SENSYLINK CT75

+0.5°CDigital Temperature Sensor with Digital Interface

SENSYLINK Microelectronics

(CT75)

Digital Temperature Sensor

CT75 is a Digital Temperature Sensor with £0.5°CAccuracy
Compatible with SMBus, 1°Cand 2-wire Interface.

It is ideally used in HVAC, Thermal management and Portable
Devices etc.
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Description

CT75is a digital temperature sensor with +0.5°C
accuracy. Temperature data can be read out directly
via digital interface (compatible with SMBus, 1°C or 2-
wire) by MCU, Bluetooth Chip or SoC chip.

CT75 supports I°C communication with speed up
to400kHz.

Each chip is specially calibrated for +0.5°C(Max.)
accuracy over 0°C to 50°C range in factory before
shipment to customers. There is no need for re-
calibration anymore for +0.5°C accuracy.

It includes a high precision band-gap circuit, a 12-
bit analog to digital converter that can offer 0.0625°C
resolution, a calibration unit with non-volatile memory,
and a digital interface block.

It has ALERT logic output pin with open drain
structure, which is selectable for active low or high by
programming. ALERT response is compatible with
SMBus ALERT Response Address(ARA).

CT75 can also be used as standalone thermostat.
Available Package: SOP-8/ MSOP-8 package

PIN Configurations (Top View)

Features
® Operation Voltage: 1.5V to 5.5V
® Average Quiescent Current: 10uA(Max.)
® Standby Current: 0.5uA (typ.)
® Temperature Accuracy without calibration:

Maximum: £0.5°C from 0°C to 50°C
Maximum: = 1°C from -20°C to 85°C
Maximum: £ 1.5°C from -55°C to 125°C

® 12 bit ADC for 0.0625°C resolution

® Compatible industry LM75 with performance
improved

® Compatible with SMBus, 2-wire and I°Cc
interface

® Programmable Over/Under Temperature

® Programmable Active Low or High for ALERT
pin

® Support SMBus ALERT Response
Address(ARA)

® Generate 32 different slave address by setup
A0, Al, A2 pin

® Temperature Range: -55°C to 125°C

Applications

® Smart HVAC System
® Thermal Management

SDA [T
scL 11
ALERT (1T
GND 1T

[I ] vce

AO

[T 1 AL

A2

SOP-8/MSOP-8(Package Code M/MM)

Typical Application

VCC

R

0.1uF

Rpu=10k for each resistor

VCC
A0 SCL '
Al SDA @ to MCU I/O
A2 ALERT o
GND

Figure 1. Typical Application of CT75
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Pin Description

PIN No. PIN Name Description
1 SDA Digital interface data input or output pin, need a pull-up resistor to VCC.
2 SCL Digital interface clock input pin, need a pull-up resistor to VCC.
To Indicate ALERT of over or under Temperature programmed by setting
3 ALERT Thicn/TLow register, it is open drain output with programmable active low or
high. Need a pull-up resistor to VCC in application.
4 GND Ground pin.
5 A2 . . . . .
Address selection pins, the chip can be defined total 32 different slave
6 Al address by connecting these pins to GND, VCC, SCL or SDA pin
- A0 respectively. Do not leave this pins open. see 1.5.1 Slave Addressfor detail.
8 VCC Power supply input pin, using 0.1uF low ESR ceramic capacitor to ground

Function Block

VCC
Regulator SDA
I
SCL
I
Digital ALERT
Amplifer& Logic &
ADC | Interface
AO
I
P Al
Local T- Calibration
Sensor VIRIES Memory |
A2
GND

Figure 2. CT75 function block
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Ordering Information

CT75 X X

I
I —

Package Type Packing
M:S0OP-8 R : Tape&Reel
MM : MSOP-8 B : Tube
1 Marking . Operation
Order PN [Accuracy| Green Package D2 Packing | MPQ MOQ Temperature
0 Halogen 75 Tape & o~ 0
CT75MR 10.5°C free SOP-8 YWWAXX|  Reel 4,000 64,000 |-40°C~+125°C
0 Halogen 75 o 0
CT75MB +0.5°C free SOP-8 YWWAXX Tube 10,000 | 50,000 |-40°C~+125°C
Halogen 75 Tape & N
CT75MMR | +0.50C free MSOP-8 YWWAXX|  Reel 3,000 48,000 (-400C~+1250C
Halogen 75 _
CT75MMB | %0.50C free MSOP-8 YWWAXX Tube 32,000 | 128,000 (-400C~+1250C

Notes

1. Based on ROHS Y2012 spec, Halogen free coverslead free. So most package types Sensylinkoffers only states halogen
free, instead of lead free.

