after the first run of
the program) will look like this:

] LM95231 TruTherm(TM)

Selectthe desired hardware

o Lh35231 TruThem(T k] Evaluation Board

" LMI58231 TruThem[T k] ICH: |nterface

" LM95231 TruThern(Th) Mo Hardware

Another
Device

X

Select the LM95231 Evaluation Board.

Click OK.
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5.  The next screen will look like this:
[l Lm95231 Trulherm(TM) Evaluation Board

o&X

Flle Device Help

Fiea File: Start Stat | Read Fead b wiiite On Change

120 add [ ~] Flot Log | Regs Cont R Fead After Wite

06FF |

fudr | At | Register Bit Field Redqister Bits (click) Hex | Bit FieldYalue

10" |Local Temp MSE no01 1001 [73 | [ 2525 pegt

20|R  |Local Temp LSE o [ BEEE

11|R  |Remote Temp1 MSB 0001 1011 [18 |[ 2752125 DeaC

21|R  |Remote Tempt LB rtooo [EEE e

12(R  |Remote Temp2 MSE noo1 1010 [1a | [ 266250 peot

22|R  |Remate Temp2 LSB oo ofEE [

e[ (B 'EEREEEE - | o
R [RemotezTurremioce | I CHIEE [Disabed =]
R |Remate 1 TruTherm Mode ...I . 1 l Enabled -
R |Remate Diode 2 Missing ’m
R |Remote Disds 1 Missing [Pesent =]

03[R [FunttsTOR B-BE BEER |t | [osastionamode <]
Fiw | Canversion Rate | RN ||| | [Conruous mode — ~|
R | Remate 2 Data Format ...I . .l ’m
A | Remote 1 Data Format - [wrsined ]

Select “Read Cont” to read the temperature
continuously.

6. The Screen should look like this:

5 Lm95231 TruTherm(TM) Evaluation Board

=&

File Device Help

Fieg File: Stat Stat | Resd | Aead ¥ Wiits On Change

12 add [ ~] Plat Log | FRegs Cort W Fead After Wit

1003 | 06 F |

bt | e | Register Bit Field Register Bits [click]  Hex | Bit Field Value

10|R  [Local Temp 3B o001 1001 [ |50 pegt

20|R  [Local Temp LSE oo Qe GEEE o

11|R  [Remote Temp1 MsE ooo1 1011 [18 | [ 2781250 pegc

21|R  |Remote Templ LSE tio1 ofEd oo

12|R  |Remote Tempz MsB o001 1010 [7a | [ 266750 Degl

22|k |Remote TempZ LSEB o1 oEEE e

w7 (o DEOEEEE - | o
A |Remate2 TuThemMoc= | I CHIE [oiabed =]
R |Remote 1 TwThemttode | NI - W Enabled -
R |Remote Diods 2 Missing T[T M| [Present =]
R |RemoteDiedz 1issng | I IEE =

o3[ rw [RunsssToP BoBE BBEE o | [orestionaimade =]
Rw | Conversion Rate | | CEN | ]| | Colinuous mods
R/ | Rlemote 2 Diata Format T[T’ [rsioned =]
Fw! | Remate 1 Data Format .I.I I.D . [rsigned =]

Local (on-chip), remote 1 (Q1 and Q2), and
remote 2 (Q3), temperatures should read
continuously.
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7. If the user clicks the 06-FF tab the next screen
will look like this: By turning on or off the filters,
and/or changing the models, and/or changing the
TruTherm controls the user can experiment with

their effects on the temperature readings.
[¥LM95231 TruTherm(TM) Evaluation Board =]

File Dewice Help

Reg File: Start Start Read Read I Wiite On Change
12Cadd [0 | Plet Log | _Fegs Cont ¥ Riead After wiite
104 i

fadr | &t | Register Bit Field Register Bits [click] Hex | Bit Field Walue

06| R | Remote 2 Fiter Enable EEEE @Bl o | [Freran =]
R | Remate 1 Filter Enable IIII III 1 Filter on =2

30| R\ | Remate 2 Model Select EEEEE-Ea o | e <]
Fw' | Remate 1 Model Select .l.l ..l 1 ’W

