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Local versus Remote Temperature Sensors

Local Temperature Sensor Local & Remote Temperature Sensor
Senses own die temperature Senses own die temperature AND
that of the remote diode sensor

Remote Diode Sensor

Part# Local Sensor Remote Sensor
Part# Accuracy SMBUS TIMEOUT Accuracy Accuracy
LM75A | +2°C NO NE1617A +2°C +3°C
SE95 +1°C NO NE1619* +3°C +5°C
SE98 +2°C YES SA56004 +2°C +1°C

Note: * with voltage monitors
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SE98 Local Temperature Sensor

Local temperature sensor compliant to JEDEC JC42.4
SE98 accuracy of +2 °C (75 to 90 °C)

11-bit (0.125 °C) resolution

8 Hz minimum conversion rate

0°C, 1.5°C, 3 °C, 6 °C programmable hysteresis
threshold

EVENT# output associated with 3 alarms: upper, lower and
critical

Security lock bit for data protection

Operating voltage range from 3.0V to 3.6 V

Maximum operating current: 250 pA

2-wire SMBus or 12C-bus standard/fast mode compatible
Programmable SMBus Alert Response and TIMEOUT
Operating temperature range from —20 °C to +125 °C

3 programmable I°C address pins: 0011 [A2 A1 AQ]
Offered in TSSOP8 and HVSONS8* package

*Note: 3mm x 3mm

With SMBus TIMEOUT
& Security lock bits

Block Diagram
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Excellent Accuracy Characteristic

SE98 Temperature Accuracy

25 Devices Tested @Vcc=3.3V

Temperature Accuracy (°C)

/ From 25 Devices
 Temperature accuracy is
1- well controlled over the
entire

temperature range

057 « Lot to lot variation may
1 - shift
15 the accuracy up or down
'2 T I I
o o o o o o o o
(9\] AN < O [o0] o AN
i —
Temperature (°C)
by 4
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Temperature Accuracy Versus Resolution

Temperature Accuracy Temperature Resolution

» Accuracy and error are used » Is the measure of temperature
synonymously, and is the measure of sensor’'s smallest measuring step
how precisely the temperature sensor
reading matches the ambient
temperature

» Example of 0.125 °C resolution

» Example: +2 °C accuracy

Actual measured

\ Temperature 75.125 °C
“Temperature 73 0 C .

@asu

77 °C
\ Ambient Temperature /

P
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Comparator versus Interrupt Mode

TEMPERATURE
(")
cnfical

hysteresiz affects___—— X
thess trip points
Upper Boundary Alam Fi ES———

alarm win l.'|':l'ﬂ"+ \
Lower Boundary Alam

software clears even TIME

N

EVEMT in Irtermupt mode

EVENT in Comparmtor mods ——

EVENT i ' Critical Temp only' mode

Comparator mode:

EVENT output is cleared by itself once the temperature drops below the setpoints
Interrupt mode:

EVENT output is latched and only cleared by writing to the clear event bit
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Configuration Register
Critical Lock Bit

0: alarm register not locked, register value can be changed

1: alarm re/gister locked , register value cannot be changed
LARM Lock Bit

0: Alarm not locked, upper and lower alarm can be modified
1: Alarm Iocéf%%rlﬂ\g)ﬁ(ﬁqpa&ower alarm cannot be modified

0: Temp sensor shutdown mode
1: Normal mode

0: no effect o Hysteresis for alarm
1: clear the event flag in interrupt irE@gsteresis disabled
01: hysteresis =1.5°C

10: hysteresis —%C\
11: hysteresis = 6.2

Registgr is 2 Byte \

Bit 15 14 13 12 11 10 9 8
Symbol RFU HEN SHMD
Reset 0 0 0 0 0 0 0 0
Access R R R R R RW RAW RW
Bit 7 6 5 4 3 2 1 0
Symbol CTLB AWLB CEVNT ESTAT EOCTL CVO EP EMD
Reset 0 0 0 0 0 0 0 0
Access R/W RW R/W RW RW R/W RW RW