2. Marking IDincludes 2 rows of characters. In general, the 1 row of charactersare part number, and the 2" row of
characters aredate code plus production information.
1) Generally, date code is represented by 3 numbers. The number stands for year and work week information. e.g.
501stands forthe first work week of year 2015;621 stands for the 21st work week of year 2016.
2) Right after the date code information, the next 2-3 numbers or letters are specified to stands for supplier or
production location information.
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Absolute Maximum Ratings (Note3)

Parameter Symbol Value Unit
Supply Voltage Ve to GND -0.3t05.5 \%
SDA, SCL, A0, A1, A2 Voltage Vsoa/ VSCL/GV,\?OD/VM/ Vaolo 031055 Vv
ALERT Voltage VaLerT t0 GND -0.3t0 5.5 \Y
Operationjunction temperature T, -50 to 125 °C
Storage temperature Range Tste -65 to 150 °C
gzacgr']l;jesr;perature (Soldering, 10 Tieno 260 oC
ESD MM ESDuw 600 v
ESD HBM ESDygwm 6000 \%
ESD CDM ESDcpm 1000 \%
Note3

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the
device.These are stress ratings only. Functional operation of the device at the "Absolute Maximum Ratings" conditions
or any other conditions beyond those indicated under "Recommended Operating Conditions" is not recommended.
Exposure to "Absolute Maximum Ratings" for extended periods may affect device reliability.

2. Using 20z dual layer (Top, Bottom) FR4 PCB with 4x4 mm? cooper as thermal PAD

Recommended Operating Conditions

Parameter Symbol Value Unit
Supply Voltage Vee 15~55 \%
Ambient Operation Temperature Range Ta -40~+125 °C

Aug. 2017 Rev. 1.2 SENSYLINK Microelectronics Co., LTD
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Electrical Characteristics (Note4)

Test Conditions: Cyy = 0.1uF, Vcc =1.5V to 5.0V,T,=-40 to 125°Cunless otherwise specified. All limits are 100%
tested at T,=20°C.

Parameter Symbol Test Conditions Min Typ Max Unit
Supply Voltage Vce 15 5.5 \%
Ta=01050°C -0.5 0.5 °C
Temperature Accuracy Tac Ta=-20to 85°C -1 1 °C
Ta = -40 to 125°C -1.5 15 °C
Temperature Resolution 0.0625 °C
Average Operating Current laoc Vin = 3.3V, 1.0 con/s 7.0 10.0 UuA
Enable STB bit, f SDAJ/SCL t
Shutdown Current IsHUTDOWN nable VCIC’ O(I’)rg;?\lD 0 0.5 1.0 uA
Open Drain Output Voltage Vou ALERT pin, sink 5mA 0 0.5 \
Open Drain Leakage looL ALERT pin -1.0 1.0 UA
Conversion time tcon From active to finish completely 30 ms
Digital Interface
Logic Input Capacitance Cu SDA, SCL pin 3.0 pF
Logic Input High Voltage ViH SDA, SCL pin 0.7*vVCC VCC \%
Logic Input Low Voltage Vi SDA, SCL pin 0 0.2*vCC| V
Logic Input Current IinL SDA, SCL pin -1.0 1.0 uA
Logic Output Sink Current lots SDA, ALERT pin, forced 0.2V 5.0 mA
Fast Mode 1 400 kHz
SCL frequency ferk -
High Speed Mode 0.001 3 MHz
Timeout of detecting clock low trour SMBus Communication 30 ms
period time
Clock low period time tLow High Speed Mode 1300 ns
Clock high period time thigH High Speed Mode 600 ns
Bus free time tBuF Between Stop and Start condition 1200 ns
Hold time after Start condition tHD:sTA 600 ns
Repeated Start condition setup time| tsy.sta 600 ns
Stop condition setup time tsu:sto 600 ns
Data Hold time tHD:DAT 100 900 ns
Data Setup time tsu:DAT 100 ns
Clock/Data fall time te 300 ns
Clock/Data rise time tsr 300 ns
Note 4:

1. All devices are 100% production tested at Ta= +20°C; All specifications over the automotive temperature range is
guaranteed by design, not production tested.