07 [ R | Remate 2 TruThemn Cortrol | [0 0 0 EEIEIR [0 | [or =
Riw | Remote 1 TruT herm Control .... .D o1 On -

OF | | One Shot Trigger

00000000 | g

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

(3 Deg EEX

23

28

25

2 4 B 8 10 12 14 16 18 20 22 24 X 28 I

FE|IR | Manufacturer ID

oodo o001 (W

National Semiconductor

FF|R | Die Revision Code

10100001 [a1

m— L Tunp=25.50

ETanpl=27 £1250 ETanpl=26 71875
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2.1 Quick Start Diagram

Important! NO EXTERNAL POWER SUPPLY OR SIGNAL INPUTS ARE REQUIRED!

USB Cable
to
Computer

—

Computer
with
SensorEval
software
loaded

National Semiconductor O

LM95231 Evaluation

Board

Rev. 1
(11]

N ERCRERE)
J3 34
Be— - § o a1
o O|o
5 HE
Be—la BE @_q

LM95231

Socket Area not used for
Eval Board.
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3.0 Functional Description

The LM95231 Evaluation Board, along with the
SensorEval Software, provides the system designer
with a convenient way to learn about the operation of
the LM95231 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 the
temperatures. It’s that simple! The user doesn’t have
to provide any power or external signals to the
evaluation board.

Power to the LM95231 Evaluation Board is taken
from the USB 5-Volt line. This +5 VDC 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 LM95231, the
on-board microcontroller, and the EEPROM chip
where the board 1D information is stored.

The microcontroller provides the SMBus Clock
(SMBCLK) signal and the SMBus Data (SMBDAT)
signal to the LM95231 chip. This communication
between the LM95231 and the PC USB data lines is
controlled by the microcontroller. For all of the
details of this communication protocol see the latest
LM95231 datasheet, available at www.national.com.

3.1 LM95231 Evaluation Board Connection Table

Connector Label Pin Description
Number
n N/A USB Cable Input. Connect the USB cable to this jack after
the SensorEval software has been loaded on the PC.
2 1 SMBCLK. Clock signal for SMBus.
Output header provides
user with signals for test 2 SMBDAT. Data signal for the SMBus.
purposes only.
Do not apply any 3 GND. System ground.
_external power or Vpp. The +3.3 VDC voltage supplied by the on-board
signals to any of the 4 | | he LM95231 /- i in. D t
pins on these headers! voltage regulator to the oo input pin. Do no
connect an external power supply to this pin!
1,4,7,10 | Do not connect to these pins.
J3
Connection to 2,3 Connect for D1+ connection
temperature diodes
Do not apply any 5,6 Connect for D1- connection
external power or
signals to any of the 8,9 Connect for D2+ connection
pins on these headers!
11,12 Connect for D2- connection
J4 1,2 SMBCLK. Clock signal for SMBus.
Output header provides
user with signals for test 3,4 SMBDAT. Data signal for the SMBuUs.
D%urr]p(;?s:s ?ng’r’] Vpp. The +3.3 VDC voltage supplied by the on-board
external ngx)//er oyr 56 voltage regulator to the LM95231 Vpp input pin. Do not
signals to any of the connect an external power supply to this pin!
pins on these headers! 7.8 GND. System ground.

© Copyright 2005 National Semiconductor Corporation 8
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4.0 Software Installation and Operation

4.1 Installation

The CD provided in the LM95231 Evaluation Board Kit
contains the SensorEval software used to make the LM95231
Evaluation Board operate with the user’s PC. It is assumed
that the user will be using a PC with a Pentium® 111 or higher
processor and Microsoft Windows® XP/2000/98/ME
operating system.

The software is installed as follows:

1.

2.

Insert the SensorEval CD into the CD drive of the
PC. See details in the readme.txt file.

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

Follow all of the Installation instructions in the
windows as the SensorEval software is installing.
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 2005 National Semiconductor Corporation 9

4.2 Operation

Follow the following procedure for operation the LM95231
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, Program Files, National Semiconductor,
National SensorEval.