0: not asserted
1: asserted

||

P

EVENT output control bit
0: EVENT output disabled

1: EVENToutput enabled

Critical EVENT Only
0: Critical+Alarm
1: Critical

EVENT Polarity
0: Active low
1: Active high

EVENT Mode
0: Comparator mode
1: Interrupt mode

7
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SE98 Registers

Address (hex) POR state (hex) Register name

n/a n/a Pointer Register

00h 0015h/0017h Capability Register (B-grade = 0017h, C-grade = 0015h)
01h 0000h Configuration Register

02h 0000h Upper Boundary Alarm Trip Register
03h 0000h Lower Boundary Alarm Trip Register
04h 0000h Critical Alarm Trip Register

05h n/a Temperature Register

06h 1131h Manufacturer ID Register

07h A100h Device ID/Revision Register

08h to 21h 0000h reserved registers

22h 0000h SMBus Register

23hto FFh 0000h reserved registers
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Temperature Data Register

Above Critical indicates whether the temperature exceeds the critical temperature
0: temp is below critical temperature
1: temp exceeds critical temperature

Above ALARM window indicates whether the temperature exceeds the alarm temperature
0: temperature is below the upper alarm
1: temperature exceeds the upper alarm

Below ALARM Window indicates whether the temperature falls below the lower alarm

0: temperature is above the lower alarm Sign bit
Reg iSter iS - yte 1 t_emper\ature falls below the Lower ALARM 2 Eg;gtl?/veetteerpnppeerﬁtuurree
Bit 15 14 13 12 1 10 9 8
Symbol ACT AAW BAW SIGN 7 TEMP
Reset 0 0 0 0 0 0 0 1
Access R R R R R R R R
Bit 7 6 5 4 3 2 1 0
Symbol TEMP FU
Reset 1 0 0 1 0 0 1 0
Access R R R R R R R

7 N~ J
o Y 7
\__[nteger Decimal -
N Reserved for future use

Temperature Value = 25.125 °C
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SE98 Training Board Schematic
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Address: 0x30

EVENT Output LED

Visual status: Interrupt input and outputs
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Device
Address
Configuration
& Status  —|
Registers

——  ppevice Address
0x3n -

~
P

SE98 Software GUI

Device - Thermal Management - SE98

B Fle Device Options Window Help

Address kmited to 0230 in Win-I2CUSE Lite

Temperature

1F Win-12CUSE Lite - [SE98 Temperature Sensor]

Configuration=0x0000

Disable hysteresis =

O] Temp sensor on

Crit, trip register not locked
&larm Window not locked
Event not cleared

EVENT not asserted

EVEMT output disabled
Alarm or Critical Event

EVEMT output active low

OOo0O000000

Comparator Maode

Transmission successful

Reading

Temperature Reggter

Temperature=20.00°C

Temneratura Ranictor=Nx0Nnn
O act O aaw O paw
Read

Cyclic Read -‘/

Alarm Status bits
/

SMBus Register

1 smp

time-out enabled
Bus alert enabled

Write Read

~Upner Boundary Alarm Trip (°C)

A A L]
s 0.00°C

UBAT = Ox0000O

Write Read

~Lower Boundary Alarm Trip (<C)—

F ]
A a 0.00 °C

LBAT = Ox0000

Write Read

Critical &larm Trip {C)
0.0D °C

P
W W

CAT = OxD0O00

E

Automatic Write

Capability=DxX XXX
Read

nufacturer ID=0xXXXX
Read

Device ID=0xXXKX

Read

T

Cycli

C

Read

loj x|
181 x]

/

Write Read

Hardware Debected

[5.3v 0n | 50 0n |

Write all | Read all

100 kHz

Auto
write

Alarm
setpoints
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SE98 Hands-On: Device Initialization

Set critical boundary alarm trip to 80 °C boundary registers

Set hysteresis to
1.5°C

Enable Cupnfiguration=0x (08 Ol act O saw O paw
Read Cyclic Read Write Read
/EVENT Enable hysteresis at 1\5°C =
Upper Boundary Alarm Trip (2
output [ Temp sensor on Capability=0x0015
1 crit, trip register not lock R o (TR Read
1 -
&larm Window not locked Manufacturer ID=0x1131
[CN\event not cleared Write Read Read
(] EdgNT net asserted Dower Boundary Alarm Trip (°C) e T TR
[4) EVENT output enabled] g8 0.00°C T Recd
] alarm or Critical Event LBAT = Ox0000
1 . Automatic Write
[] EVENT output active low Virlte —
isgj ) comparatar Mode
Transmission  \ Critical Alan Trip (°C)
Successful Write Read oY 80.00°C
Indicates SE98 CAT = 0xD500 Write &ll | Read all
responding yrie J|_Fead
Toranisson aszess  HardireDotocted | 35v0n | 50v0n | 100 ki y