2. No parasitic diode between EN pin and VIN pin.
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Figure 3. SMBus/IZCTimingDiagram
SCL == 1 8 9 1 8 9
I
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] : [
Lo
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SDA | |
I —
| I A6\ A5 A4 [ A3\ A2 Al A0 RW R7 fR6 | R5 Y R4 | R3 f R2 } R1Y RO .
I\ 1 0 0 1 0 0 0 0
|
- ACK ACK
iS!
- “ Byte 1 ] r Byte 2 7
Slave Address (0x90h) Register Address (0x00h to 0x03h)

1 8 9 10 17 18 r-

EonoccooNanoaconais]

Byte 3, Byte 4 -
Data to be written into Register (address pointed in Byte2)

RS )

SDA(cont) ===

ACK

\-——-
1 O

Figure 4. SMBus/I°C Write Word (2-Bytes) Timing Diagram
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©
©
P
©
©
0

==

A2 Al A0 RW R7 | R6 R5 Y R4 R3 | R2 R1 \ RO
0 0 0 0
K

ACI

>
o
~

Byte 1 Byte 2
Slave Address (0x90h) Register Address (0x00h to 0x03h)

0 1 0
ACK
Byte 3 Byte 4 (1st Byte)
Slave Address (0x91h) Data to be read out (Register address pointed in Byte2)

SDA
(cont)

“ Byte 5 (2st Byte)
Data to be read out (Register address pointed in Byte2)

Figure 5. SMBus/I°CReadWord (2-Bytes) Timing Diagram

Byte 1
‘ SMBus Alert Response Address (0x19h) Device Slave Address (10010xx0b)

| Byte 2 ‘

Figure 6. SMBus ALERT Response Diagram
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Characteristics(VCC=3.0V/5.0V)

+30 12
CC=B.0V-5.0\ \ \
+27 11 ! !
10 ——T=400C
24 08 ——T=250C
s e ——T=1250C
O < o8
= =)
S f18 Z o |_—1
5 g °
o 15 / g 06 L— ]
8 12 N 4 S os | —
Q
g +o09 § 0.4 ,/ —
& > 1
+0.6 ﬁ 0.3 — —
+03 02
0.1
00
6 -4 20 0 2 4 6 8 100 120 140 00
Ambient Temperature(°C) 1 2 3 4 5 6
Supply Voltage (V)
Figure 7. Temperature Error vs. Temperature Figure 9. Shutdown Current vs. Temperature (3.0V/5.0V)
Temperature Distribution
i ——
Mean
Conversion Rate:4Hz 15000
25| | ——T=400C '
T ——T=250C I
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g 2 i 5 | .
s T | i I L]
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Supply Voltage (V)

Figure 10. Temperature Error Distribution

Figure 8. Average Operating Current vs. Temperature
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1 Function Descriptions
The chip can sense temperature and convert it into digital data by a 12-bit ADC. Also the chip supports
programmable high-/low-limit temperature settings. If the measured temperature meets or exceeds the high-limit
temperature, ALERT pin will be asserted (be set low or high, depending on POL bit of configuration register).Once
the measured temperature goes below the low-limit temperature (programmable by user), ALERT pin will be
released.
1.1 Digital Output of Temperature Data
The temperature measurement data is stored in Read Only temperature register. The temperature register is in
12-bit binary format (set EM bit as 0) or 13-bit binary format (set EM bit as 1) with 2-Bytes. This 2-Bytes
Temperature data must be read at the same time in each reading cycle, 1¥-Byte is MSB followed by Z”d-Byte,
the LSB. The relationship between Temperature data in Celsius degree and binary data is shown as below

tables.
Table 1. 12-bit Temperature Data (EM bit = 0)
Temperature (°C) 12-bit Digital Output (HEX) 12-bit Digital Output (BIN)
+128 0x7FFO 0111,1111,1111(0000)
+127.9375 0x7FFO 0111,1111,1111(0000)
+100 0x6400 0110,0100,0000(0000)
+25 0x1900 0001,1001,0000(0000)
+0.25 0x0040 0000,0000,0100(0000)
0 0x0000 0000,0000,0000(0000)
-0.0625 OXFFFO 1111,1111,1111(0000)
-0.25 OxFFCO 1111,1111,1100(0000)
-25 O0xE700 1110,0111,0000(0000)

Table 2. 13-bit Temperature Data (EM bit = 1)

+150 0x4A01 0100,1011 0000,0(001)
+128 0x4001 0100,0000 0000,0(0001)
+127.9375 Ox3FF9 0011,1111 1111,1(001)
+100 0x3201 0011,0010 0000,0(0001)
+25 0x0C81 0000,1100 1000,0(001)
+0.25 0x0021 0000,0000 0010,0(001)
0 0x0001 0000,0000 0000,0(001)
-0.0625 OXFFF9 1111,1111 1111,1(001)
-0.25 OxFFC1 1111,1111 1100,0(001)
-25 OxE701 1110,0111 0000,0(001)

1.2 Temperature Higher than 128
When temperature is higher than 128°C, it can be expressed in binary register data by setting EM bit as 1,
shown as above Table 2.In extended format, the resolution of AD converter does not change, but sign bit
is added. For example, 12-bit format for 100°C is 0x6400, in which 0x64 is from 1% Byte, and 0x00 is from
2" Byte. 13-bit format for 100°C is 0x3201, in which 0x32 is from 1% Byte, and 0x01 is from 2™ Byte. The
default for EM bit is O after Power-on reset.
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1.3 Register Map
The chip has 4 registers, and there are 2 Bytes (1% Byte and 2m Byte), total 16 bits for each register,
shown as below table.

