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LM95235 Evaluation Board User’s Guide

References

1. “LM95235 Precision Remote Diode Temperature Sensor With SMBus Interface and
TruTherm™ Technology” datasheet.
The latest copy of the LM95235 datasheet can be obtained by going to the National
Semiconductor website www.national.com, by searching on “LM95235”, and then downloading
the LM95235.pdf file.

2. SensorEval Version 1.1.0a or later, Evaluation Board CD containing:

a.

b.
C.
d.

The SensorEval.exe executable program used to run the LM95235 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 LM95235 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 LM95235
Evaluation Board is provided by the +5 VDC line of
the USB connection. No external power supply or
signal sources are required for operation of the
LM95235 evaluation board.

Before connecting the PC to the LM95235
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 LM95235 Evaluation Board.

The PC should be able to recognize the board and
the user simply selects the LM95235 Eval Board
radio button.

1.1Block Diagram

The block diagram below describes the LM95235
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 LM95235 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 LM95235 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 the LM95235 device on the board.

USB D+
USsB >
Input USBD- |
SMBCLK
Vi i EEPROM
icrocontroller iroui
SMBDAT Circuit
GND +5.0VDC Circuitry < Y >
‘ l GND
\ +3.3VDC
Voltage >
Regulator
Circuit _l
l » 0| VDD
_ 2 » 0| SMBCLK
k, OO u2 < A » 0| SMBDAT
oo—T LM95235 :
:I = » O | T_Crit
» O | OS/AD
GND
l o| GND
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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 LM95235EVAL
board as shown in Quick Start Diagram (See
Section 2.1).

3. Run the SensorEval software clicking the icon
on the desktop. The first screen after the
installation will look like this:

Ie) LM95235 X
Select the desired hardware

f+ LM95235 Evaluation Board

" LMI5235 ICH= Interface

" LM95235 Mo Hardware

oK .-'-‘-.nnt_her
Device

If not, select “Another Device”. The next screen
should look like this:

Open Device @
Lookin: [ 55 device ~| cF B
Y =
o = L3z ==
MypRecert  [=Lmaa [EREE
Documents i), =
@ EnE B Lmes2at
E= = Leszas
Desktop )y =] Lmms000
= Lhara
LmMas
;
b Docurtetis ng
) g LMEg-1
k: e
3 | LMoz
My Camputer
| Lman
)
My Network — File name: [Casz=s) =l Open
Flaces
Files of type: ‘Dawce i1 ﬂ Cancel

Select LM95235 and click on Open button.

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

© Copyright 2006 National Semiconductor Corporation 5

lim9s235

Select the desired hardware
f» Lh95235 Evaluation Board
" LM95235 ICHx Interface

" LM95235 Mo Hardware

Anather
Device

X

5.  The next screen will look like this:

Select the LM95235 Evaluation Board.
Click OK.

[¥JL#95235 Evaluation Board EE&E

Ele Device Help

Freg File: ﬂ ﬂ {Headi| Read Cont J W *wiite On Change

I2C dar [4T =] Plat Leg | [Ressd [orF ] ¥ Read After wiite

03:20) 197 |

udr | Atr Register Bit Field Register Bits [click) Hex | Bit Field Yalue

il I} LT emp MSB:word 0001 1000 [18 | [ 24250 Degt

0|R LT emp LSB:ward o1 o BEEE

ol R RTemp MER signed: word ooo01 1000 [5 | [2457500 Degc

10|R RTemp LSB signed:ward oo o JEE [0

IR RTemp M5B unsighed: word 0Do0O0l 1000 m ’m DeqC

2|R RTemp L5E unsignedword | 01 1 0 DHHH E

BF[RAw [Remote Fiter Enable EEEEE B [7F |[ereed <]
A | TwThemiTH) Mode Select | I = I [90nm TrThemOn |
RAwW | TCRIT Diode Fault Mask III 1 IIII [Mask T_CRIT Diode Fa._v |
Firw | 05 Diode Faul Mask [Enable 05 Diode Faul_+]
R | 0S/40Pin 6 Contiol [Fine=20 ]

1 [Rew | RemateDffset MSE-ward 00000000 [op |[ 0.000 Degz <] | *

12|Raw | RemoteDtfset LSB:word 0o uﬂ ﬁﬁﬁﬁ [oo

Make sure that “4C” is selected in the upper left
box labeled “12C Addr”. Select “All Regs” in the
“Read Cont” box to read all of the registers,
including the temperature registers continuously.
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6. The Screen should look like this: [&]LM95235 Evaluation Board E|E|@