~
| g |

Set upper boundary alarm/trip to 27 °C

E Al Devke Opbors Window Help
Device Address
0x30 ~
\iddress- Imited to 030N Win-IZCLISE Lite

¥ Win-I2CUSE Lite - [SE98 Temperature Sensor]

Temperature Register
Temperature=24.625°C
Temperature Register=0x0184

SMBug Reqister=0x0000

SMBus time-out enabled
SMBus alert enabled

JR=TE
ETE

Autowrite ON
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SE98 Hands-on (2) — EVENT output in

Comparator versus Interrupt Mode
1. Visually check EVENT LED - it should be OFF

2. Click on the “Cyclic read” for continuous temperature update

3. Heat up or place your finger over the SE98 for a few minutes for temperature to exceed
28 °C, the EVENT LED is ON

4. Cool down or remove your finger from the SE98 and wait for a 1 minute or 2 until the
temperature drops below 28 °C
— What happens to the EVENT LED now?

« EVENT LED is OFF

5. Change the EVENT output to Interrupt mode and repeat steps 1-4.
— What happens to the EVENT LED now?

« EVENT LED is still ON

6. Clear the EVENT bit.
e EVENT LED is OFF

Conclusion?
— Comparator mode, the EVENT output de-asserted and LED is OFF when
temperature falls within the ALARM window
— Interrupt mode, the EVENT output stays asserted and LED is ON even after the
temperature drops_back within the ALARM window. The output is cleared by writing
to the “event clear bit”

\ ¥ 4 14
y
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SE98 Hands-on (cont.) — Security lock bits

1. Read the upper, lower and critical alarm boundary trips registers.

What are their values?
Upper = 28 oC; Lower = 0 °C; Critical =85 °C

2. Change the upper, lower and critical alarm boundary trip to 35 °C,

-20°C, and 125 °C and read them back. What are their values?
Upper =35 °C
Lower = - 20 °C
Critical = 125 °C
3. Check the “lock the Critical” and “lock alarm window” bits

4. Change the upper, lower, and critical alarm boundary trips to 28 °C,
0 °C, and 85 °C, and read them back. What are their values? No
change

5. Remove the power will reset remove the lock feature

Conclusion: lock bit protects alarm setpoint values. Once lock bit is
written, you can only clear it by powering off the SE98.

\ ¥ 4 15
A4\
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Expert Mode Exercise

» Power off and on the board

» Use the Expert Mode, write and verify the following codes:
Set the upper alarm to 27 °C

Confirm what you wrote is correct

Set the critical temperature to 70 °C

Confirm what you wrote is correct

Write to configuration register to enable the EVENT output
Read what you’ve just wrote

Heat up SE98 and read the configuration register

Read the temperature value

©NO O WNE
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%File Edit Device ©Options ‘Window Help

Win-I2CUSE Lite - [SE93 exercise.txt]

Solution

[ URE0| ¢ =B iy “ GPIO High “ Read |
Msg # |Start Addre55| R/ |Data |5I:up |DE|E|"_|"|ND|:E5
1 5T a0 Write  0Z,01,C0 Yes 0  Program upper alarm to 27 ol
z2 ST 30 Read 01,C0 Yes 0 |Read upper alarm reqgisker
3 5T a0 \lrike 04,08, C0 Yes 0  Program critical kemp = 70 oC
4 sT 30 Read |08,C0 Yes 0 Read critical alarm reqister
5 ST 30 Write  01,00,08 Yes 0  Enable EVENT outpuk
6 ST 30 Read 00,08 Yes 0 | Confirm what was writken
T 5T a0 \Wite 05 Yes 0  Set poinker ko kemperature data
8 sT 30 Read |41,FC Yes 0  Read temperature data

Win-I2CISE Like limitations:

Addresses limited to those on Philips 12C board

& messages ar rows
& data bytes per message (128 bytes in full version of \Win-I2CSE)

17
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SA56004 Local & Remote Temp Sensor