Table 3. Register Map

Register . Attrib | Default BIT
Register Name ;
Address ution | Data 7‘ 6 | 5 | 4 | 3 | 2 | 1 ‘O
Tl‘iI"Bp—MSB RIO | NIA Temp_Data[11:4]
oor L5
emp_| .
(2" Byte) R/O N/A Temp_Data[3:0]
Conng IS8 RW | oxo0 | os | crRt | cro | F1 FO | PoL | ALTM | sD
0x01 E: f.yteZSB
onfig_
(2nd Byte) R/W 0x00 0 0 AL EM 0 0 0 0
Lfs\llngemp_Set_MSB R/W 0x4B Low_Temp_Setup_Data[11:4]
0x02 (L ¥e) Set_LSB
ow_lem et
(2nd _Byte) P_set R/W 0x00 Low_Temp_Setup_Data[3:0]
Hgh-Temp_SeLMSB | raw | oxs0 High_Temp_Setup_Data[11:4]
0x03 }(4 hy;e) Set LSB
Igh_lemp_oset | . )
(2™ Byte) R/W 0x00 High_Temp_Setup_Data[3:0]

1.4 Register Description
1.4.1 Temp_Data, Temperature Data
Register Address: 0x00
Register Attribution: Read only
Default Data: N/A

BIT (1* Byte) 7 | 6 | 5 | 4 | 3 | 2 | 1 | o

Name: Temp_ MSB (1% Byte) Temp Data[11:4]

Temperature Data (°C) [12-bit] SIGN 64 32 16 8 4 2 1

12-bit format T11 T10 T9 T8 T7 T6 T5 T4

Temperature Data (°C) [13-bit] (SIGN) (128) (64) (32) (16) (8) (4) (2)

13-bit format (T12) (T11) (T10) (T9) (T8) (T7) (T6) (T5)
BIT (2™ Byte) 7 | 6 | 5 | 4 | 3 | 2 1 1 T o
Name: Temp_LSB (2"Byte) Temp_Data[3:0]
Temperature Data (°C) [12-bit] 0.5 0.25 0.125 0.0625 0 0 0 0
12-hit format T3 T2 T1 T0 0 0 0 0
Temperature Data (°C) [13-bit] 2) (0.5) (0.25) (0.125) | (0.0625) 0 0 Q)
13-bit format (T4) (T3) (T2) (T1) (TO) 0) 0) 1)

1.4.2 Config, Configuration Setup register
Register Address: 0x01
Register Attribution: Read/Write
Default Data: 0x00 (1% Byte) 0x20 (2™ Byte) after POR. If user used only 1-Byte, it is ok to
read/write 1-Byte command via digital interface, the 1st Byte (MSB) will be accessed.

BIT 7 6 5 4 3 2 1 0
1% Bvte 0OS CR1 CRO F1 FO POL ALTM SD
yt 0 0 0 0 0 0 0 0
nd Reserved AL EM Reserved
2" Byte 0 0 1 0 0 o | o T o
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0S,0ne shot Conversion bit

When the device is in shutdown mode, setting this bit as ‘1'will trigger a single temperature conversion.
During the conversion, the OS bit reads as ‘0. The device returns to shutdown mode once it completes the
single conversion. This feature is used for reducing power consumption when continuous temperature
monitoring is not necessary.

CR1, CRO, Conversion Rate Selection bits
These 2 bits allow user to setup different conversion rate for temperature. The default is 00 after POR,
meaning the conversion rate is 8Hz, i.e. 8 times conversion every second. This feature is used to prevent a

false alert, which is immune to certain noise in application.

CR1 CRO Conversion Rate / Conversion Time
0 0 8Hz / 0.125s (default)
0 1 4.0Hz / 0.25s
1 0 1.0Hz / 1.0s
1 1 0.25Hz / 4.0s

F1, FO, FaultQueue bits
These2 bits are usedto setup the number of fault conditions to trigger alert. The default is 00 after POR,

which means one time fault.This feature is used to prevent a false alert, which is immune to certain noise in

application.
F1 FO Fault Queue Number
0 0 1 (default)
0 1 2
1 0 4
1 1 6

POL, Alert Output Polarity bit

This bit allows user to setup the polarity of ALERT pin for output. The default is 0 after POR, meaning
ALERT pin is active low. When POL bit is setup ‘1’, the ALERT pin becomes active high and the state of
ALERT pin is inverted.