Elle Device Help
" — i Rieg File: Start Start Bead | Fead Cont Iw wiite On Change
[ LM95235 Evaluation Board E|E|@ |2Cadd [4C = Flot Log Regs | [alReqs ~ W Fiead after wiite
Ele Device Hel
£ Bk i 0012 [EEEY 19+F |
Fieg Fil 2| (G| [ Fiead Cont H e O B L[t | Register Bt Ficld Fiegister Bits (cick)  Hex | Bit Field Value
120 el (40 = o oa o | [P W Fiead After Wit
i 03{RAY | Software Standby Huﬁﬁ ﬁﬁﬁﬁ [0 | [active/Convering =
0320 19FF | 0
— 2 T = Fifw |Remote T_CRIT Mask Disabled -
udr | Atr Register Bit Field Register Bits [click) Hex | Bit Field Yalue
oo|R LTemp M5B word o001 1000 [18 [ 24375 peat R | Remote 05 Mask Disabled -
MR |LTemp L5Biword o [ QEEE Y| |l Al (ks Disabled -
R RTemp MSE signed:word ooo1 1000 [qg 2437500 Degl Rl | Local 05 Mask Disabled -
10[R  |RTemp LSE sined word orie oEEE e CH[RAY | |EemeeionREl BEEEEE: © [0z | [10sec =
at|r RTemp MSE unsignedword | 0001 1000 [qg 24 37500 DegC OF | One Shot Canversion oooo0 oooo [y gg;‘l;:ggss
s 1.0 zec
2[A  |ATempLsB unsonedwers | 0110 o EEE [F0 02[A [Convering - JEE EEEE I
BF|RAY | Remote Filter Enable HHH 11l [4F | [Ensbled = R Remote 05
Aol [ TuThemiTH) Mode Select | [ = HEH [80h TaThemOn =] R Diode Fault
R | TCRIT Diode Fault Mask [Mask T_CRIT Diode Fat_» R Remate TCRIT
R |05 Diode Fault Mask Enable 05 Diode Fauk = R Local 05 TCRIT
Rw | 0540PinE Cortrol Fress =] 3[R Mot Ready "BEE BEER | | [F-a -
11|Rw | Rematenifset MSE:word oscooooo [ 0.000 Degt ¢ | 2] R TruTherm 3304 detect B[] 3904 diods o
P 074 RAY | Remate OS Limit 0101 0101 Ll 3
12| Raw | RemoteDiiset LSB:word oo o] BEEE | o7 = 85 Degt <[ [ ]
20|RM | Local Shared 05 TCRIT Linit| @101 0101 [55 | [ 85 pegt < [ ¢l
The user can also select the 3904 diode or the

Local (on-chip) and remote temperatures should read
continuously. The user can experiment with the

processor thermal diode called “90 nm”.
[%] LmM95235 Evaluation Board

X

different settings of Address BF. 2 B B :
Feg File: Gtart Start Flead | Fead Cont I twirite On Change
[2CAddr (40 = Plot Loa | Regs | [AlRegs = v Read After Wit
7. If the user clicks the 06-FF tab the next screen oo+12 JEEERY 15+ |
WI” Iook Iike this: i | Auttr Register Bit Field Register Bits [click) Hex | Bit Field ¥alue
— 03 R | Softvare Standby 0 00 ’m
FJLM95235 Evaluation Board EER 03 0° 0 BARAR | | acieromng
5 S T e R |Remate T_CRIT Mask ’Wl
Fieq File: Start Gtat | Read | Pead Cont [¥ “iite On Change R | Remate 05 Mask Disabled =
|2CAdd [40 ~ Plot Log | Ress | [AlRegs ~ [V Read After Wiite i | Local T_CRIT Mask. T a—
&UW J Q'FF_] - - Firw |Local 05 Mask T —
i | Attr Register Bit Field Register Bits [click) Hex | Bit Field Value
afnw [Saitware sty B-EEBEEE [ | [eovermomets =] AR || Bamamniete . EEEEBE: o o |05 -
Raw | Remote T_CRIT Mask o I I ’W‘ OF [ One Shat Canversion tooo0 0000 [gp
2 | e i e—— =[f[Coreis ‘EEEEEEE | -
Frw |Local T_CRIT Mask T H ] o — R |Remote 05
R |Lacal 05 Mask 18 [Diabled  v] R Diode Fault
MET = [ ’—L| R Remate TCRIT
= orversion Rate HHHH HH 10 [0z |[10sec
OF [ One Shot Carwersion oooo cooo [gg R Local 03 TCRIT
oz[R Carrverting DHHH HHHH [o0 | [netbus =] R Mot Ready UHH HHHH [a0 | [Ready =
A Remote 05 o I I = R TruTherm 3504 detect I 1 II IIII [04dode 7]
S Diode Fault I ’—L| % R/ | Remote 05 Limit 01010101 [55 S04 dioe
R Remote TCRIT .... II”I = 20|RAw | Local Shared OS TCRIT Limit Hl o1 o101 [65 |[[ 85 pege o« [ ¢
R Local 05 TCRIT llll III i} ’—L|
o] ] Not Ready uﬂﬂ Hﬁﬁﬁ I m
Fi TruTherrn 3904 detect l 1 ll IIII ’W‘
07{ R | Remate OS Limit 0101 0101 [85 ([ 85 pegc 4| [ ]
o]
20| R |Local Shared OS5 TCRIT Lirmit Hl 010101 [55 || 85 peoc 4| | ]