Monitors remote and local temperatures
Accuracy of £1 °C remote temperature sensing
11-bit ADC or 0.125 °C resolution

Offset registers for the remote sensing accuracy

ALERT#/T_CRIT# output for interrupt/fan control
(on/off)

2-wire SMBus, or I2C standard/fast mode
compatible

Supports SMBus ALERT Response and TIMEOUT
One-shot control for power saving

Programmable Fault Queue

Diode fault detection

Up to 8 different device addresses

Offered in TSSOP(MSOP)8 and SO8 packages

+1 oC Accuracy
With fan control

Vap ¥
[ ]
SHIELDED TWISTED FAIR |y
\ 1000F =
I
TpE

REMOTE
SENSOR

IN3204 [NPN), 2N3208 (NP
or simar standa ASIC,

0
Jang, ASIC, or R T
mirzroprocessor thermal diede 10 La ﬁ E -

SCLK

SDATA

SAS56004X

ALERT

GND

ERCREREE

5V

i

FAN CONTROL
CIRCUIT

h -
P
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SA56004 Block Diagram

SASG004K OME-SHOT »
Voo I REGISTER 1
CONFIGURATION COMMAND
LOCAL REmOTE OFFsET | | | RESISTER REGISTER [T
TEMF CONTROL " REGISTER
SENSOR LOGIC —
JLOCAL HIGH TEMP LOCAL TEMP HIGH
| szt THREEHOLD LMTREG [
LOCAL TEMP LOCAL LOW TEMP LOCAL TEMP LOAN
DATA REGISTER - 1 HRESHOLD LIMIT REGISTER [ |
11-8IT
D ReMTE At L4
REMC o=0 _ REMOTE TEMP REMOTE HIGH REMOTE TEMP
- MU CONVERTER DATA REGISTER * | TEMP THRESHOLD |— HIGHLMTRES [T
T_CAIT — | L] rEMOTELOW REMOTE TEMP
[ HYSTERESIS TEMP THRESHOLD LOW LINIT RES [
ALERT —— I
E‘ EFE
I— INTERRLFT
STATUS REGISTER
EHD —— [ [
s QTP DEVICE SMBus INTERFACE

= ADDRESS REGISTER
TCH
MTERRUFT 1

SDATA SCLK
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SA56004 Registers

REGISTER COMMAND BYTE POR FUNCTION BITS ACCESSIBILITY
MAME READ WRITE STATE
ADDRESS | ADDRESS
LTHE O s 0000 0000 | Local Temperature HIGH Byie 8 R
RTHB 01h M 0000 0000 | Remote Temperature HIGH Byte 8 R
SR 02h MA 0000 0000 | Status Register 8 R
CON 03h 0%h 0000 0000 | Configuration Register B RN
CR O4h Osh 1000 Conversion Rate 4 RN
LHS 05h OBh 0100 0110 | Local HIGH Sefpoint 8 RN
LLS Qi5h 0Ch 0000 0000 | Local LOW Setpoint 8 RN
RHSHB O7h 0Dh 0100 0110 | Remote HIGH Setpoint High Byte 8 RN
RLSHB 08h OEh 0000 0000 | Remote LOW Setpoint High Byte 8 RN
One Shot A OFh ‘Writimg regisier initiate a one shot conversion 0 W
RTLE 10h MA Q000 oo Remate Temperature LOW Byte B{MZBs) R
RTOHE 11h 11h 0000 0000 | Remote Temperature Offset High Byte L RN
RTOLB 12h 12h 000 Remate Temperature Offset Low Byte 3(MSBs) R
RHSLB 13h 13h 000 Remate HIGH Setpoint Low Byte 3(M3Bs) RN
RLSLE 14h 14h 000 Remate LOW Setpoint Low Byte 3M3Bs) RN
RCS 19h 15h 0101 0101 | Remote T_CRIT Setpoint 8 RN
LTS 20h 20h 0101 0101 | RLocal T_CRIT Setpoint 8 RN
TH 21h 21h 01010 T_CRIT Hysteresis 5 RN
LTLBE 22h M 0000 0000 | Local Temperature Low Byte 3MSBs) R
AM BFh BFh 0 Alert Mode 1 RN
RMID FEh MA 10100001 | Read Manufacturers ID 8 R
RDR FFh NA 0000 0000 | Read Stepping or Die Revision 8 R