ALTM, Alert Operation Mode bit
This bit allows user to select ALERT pin operation mode: Comparator Mode or Interrupt Mode. The default

is 0 to select Comparator Mode. For detail information, see ALERT output section.

SD, Shutdown bit

This bit allows user to shutdown the chip and to make the chip enter into standby mode once writing‘1’. The
default value is ‘0’ which sets the chip to be in Normal RUN mode. During shutdown mode, the temperature
data is kept at that of last time, no more update, and all function blocks are turned-off except interface.

SD=0 can allow the chip be out of shutdown mode. In shutdown mode, the quiescent is below 2.0uA.

EM, Extended Mode bit
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This bit allows user to select 12-bit (EM = 0) or 13-bit (EM = 1)temperature data. When EM bit is set as ‘1’,
the temperature resolution is still 0.0625°C resolution.

Alert (AL)

The AL bit is a read-only function. Reading the AL bit provides information about the comparator mode
status. The state of the POL bit inverts the polarity of data returned from the AL bit. When the POL bit
equals 0, the ALbit reads as 1 until the temperature equals or exceeds T(HIGH) for the programmed

number of consecutive faults, causing the AL bit to read as 0. The AL bit continues to read as 0 until the
temperature falls below T(LOW) for the programmed number of consecutive faults, when it again reads as 1.
The status of the TM bit does not affect the status of the AL bit.

1.4.3 Low_Temp_Set, Setup Low Temperature Limitation register

1.4.4 High_Temp_Set, Setup High Temperature Limitation register

Register Address: 0x02
Register Attribution: Read/Write
Default Data: 0x4B (1% Byte) 0x00 (2™ Byte) after POR.

BIT BIT 7 6 5 4 3 2 1 0
12-bit L11 L10 L9 L8 L7 L6 L5 L4
1% Byte 13-bit (L12) | w11 | (L10) (L9) (L8) (L7) (L6) (L5)
Default 0 1 0 0 1 0 1 1
12-bit L3 L2 L1 LO 0 0 0 0
2" Byte | 13-bit (L4) (L3) (L2) (L1) (LO) 0) O) O)
Default 0 0 0 0 0 0 0 0

The high-/low- limit temperatures are determined by High_Temp_Set register [0x03] and
Low_Temp_Set register [0x02] with same format as Temp_Data register [0x00], which could be
in 12-bit or 13-bit binary format. The chip compares Temp_Data [0x00] register and
High_Temp_Set register [0x03]/Low_Temp_Set register [0x02] in each conversion cycle, which
will affect ALT pin output. The default value is 0x4B00 with 12-bit binary format, which means
75°C. For other low-limit temperature data chip, please contact our sales.

Register Address: 0x03

Register Attribution: Read/Write

Default Data: 0x50 (1% Byte) 0x00 (2™ Byte) after POR.

BIT BIT 7 6 5 4 3 2 1 0
12-bit H11 H10 H9 H8 H7 H6 H5 H4
1% Byte 13-bit (H12) | (H11) | (H10) (H9) (H8) (H7) (H6) (H5)
Default 0 1 0 0 1 0 1 1
12-bit H3 H2 H1 HO 0 0 0 0
2" Byte | 13-bit (H4) (H3) (H2) (H1) (HO) 0) O) O)
Default 0 0 0 0 0 0 0 0

The high-/low- limit temperature is determined by High_Temp_Set register [0x03] and

Low_Temp_Set register [0x02] with same format as Temp_Data register [0x00], which could be
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in 12-bit or 13-bit binary format. The chip compares Temp_Data [0x00] register and
High_Temp_Set register [0x03])/Low_Temp_Set register [0x02] in each conversion cycle, which
will affect ALT pin output. The default value is 0x5000 with 12-bit binary format, which means
80°C. For other low-limit temperature data chip, please contact our sales.

1.5 SMBus Digital Interface

1.5.1 Slave Address
The SMBuUs or I°C slave address of this device can be configured 32 different address by setting
[A2], [A1] and [AQ] pin. See below table for detail. Which permit connecting total 32 devices in