The user can experiment with the Mask settings. Also the
user can change the conversion rate. The next screen
shows the possibilities for the Conversion Rate.
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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

2 4 B 8B 10 12 14 16 18 20 22 24 % 28 0

m— L Tew=24 500 RTsw=24 53125 == RTrm=24 53125

9. If the user selects the Start Log button the following
screen will appear. The user then enters the filename that
he chooses to log the data into.

© Copyright 2006 National Semiconductor Corporation
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Open Log File

Look ir: | () LM35235

My Recent
Docurments

?"_‘_'
€,
Desktop
My Documents

%

by Computer

My Metwork,
Flaces

[=] £ B
[Z] Testos
File name: IRE =l gpen |
Files of twpe: |Log file [ tat:" log) ﬂ Cancel
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2.1 Quick Start Diagram

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

o e =
] o N/C| D
Computer 11 N/C|o
= = OSiAo|o

=
SCL|o

[is ) i
SDA|o

LM95235 | +3.3|o

N

Computer
with
SensorEval
software
loaded
1m1] E O
o) National Semiconductor o)

L M95235 Evaluation Board Rev. 1
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3.0 Functional Description

The LM95235 Evaluation Board, along with the
SensorEval Software, provides the system designer
with a convenient way to learn about the operation of
the LM95235 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 LM95235 Evaluation Board is taken
from the USB 5-Volt line. This +5 VVDC 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 LM95235, 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 LM95235 chip. This communication
between the LM95235 and the PC USB data lines is
controlled by the microcontroller. For all of the
details of this communication protocol see the latest
LM95235 datasheet, available at www.national.com.

3.1 LM95235 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.
Vpp. The +3.3 VDC voltage supplied by the on-board
1 voltage regulator to the LM95235 Vp input pin. Do not
connect an external power supply to this pin!
P2 2 SMBDAT. Data signal for the SMBus.
Output header provides 3 SMBCLK. Clock signal for SMBUS.

user with signals for test
purposes only.

OS#/A0. When this pin is pulled low it enables the

Do not apply any 4 Overtemperature Shutdown (OS) feature. When this pin is
external power or pulled high it is the Address pin function.
signals to any of the ]
pins on these headers! > No Connection.
6 T_Crit#. This is the signal that goes low when the Set
Temperature is exceeded.
7 No Connection.
J4
Connection to 3,4 Connect for D+ connection
temperature diodes
Do not apply any
external power or .
1,2 Connect for D- connection

signals to any of the
pins on these headers!

© Copyright 2006 National Semiconductor Corporation 9

www.national.com



4.0 Software Installation and Operation

4.1 Installation

The CD provided in the LM95235 Evaluation Board Kit
contains the SensorEval software used to make the LM95235
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 2006 National Semiconductor Corporation 10

4.2 Operation

Follow the following procedure for operation the LM95235
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,
SensorEval.

Plug in the USB cable on both the PC and the
LM95235 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.