20
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Configuration and Status Registers

Configuration Register (1 Byte) Status Register (1Byte)
Write addr = 09h; Read addr = 03h Read addr = 02h; Write addr = N/A
) . POR

Bit Hame/Function atate Bit HMame'Function EEI:EJEE

) ALERT mask 0 —

(M8} | The ALERT interrupt is enabled when thia bit ia 7 BUSY na
LOW, The SLERT inerrupt iz disaliled 141 - —
{masked) when this bit is HIGH When 1" A/D is busy converting.

i FOFLSTOR 0 B LHIGH a
Standby or run mode contrel; Running mode is i ;
enabied when this bit |5 LOW. The SA56004 When * 1 Indicsies Local HIGH t2mosrsture alanm
i% in standby mode when this bit s HIGH. 3 LLOwY 0

5 Mot defined. Defaults 1o 07 (zero). R - .

= ol L] » I : 1 1

e s When '1' indicates a Local LOW temperature alarm
The T_TRIT output will be activated by a i RHIGH a
remote temperature that exceeds the remote N .
T CRIT selpoint when this kst is LOW, The When *1' indicates a Rermote Diode HIGH
T_CRIT cutput wall mot be activated under this temperabure alanm.
condition whan this bit i HIGH —

3 Mot defined. Defaults 1o 0" (2ead). 3 RLOW g

] Local T_CHIT mask i When “1' indicates a Rermoie Diode LOW
The T_CRIT cutput will be activaled by a loca temperahure akanm,
temperature that exceeds the local T_CRIT
setpoint when this bitis LOW. The T_CHI 2 = 1|
owtput will not be activated under this condition I )
when this bit is HIGH When 17 indicales a Remote Diode dsconnedl.

1 Mol defined. Defaults 1o 07 (zeno). 0 i RCRIT i

) z“”:q?:'f;m S — When 1 Indicates a Remote Diode Critical

& i Abure e .

outside the HIGH, LOW or T_CRIT satpoints Temperatlure akam.
will trigger an cutside limit condition resuting in
setting the status bits and associated outpu 0 LCRIT 0
pins when this et is LOW, Thres consecutive a1 1 o
measurements oulside of one of thase When “1" indicates a Local Critical Temperature
selpants are raquired 10 rgaer an oulside of BB
limit condition when this bil is HIGH.
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ALERT
T CRIT

Connects

To PCA9
Port 7 an

SA56004 Training Board Schematic
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;
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E"‘-“*'" - A - - Status
“**‘J{Z}*_%F:% ””*“‘ﬁ:}*_ﬂﬁ_%q LEDs
X -1 + - = |
e _ T CRIT
| Status
= LEDs
+ Fwtobe fhome Eeriﬁ he et H3
SA56004 R -
O=tan 11723726 14722 |Eham: 45
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SA56004 Software GUI

Device Address 0x98 Local Temperature Remote temperature

Win-IZCUSE Lite - [SAS6004A Temperature Sensor]
File Device Options ‘Window Help

-Device Address

Status Reg 0x0g - Address limiked to 0x9§

in WAn-I2CLISE Lite Loicall Vel e ALy Pemote Temperature=0°C
\ -Status Register=0x00———— RTHB=0x00

—Local Temperature (2C) —R “ ote Temperature {(°C)

Temperature
[ aDc not busy Read Read
[] 1nt high termp not tripped HI H L W
(1 1nt low termp not tripped —Local Temp Limits (°C) | Remote Temp Limits {(°C)}—— ) G / O
% Eit :woibgvhtzemr;pnnaitt:irizzd Local HIGH Setpoint=70°C Remote HIGH Setpoint=70.000°C (NSNS RIS
[0 External diode not open LAk qu4ﬁ E" RHSHE Il]xr!lﬁ |3, RHSLB IDHUU |3‘v /
% Remote Mot Critical Temp Local LOW Setpoint=0°C Remote LOW Setpoint=0.000°C .
- Local Mot Critical Termp .
Conflg Reg E— LLS [ox00 [2] RLSHB [0x00 2] RLsLB [0x00 [2] Critical
“Configuration = Ox00——— Write Read Write Read D, Temperature
E 2'8“_'“8””? uelelie —Local T_CRIT (°C)} ' T_CRIT Hysteresis Remote T_CRIT (°C)— ) Limit
Hnning mese T_CRIT=85°C Hysteresis=10°C T_CRIT=85°C
COI’]VEI’SIOn [ remote Ticrit) Enabled
[ Lacal Ticrit) Enabled LCS qu55 |3v TH quun |3v RCS qu55 E' /
rate [ Fau Queue: single
Write Read Write Read Write Read Write Read
“Conversion Rate (CR) —Remote Temperature Offset (°C) 4/ Offset reg
Autownte Write Read ID Er\[;lén—zug;ix Write &ll Remote Temp Offset=0.000°C
16 Hz - - rite
Read RTOHB |0x00 [3| RTOLB [0x00D [£ .
\ One Shot Cyctic < [o=00 ] =00 | cyclic read
—Automatic Write Read .
[ off ] Interrupt Mode Il Write Read