one SMBus.
No. A2 Al AO R/W Slave Address in Hex
[RIW]
1 GND GND GND 1/0 0x91/0x90
2 GND GND VCC 1/0 0x93/0x92
3 GND VCC GND 1/0 0x95/0x94
4 GND VCC VCC 1/0 0x97/0x96
5 VCC GND GND 1/0 0x99/0x98
6 VCC GND VCC 1/0 0x9B/0x9A
7 VCC VCC GND 1/0 0x9D/0x9C
8 VCC VCC VCC 1/0 0x9F/0X9E
9 GND GND SDA 1/0 0x81/0x80
10 GND GND SCL 1/0 0x83/0x82
11 GND VCC SDA 1/0 0x85/0x84
12 GND VCC SCL 1/0 0x87/0x86
13 VCC GND SDA 1/0 0x89/0x88
14 VCC GND SCL 1/0 0x8B/0Ox8A
15 VCC VCC SDA 1/0 0x8D/0x8C
16 VCC VCC SCL 1/0 0x8F/0X8E
17 GND SDA SDA 1/0 0xA1/0xA0
18 GND SDA SCL 1/0 0XxA3/0xA2
19 GND SCL SDA 1/0 O0XA5/0xA4
20 GND SCL SCL 1/0 O0XxA7/0xA6
21 VCC SDA SDA 1/0 0XxA9/0xA8
22 VCC SDA SCL 1/0 OXAB/OXAA
23 VCC SCL SDA 1/0 OXAD/OXAC
24 VCC SCL SCL 1/0 OXAF/OXAE
25 GND SDA GND 1/0 0xB1/0xB0
26 GND SDA VCC 1/0 0xB3/0xB2
27 GND SCL GND 1/0 0xB5/0xB4
28 GND SCL VCC 1/0 0xB7/0xB6
29 VCC SDA GND 1/0 0xB9/0xB8
30 VCC SDA VCC 1/0 0xBB/OxBA
31 VCC SCL GND 1/0 0xBD/0XBC
32 VCC SCL VCC 1/0 0xBF/OXBE

1.5.2 Timeout
The chip supports SMBus timeout. If the clock is held low for longer than 30ms (Typ.), the chip will reset its
SMBus protocol and be ready for a new transmission.
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1.5.3 SMBus Protocol
The chip supports four standard SMBus protocols Send Byte, Read Byte, Write Byte and Receive Byte,
shown as below tables.

Write Byte
S Slave Add R/W ACK Reg Add ACK Reg Data |ACK P
0x80 to OxBE |0 0 0x00 to Ox03 (O XXh 0
Read Byte
S Slave Add R/W [ACK [Reg Add ACK |S Slave Add R/W ACK |Reg Data |NACK |P
N

Send Byte

S Slave Add R/W ACK Reg Add ACK P
0x80 to OxBE 0 0 XXh 0

Receive Byte

S Slave Add R/W ACK Reg Add NACK P
0x80 to OxBE 1 0 XXh 1

Here S means SMBus Start to communication with master, P, means communication STOP.

Slave Add, means the chip's slave address.

Reg Add, means pointed Register Address.

Reg Data, means data to be written into register or read from register.

For this chip, each register includes 2 Bytes, so generally reading or writing operation is based on 1 Word
(2-Bytes).Also it is permitted to read 1 byte for read/write, then the 1* byte will be accessed in first.

1.5.4 Compatible with I°C
The chip is compatible with both SMBus and I°C. And the major difference between SMbus and
I°C are shown as below. For more information, refer to SMBus specification v2.0 and I°’c
specification v2.1.
1). This chip supports I°C fast mode (400kHz) and standard mode (100kHz), which can cover
SMBus maximum frequency 100kHz.
2). For SMBus protocol, the minimum frequency is 10kHz. There is no such limitation for I°C.
3). For SMBus protocol, slave device will reset if hold clock at '0' longer than 30mst. There is no
timeout for I°C.
4). ARA (Alert Response Address)general call is only valid interrupt in SMBus, not valid in I°C.

1.5.5General Call
The CT75 device responds to a two-wire general-call address (0000 000) if the eighth bit is O.
The device acknowledges the general-call address and responds to commands in the second
byte. If the second byte isO000 0110, the CT75 internal registers are reset to power-up values.

1.5.6 High-Speed (Hs) Mode
If 1’C/SMBus needs to run at frequencies above 400 kHz, the master device must issue an Hs-
mode master code (0000 1xxx) as the first byte after a START condition to switch the bus to
high-speed operation. After the Hs-mode master code has been issued, the master transmits a

slave address to initiate a data-transfer operation. The bus continues to operate in Hs-mode until
Aug. 2017 Rev. 1.2 SENSYLINK Microelectronics Co., LTD
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a STOP condition occurs on the bus. Upon receiving the STOP condition, the CT75 device will
return back to fast-mode operation.

1.6 ALERT Output

ALERT pin is output with open drain which can be set active low or active high by setting POL bit.

And it is triggered when the measured temperature equals or exceeds the limitation temperature

setup in the registers of High_Temp_Set / Low Temp_Set. There are two types of ALERT output

mode: comparator mode and interrupt mode.