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

+33VDC  Use a 0.1 uF capacitor for each

TPL

T Ve pin of U2 and Reserved_6 pin. *33 voe & U eno
c1 [ c2 cs| ca| s o8
0.1UF | O1uF | 0.0F | 0.1uF | OLUF | 0.1uF R1
0
+3.3 VDC P2
u1 - v1 GND
LP2950CDT-3.3T0252 12 MHz
N our P2
cu c12 c13 R2
1 R3 15K R15
1uH 100k 220F | OuF | 100pF 15K
cu [ cis ci6 c17 3
220F | O1uF 220F | 0auF ?1 GND
C18 S QL us LM5235 +3.3VDC |
0.1uF 8TUABTO, ~NXHoTa MMBT3904/SOT
$8883, JEWBBER 4 1 8 sCL scL
$8888 o}
2| I2555 @ @ SEERZE o HEADER 2x2 VDD SMBCLK 3
i pEEESES
R7 22 g xpeseg PBGINTG [o2—X 4 3 19 28, swmoaT |-L—SDA soa |,
gfog 36 1 100 pF
o 12 20 usep. 4 4 CTLmOUTLRG |25 1o ) e osino 4
CTLOAINFLAG FAX Shunt to select the PCB
Ro 22 PCORKDO |43 temperature diode Hrerms oo |2 s
o+ 12 251 usepe PCUTxDO [— X P . TCRIT
TCRIT 6
GND o RiL 15K 18 u2 pc2nTos 42
SHELL 1 & DISCON# o7
SHELL_2 L
- 433 VDG 10 CY7C64603-52NC  peaynray |46 OS/A0 HEADER 1X
R12 T X—117| PAYFWR# " pa
v X131 PAS/FRD# PCATO [Fgo—X Sio
us %12 cikout PCSITL [go—X
PCOIWRY 27X
AT24C02-1081-2.7 A Y
1 8 RI3S Rl c20
A0 Vvee 15K < 15K | 0.1uF oo,
Hao et : 488888
scL [ sEEsr
—2 a2 scL 2 21 s Bo. SEEEEE
4 5 sbA 3 $5% ehebdinid
vss  SDA SDA 2206 444444
BNy
scL
soA

Schematic of the LM95235 Evaluation Board

© Copyright 2006 National Semiconductor Corporation 11
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5.3 Evaluation Board Layout
@
TP1

I

11

doi ]

V=
!jl;_] lﬂlﬁ&i

".E"I-.II 1|

ol T
it

L N |
National SemiCORa v
LFFE33% Evaluation Anoard Rew, |

.
:

[IXIXIIXI P
B s = B

f:'.'

—
=

Ar
o ]

igQas Moo

Figure 5.3 Layout diagram of the LM95235 Evaluation Board
(Note: socket and socket area not stuffed.)
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5.4 Bill of Materials for LM95235 Evaluation Board

Item Qty Reference

1 11 C1,C2,C3,C4,C5,C6,

C12,C15,C17,C20

2 2 C9, C10

3 3 C11,C14,C16

4 2 C13,C19

5 1 J3

6 1 Ja

7 1 L1

8 1 Q1

9 1 R1

10 2 R4,R12

11 2 R7,R9

12 5 R2,R11,R13,R14,R15
13 1 R3

14 1 Ul

15 1 u2

16 1 u4

17 1 U3

18 1 Y1

© Copyright 2006 National Semiconductor Corporation

Part
Capacitor, SMD, ceramic, 0.1uF

Capacitor, SMD, ceramic, 33 pF
Capacitor, SMD, ceramic, 2.2 uF
Capacitor, SMD, ceramic, 100 pF
Connector, USB-B
HEADER 2x2
Filter, 1uH, Stewart MI1206K900R-00
Transistor, SMD, MMBT3904/SOT
Resistor, SMD, 0 Ohms
Resistor, SMD, 1M
Resistor, SMD, 22 Ohms
Resistor, SMD, 1.5K
Resistor, SMD, 100k Ohms
IC, National LP2950CDT-3.3/TO252
IC, Cypress CY7C64613-52NC
IC, EPROM, Atmel AT24C02-10SI-2.7
LM95235CIMM

Crystal, 12 MHz, Pletronics
251200G140

13

PCB Footprint
sm/c_0805

sm/c_0805
sm/ct_3216 12
sm/c_0805
tm/usb_typeb
blkcon.100/vh/tm1sqs/w.100/4
sm/I_1206
sm/mmbt3904a
sm/r_0805
sm/r_0805
sm/r_0805
sm/r_0805
sm/r_0805
to252ab/dpak
sm/PQFP-52
s0g.050/8/wg.244/1.200
sm/msop-8
tm/hc-49

www.national.com



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«—— 2.45in/6.22 cm —»

3.251in/8.76 cm

y

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 2006 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 LM95235 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
& National Center Email: europe.support@nsc.com Support Center Tel: 81-3-5639-7560
Y W f) g Tel:  1-800-272-9959 Deutsch Tel: +49 (0) 699508 6208 Fax: 81-3-5639-7507
;:if::?;{qgr:jf:::‘;{g:r Email: new.feedback@nsc.com English Tel: +49 (0) 870 24 0 2171 Email: Email:
h ; S 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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