1-shot

Hardware Mok Detected [ 3.3¥ off [ 5.0v off |

23
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SA56004 Exercise

Select “cyclic read”

Read the status and configuration registers. What are the bits?
— all bits should be clear

Set the remote high set-point register to 50 °C,
Set remote low set-point to 10 °C, and remote T_CRIT to 60 °C
Place the remote sensor diode in the hot water and record the remote temperature reading

Read the status register. Which bit is asserted?
—  External high temp bit is set

Place the remote sensor diode in a cup of ice water for 2 minutes or more

Read the status register. Which bit(s) is asserted?
—  External low temp bit is set

Read the local temperature value
— Room temperature

Put the device in standby mode, place your finger over the SA56004, What happens to the local and
remote temperature reading?
— No change

Keep the finger on the SA56004 and click on the one-shot push button. What happens to the local and
remote temperature reading?
—  Updated to your body temperature

24
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Expert Mode Exercise

» Power on and off the board

» Use the expert mode, write and verify the following codes:

Program SA56004 to standby (STOP) mode in the configuration register
Program the pointer to the remote temperature register high byte

Read the remote temperature data register high byte

Program the pointer to the remote temperature register low byte

Read the remote temperature data register low byte

Issue a one-shot command

Read the remote temperature data high and low byte (repeat steps 3 and
5)

NogbhwdE
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Solution

JEWin-IZCUSB Lite - [S6004 exercise.txt] O] x|
% File Edit Device ©Options ‘Window Help == x|
EBELLIERXERY-N=F1 - | T R
Msqg # |Start Addre55| R/ |Data |5|:D|]|DE|E|"_:"|ND|:E5

1 ST g YWrite 09,40 Yes 0  Read configuration regisker

z2 ST a5 Write | 01 Yes 0 |Program pointer ko remote temp sensor high byke

3 ST a5 Fead 19 Yes 0  Read high byte

4 sT a3 Wite |10 Ves 0 | Remote kemperature low byte

5 ST 95 i Read CO Yes 0  Read remoke temperature low byke

6 ST a5 Write | OF,00 Yes 0 |Initiake one-shat command

26
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Temp Sensors Selection Table

Local

Voltage Remot
Monitor e/Local

Temperature Accuracy | Pow er Supply current
Part# range Resolution Subblv Range
J Local |[Remote PPLY J Operting |Shutdown

LM75A -55°Cto 125°C | +-2°C N/A 0.125°C/LSB | 2.7V to 55V 1 mA 3.8 A
SE95 -55°Cto 125°C | +-1°C N/A 0.0B&;Z c/ 28Vto55V 1 mA 7.5 A
SE98 -20°Cto 125°C | +-2°C N/A 0.125°C/LSB [ 3.0Vto 3.6V | 100 yA
SA56004 | -55°Cto 125°C | +-2°C +-1°C | 0.125°C/LSB [ 3.0Vt0 3.6V | 500 yA 10 uA
NE1617A | -55°Cto 125°C | +-2°C +-3°C 1°C/LSB 3.0Vto55V 70 pA 3.5 A
NE1618 | -55°Cto 125°C | +-2°C +-1°C | 0.125°C/LSB [3.0Vto3.6V | 80 A 3 uA
NE1619 [ -55°Cto 125°C | +-5°C +-3°C 1°C/LSB 28V 1to55V | 500 uA 100 pA

ﬂ 27
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Temperature Sensor Applications

A 4
}[\’.‘A I 28
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