1.6.1 Comparator mode (ALTM=0)

Below Figure shows the mechanism of the ALERT output in comparator mode. In this mode, the
ALERT pin will becomes active if the monitored temperature equals or exceeds the value setup
in High_Temp_Set [0x03] register for a consecutive number of faults according to setup by F1
and FO bits. The ALERT pin keeps active until the temperature falls below the value setup in
Low_Temp_Set [0x02] register.

Measured
/temperature

”””””””””””””””””””””””””””” THIGH Limitation

I‘i THERM_HYS
ffffffffffff TLOW Limitation

ALERT pin (Comparator Mode)
L POL=0

ALERT pin (Comparator Mode)
POL=1

Figure 11ALERT pin output in comparator mode

1.6.2 Interrupt mode (ALTM=1)
Below Figure shows the mechanism of the ALERT pin output interrupt mode. In this mode, the
ALERT pin becomes active when the temperature equals or exceeds the value setup in
High_Temp_Set [0x03] register for a consecutive number of faults according to setup by F1 and
FO bits. The ALERT pin keeps active until a read operation of any register happens or the chip
responds to SMBus Alert Response Address (ARA)successfully. When ALERT pin is cleared, it
will become active again only when the temperature falls below the value setup in
Low_Temp_Set [0x02] register, and keeps active until being cleared by reading register or
responding to SMBus ARA.ALERT pin is also cleared by setting the chip in shutdown mode.
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Measured
/ temperature

********************************************* I ~~~7777  THIGH Limitation

<4— THERM_HYS
ffffffffffff TLOW Limitation

ALERT pin (Interrupt Mode)
POL=0

ALERT pin (Interrupt Mode)
POL=1

o

Reading register or SMBus ARA

Figure 12ALERT pin output in interrupt mode

1.6.3 SMBus Alert Response Address (ARA)
The chip supports the SMBus alert function feature. When the chip operates in interrupt mode
(ALTM=1), it can be connected as SMBus alert signal, used as a processer interrupt or as
SMBus ALERT. When the master detects that the ALERT pin is asserted, it will send Alert
Response Address (ARA) to general address (0001, 1001b). All devices with active interrupts
will respond with client address. If the alert pin is active, the device acknowledges the SMBus
command by returning the slave address from SDA line. If more devices than one on the bus
respond SMBus ARA, arbitration during the slave address portion of SMBus ARA determines
which device clears the alert trigger. The device with the highest priority (lowest address) wins
the arbitration. If the chip wins the arbitration, ALERT pin is released after completion of SMBus
ARA command. If the chip loses the arbitration, it will keep ALERT pin active. See System
Management Bus (SMBus) Specification for more detail.
Below Figure shows the mechanism of the ALERT output SMBus Alert mode.

S Slave Add R/W ACK Reg Add ACK P
0001,1001 1 0 XXXXXXXSb 1

Here Reg Add presented the chip real actual address setup by user. S bit means trigger ALTER or not. if S bit is 0,

means no ALERT trigger, or means ALERT is trigged.
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Measured
temperature

***************************************************** THIGH Limitation

‘ <4 THERM_HYS
,,,,,,,,,,,,,,,,,,,,,,,,,,, F----Y---————  TLOW Limitation

|

|

\ |
_< L
- -_ ALERT pin (Interrupt Mode)

POL=0

ALERT pin inactive

- R G ALERT pin (Interrupt Mode)
p . POL=1

Reading register or SMBus ARA

Figure 13ALERT pin in SMBus Alert Response(ARA)
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2 Application Information
2.1 How to Improve Temperature Accuracy
The temperature measurement of the chip is based on semiconductor physics principle --Forward voltage
of diode is a function of temperature. The formula is shown as below.

Ve :k—TIn 3

q ls

Here,

V¢ -- forward voltage

I -- forward current

Is -- reverse saturation current

k -- Boltzmann constant

T -- Temperature in K

g -- electric charge constant

To cover wide temperature range, i.e. -40 °C to 125°C, a very small voltage variation is corresponding to
every degree C temperature change. Sensylink has applied many ways to improve measurement accuracy
in chip circuits design, such as compensation, trimming etc. In real system design, however, some factors
that can increase measurement error need to be considered. Most issues that usually occur are highlighted
as below.

2.1.1 Noise between VCC and GND
It is very necessary to place a low ESR ceramic cap (Cy) between VCC and GND pin to filter digital
noise, although suppression noise circuit has been built inside the chip. This filter cap should be
placed as close as possible to the chip. The recommended capacitance is 0.1uF.