2. Plug in the USB cable on both the PC and the
LM95231 Evaluation Board.

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

Refer to the electrical schematic, layout and connector
diagrams for proper connections to external remote thermal
diodes.
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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,
This +5.0 VDC voltage is regulated down to +3.3 VDC for board power. |100 mA max.
* NO EXTERNAL POWER SUPPLY INPUTS ARE REQUIRED *

5.2 Electrical Schematic

-Place pin labels on all 4X3pin headers.

-Layout circuitry for socket far enough apart so that it can be easily cut off. |
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 to pins of DUT/socket as possible, except

Use a 100 pF capacitor for each
+3.3 V pin of U4, and U4S. Place 100 pF

Use a 0.1 uF capacitor for each )
closest to the pin.

+3.3 V pin of U4, and U4S.

vbD VDD_S for C23, C24, C25 and C26.
—,———L —,———l— -Make sure that traces to transistors Q1-Q4 are in parallel, approximately the
c15 c17 c16 cis8 same length and use 10 mil traces.
0.1uF 100 pF 0.1uF 100 pF -Place bypass capacitors for socket on the bottom side of the board as close a:
possible to the socket pins. R10
¥83VDC T A\ A~ —<C13.3vDC
0 ohms
+3.3_VDC
3A
MMBT3906/SOT I:
HEADER 4x3
c23 34
loopF J3C J3B S~
e D1 = SMBCLK =
3 2 + 8 2 1
MMBT3906/SQT 6 5 bL- D1+  SMBCLK [ SMBDAT4 3 §SMBCLK
9 B o D1-  SMBDAT [ SR = SMBDAT
12 11 5F- 4| D2+ VDD 5 GND 8 7
Coa D2- GND
Q3 — — CM95231CIM =
100pF HEADER 4x3  C27 C28 C19C20
HEADER 4x3 HEADER 4X2
MMBT3904/SOT ne e ] ] A\
100pF 100pF
These 1 nF capacitors are not used.
J5A
I: +3.3_VDC
QMMBT3906/SOT HEADER 4x3
9' N~
Lo e s THIS SOCKET AREA NOT USED.
lL0OpF
— u4as —
Q5 2 D1+ 1 8 SMBCLK 2 1
MMBT3906/SOT 5 b1 2 | Dl* SMBCLK [ SMBDAT 4 3 gSMBCLK
B 53 5 D1 SMBDAT (5 VDD 5 & 5 SMBDAT
b2 D2- VDD 75 GND___8 7
L 11 s S bo+ GND
100pF — CM9523ICIMM/BPIN MSOP SOCKET =
Q6 o7 C30
C26 HEADER 4x3 HEADER4x3 —— —— 22 HEADER 4X2
nF nF | [“hoopr N
100pF
MMBT3904/SOT c21

Page 1 of 2 Pages of the Schematic of the LM95231 Evaluation Board
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5.2 Electrical Schematic (continued)

Use a 0.1 uF capacitor for each

* 3‘-3|\—/DC Vee pin of U2 and Reserved_6
AP T 1T 1T 1L

Cl Cc2 C3 Ca C5 C6
0.1uF 0.1uF 0.1uF 0.1uF 0.1uF 0.1uF

&

c7
;g 33pF
+3.3VDC Y1
LP2950CDT-3.3/T0252 12 MHz
LN ut 2 c8
o 33pF
R2
GND 1 R1
— T~ pumm— 100k
c10 c11 c12 Y]
0.1uF 10uF 0.1uF
< |0 OO |y ol ~
N C13 M
0.1uF
- <
UsBB B | pesers © Y YeskE PB7T2GUT {S8—X
VBUS R3 22 oo 2o PB6/INT6 [3,—X
2 24 2 9 PBS5/INT5# [—33—X
D- USBD- r o PB4/INT4 X
3 Ra 22 25 CTL2/AOUTFLAG <%<
D+ USBD+ CTLO/AINFLAG [——X
GND | ‘5‘ RS 15K 18 u2 PC2/INTO# 22X
SHELL_1 1§ DISCON#
SHELL_2 |
— CY7C64613-52NC PC3/INT1# L(
+33VDC
R 4
13‘ 12 PC4/TO <%<
U3 X—={ cLkout PC5/TL 55X
105 PCO/WR# a7—X
AT24C02-10SI-2.7 faditival SNy
L1 no vee 12 DI PAUFWRY H9—X
2 7 ’ ’ ’ ;‘2'2';'2' PAS/FRD# =X
Al wp #* Wogwow
3 6 scL 2 g @ 2>>>>> PCORXDO ‘%
A2 scL SCL Do amewolySdmmag PCUTXDO F—X
4 5 sbA_ 3 £6522282233500994
Vss SDA SDA 2J000000XXEXXEXX
SMBus Connection N[N | <[ o| =) <
—
| 1 SMBCLK
2 SMBDAT
GND
[4 +33v
A4 = v
HEADER 4
+33VDC L smBCLK
L—< sMBDAT