2.1.2 Thermal Response Time
It is very necessary to wait enough time for obvious temperature changing of target due to
thermal time constant, e.g. food temperature could change from -20°Cto 20°C when taken out of
refrigerator, which could take over ten minutes to reach thermal equilibrium eventually. Enough
time is still needed for the target to reach thermal equilibrium, even forcing temperature transient
into target object. For this chip, the temperature step response changing from room temperature
to oil bath of 125°C is shown as below.

Room Temperature | Target Temperature Change ratio DeltaT Time (s)
63% 61.9 °C 2.3
o o 80% 78.5°C 3.8
26.8 °C 125.0°C 90% 88 4°C 56
100% 98.2°C 20.0
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Vice versa, it will take longer time, about 150s,whenthe chip temperature is back to room
temperature, once taking the chip out of oil bath of 125°C. See below plot.
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2.2 PCB Layout
Cautions below are important to improve temperature measurement accuracy in PCB layout design.

2.2.1 Device placement
It is better to place the chip away from any thermal source (e.g. power device in board), high
speed digital bus (e.g. memory bus), coil device (e.g. inductors)and wireless antenna (e.qg.
Bluetooth, WiFi, RF). It is recommended to place the chip close to the remote diode.
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2.2.2 Cin, Pull-up resistor
It is better to place Cin as close as possible to VCC and GND pins of the chip. The
recommended Cin value is 0.1uF with low ESR ceramic cap although using multi caps, such as
1.0uF plus 0.1uF or 0.01uF, is ok, which can suppress digital noise with different frequency
range.
User has to put a pull-up resistor with 4.7k to 10k for SDA and SCL pins respectively. It is ok to
use smaller resistors such as 2k-3k in real application, if multi SMBus/I2C devices are used in

the same bus.

2.3 Standalone Thermostat
CT75 can also be used as standalone thermostat shown as below. It does need external MCU to
setup High/Low limitation temperature via SMBus/I2C communication. The trigger temperature
and hysteresis temperature can be setup in factory before shipping to customer. For example,
Trigger temperate is 55°C, and
Hysteresis temperature is 5°C.
which means once the chip temperature equals or exceeds 55°C, the ALERT pin will be set low.
and once the temperature of the chip drops below 50°C (55 - 5), the ALERT pin will be released,
back to high.
Please contact Sensylink sales for specific Trigger, Hysteresis temperature you want.

CIN vgc
0.1uF
“ | Rpu=4.7k - 10k
H \

A0 VCC
Al
A2
SCL ALERT
SDA
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Package Outline Dimensions

@

£

)

SOP-8

0.250

-
FAN

Unit (mm)

PIN#1
b e
- c
4 N o
/ <
Symbol Dimensions in Millimeters Dimensions in Inches
Min. Max. Min. Max.
A 1.350 1.750 0.053 0.069
Al 0.100 0.250 0.004 0.010
A2 1.250 1.650 0.049 0.065
b 0.33 0.51 0.013 0.020
C 0.17 0.25 0.007 0.010
D 4,700 5.100 0.185 0.201
E 5.800 6.200 0.228 0.244
El 3.700 4,100 0.146 0.161
e 1.270 (BSC) 0.050 (BSC)
L 0.400 1.270 0.016 0.050
0 0° 8° 0° 8°
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Package Outline Dimensions

MSOP-8 Unit (mm)

C
S r
T
L
RN
Y
E El
! N ||
- [A2a
~— e b — A—e
D
ininlnlnly
Al
Svmbol Dimensions in Millimeters Dimensions in Inches
Y Min. Max. Min. Max.
A 0.820 1.100 0.032 0.043
Al 0.020 0.150 0.001 0.006
A2 0.750 0.950 0.030 0.037
b 0.250 0.380 0.010 0.015
c 0.090 0.250 0.004 0.010
D 2.900 3.100 0.114 0.122
E 2.900 3.100 0.114 0.122
El 4,700 5.100 0.185 0.201
e 0.650 (BSC) 0.026 (BSC)
L 0.400 0.800 0.016 0.031
0 0° 8° 0° 8°
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IMPORTANT NOTICE

SENSYLINK Microelectronics Co., Ltd reserves the right to make modifications, enhancements, improvements, corrections or
other changes without further notice to this document and any product described here in or to discontinue any product or
service. Customers should obtain the latest relevant information before placing orders and should verify the latest and
complete information. SENSYLINK Microelectronics does not assume any responsibility for use of any product, nor does
SENSYLINK Microelectronics any liability arising out of the application or use of this document or any product or circuit
described herein. SENSYLINK Microelectronics assumes no liability for applications assistance or the design of Customers’
products. Customers are responsible for their products and applications using SENSYLINK Microelectronics components.
SENSYLINK Microelectronics does not convey any license under its patent or trademark rights nor the other rights.

SENSYLINK Microelectronics Co., Ltd©2017.
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