Page 2 of 2 Pages of the Schematic of the LM95231 Evaluation Board
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5.3 Evaluation Board Layout

—

A Natlonal Semiconducior .

LEFS3E] Ewvwalualion Board

Figure 5.3 Layout diagram of the LM95231 Evaluation Board
(Note: socket and socket area not stuffed.)

© Copyright 2005 National Semiconductor Corporation 12 www.national.com



5.4 Bill of Materials for LM95231 Evaluation Board

Iltem Qty Reference
1 12 C1,C2,C3,C4,C5,C6,C10,
C12,C13,C14,C15
2 2 C7,C8
3 1 C9
4 1 Ci11
5 2 C17,C18
6 4 C19,C20,C23,C24,
7 1 J1
8 1 J2
9 1 J3
10 1 Ja
11 1 L1
12 2 Q1,Q2
13 1 Q3
14 1 R1
15 2 R6,R2
16 2 R4,R3
17 3 R5,R7,R8
18 1 R10
19 1 Ul
20 1 U2
21 1 U3
22 1 U4
22 1 Y1

DO NOT STUFF

Part
Capacitor, SMD, ceramic, 0.1uF

Capacitor, SMD, ceramic, 33 pF
Capacitor, SMD, ceramic, 2.2 uF
Capacitor, SMD, ceramic, 10 uF
Capacitor, SMD, ceramic, 100 pF
Capacitor, SMD, ceramic, 100 pF
Connector, USB-B
HEADER 4x1
HEADER 4x3
HEADER 4X2
Filter, 1uH, Stewart MI1206K900R-00
Transistor, SMD, MMBT3906/SOT
Transistor, SMD, MMBT3904/SOT
Resistor, SMD, 100k
Resistor, SMD, 1M
Resistor, SMD, 22 Ohms
Resistor, SMD, 1.5K
Resistor, SMD, 0 Ohms
IC, National LP2950CDT-3.3/TO252
IC, Cypress CY7C64613-52NC
IC, EPROM, Atmel AT24C02-10SI-2.7
LM95231CIMM
Crystal, 12 MHz, Pletronics
251200G140

C21, C22, C25, C26, C27, C28, C29, C30, J5, J6, Q4, Q5, Q6, C16, C18

© Copyright 2005 National Semiconductor Corporation
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PCB Footprint
sm/c_0805

sm/c_0805
sm/ct_3216 12
sm/ct_3216_12
sm/c_0805
sm/c_0805
tm/usb_typeb
blkcon.100/vh/tm1sqs/w.100/4
blkcon.100/vh/tm3/w.300/12/std
blkcon.100/vh/tm2oe/w.200/8/std
sm/l_1206
sm/mmbt3906a
sm/mmbt3904a
sm/r_0805
sm/r_0805
sm/r_0805
sm/r_0805
sm/r_0805
to252ab/dpak
sm/PQFP-52
50g.050/8/wg.244/1.200
sm/msop-8
tm/hc-49
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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 Basic Dimensions

l«—— 2.50in/6.35¢cm —»

3.10in/7.87 cm

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.

© Copyright 2005 National Semiconductor Corporation 14 www.national.com



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 LM95231 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.

© Copyright 2005 National Semiconductor Corporation 15 www.national.com




