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Digital Temperature Sensor with I12C Interface and ALT

1 Features

» Temperature range: -55°C to +125°C
» Accuracy: +0.6°C(-25°C to +55°C)

* Resolution: 0.0625°C (12Bits)
*  Supply voltage: 1.4V to 5.5V
» Low quiescent current:

— Normal operation: 15pA@12Hz

— Shutdown mode: 0.3pA
» Digital output: 12C, SMBus
+ Alternative to GD30TS076C

2 Applications

»  Temperature Monitoring
. Thermostat Controls
. Device Thermal Protection

. General Temperature Measurement

3 Description

The GD30TS076C is
temperature sensor with a 12bit ADC that can operate at

a fully integrated digital

a 1.8V supply, and is pin and register compatible with
the x75.

The GD30TS076C features SMBus and 12C interface,
and allows up to eight devices on the same bus. The
programmable temperature limits and the ALT pin allow
the sensor to operate as a stand-alone thermostat.

The GD30TS076C has been precisely calibrated at the
factory, and the user does not need any additional
compensation processing for the temperature output.

Device Information’

PART NUMBER |PACKAGE | BODY SIZE (NOM)
SOP-8 4.90mm % 3.90mm
GD30TS076C MSOP-8 3.00mm x 3.00mm
DFN-8 3.00mm x 3.00mm

1. For packaging details, see Package Information section.

Internal Schematic Diagram
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4 Device Overview

4.1 Pinout and Pin Assignment

SOP & MSOP Package
8-Pin Top View

DFN Package
8-Pin Top View
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4.2 Pin Description
PINS PIN
FUNCTION
NAME MSOP8/SOP8/DFN8 | TYPE'
SDA 1 10 Serial data. Open-drain output; requires a pull-up resistor.
SCL 2 (0] Serial clock. Open-drain output; requires a pull-up resistor.
ALT 3 (0] Over-temperature alert. Open-drain output; requires a pull-up resistor.
GND 4 G Ground.
A2 5 I Address select. Connect to GND or VDD.
A1 6 I Address select. Connect to GND or VDD.
A0 7 I Address select. Connect to GND or VDD.
VDD 8 P Supply voltage, 1.4V to 5.5V.

1. I =input, O = Output, IO=input and output, P = power, G = Ground,.

GD30TS076C Rev1.0
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5 Parameter Information
5.1 Absolute Maximum Ratings
Exceeding the operating temperature range (unless otherwise noted)’
SYMBOL PARAMETER MIN MAX UNIT
VDD Power supply -0.3 6 \%
Vio Voltage at SCL, SDA, ALT, A2, A1 and AO -0.3 6 \%
Ty Junction temperature -55 150 °C
Tstg Storage temperature -60 150 °C

1. Over operating free-air temperature range (unless otherwise noted). Stresses beyond those listed under Absolute

Maximum Ratings may cause permanent damage to the device.

5.2 Recommended Operation Conditions

SYMBOL' PARAMETER MIN TYP MAX UNIT
VDD Supply voltage 14 3.3 5.5 \Y,
Ta Operating Temperature Range -55 125 °C
1. Unless otherwise stated, over operating free-air temperature range.
5.3 Electrical Sensitivity
SYMBOL CONDITIONS VALUE UNIT
VESD(HBM) Human-body model (HBM), ANSI/ESDA/JEDEC JS-001-2017" +8000 \Y
VEsp(com) Charge-device model (CDM), ANSI/ESDA/JEDEC JS-002-20222 +1400 \%

1. JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
2. JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

5.4 Electrical Characteristics

At Ta=-40°C to +125°C and VDD = 1.4 V to 5.5 V, unless otherwise noted. Typical values at Ta= 25°C and VDD

=1.8V.
SYMBOL PARAMETER CONDITIONS MIN TYP MAX | UNIT
VDD Power Supply Voltage 14 3.3 5.5 \%
lo Quiescent Current Serial bus inactive 15 30 A
Isp Shutdown Current Serial bus inactive 0.3 6 A
tcon Conversion Time 26 35 ms
Update Rate 80 ms
-25°C to +55°C +0.4 0.6 °C
Tacc Temperature Accuracy
-55°C to +125°C +0.6 +1.0 °C
Supply Voltage Sensitivity -40°C to +125°C 0.1 °CIV
0.0625 °C
ADC Resolution
12 Bits
GD30TS076C Rev1.0 Copyright © 2024, GigaDevice Semiconductor Inc. 4
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Electrical Characteristics(continued)

At Ta=-40°C to +125°C and VDD = 1.4 V to 5.5 V, unless otherwise noted. Typical values at Ta= 25°C and VDD

=1.8V.
SYMBOL PARAMETER CONDITIONS MIN TYP MAX | UNIT
Repeatability +1 LSB
faus Bus Frequency Fast mode 0.001 0.4 MHz
trime_out Bus Timeout Time 18 20 26 ms
ViH Input Logic High Level 0.7 x Vbp Vbb \Y,
Vi Input Logic Low Level -0.3 0.3 x Vb \Y,
Vbp 2 2V, loL = 3mA 0.4
VoL Output Logic Low Level \%
Vbbp < 2V, loL = 3mA 0.2 x Vobp
GD30TS076C Rev1.0 Copyright © 2024, GigaDevice Semiconductor Inc. 5

Datasheet

All Rights Reserved.



GigaDevice www.gigadevice.com

GD30TS076C

5.5 Typical Characteristics

Temperature Error vs. Temperature (3.3V, MSOP-8 Package)
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6 Functional Description

6.1 Temperature Output

The 12bit digital output of each temperature measurement is saved in a read-only temperature register, where 1
LSB = 0.0625°C and negative numbers are represented in binary complement form. When powered on or reset,
the GD30TS076C's temperature register is initialized to 0x0000 until the next temperature conversion is complete.
Unused bits in the temperature register are always read as 0. A specific example is shown in Table 1.

Getting the temperature output requires reading two bytes, where byte 1 is a high significant byte (MSB), followed
by byte 2 is a low significant byte (LSB). The left-justified high 12 bits are used to indicate temperature. If a
temperature resolution of less than 1 °C is not required, the user can choose not to read bytes 2.

Table 1. Temperature Data Format

TEMPERATURE (°C) BINARY HEX
128 0111 1111 1111 0000 0x7FFO
127.9375 0111 1111 1111 0000 0x7FFO
100 0110 0100 0000 0000 0x6400
80 0101 0000 0000 0000 0x5000
75 0100 1011 0000 0000 0x4B00
50 0011 0010 0000 0000 0x3200
25 0001 1001 0000 0000 0x1900
0.25 0000 0000 0100 0000 0x0040
0 0000 0000 0000 0000 0x0000
-0.25 1111 1111 1100 0000 0xFFCO
-25 1110 0111 0000 0000 0xE700
-55 1100 1001 0000 0000 0xC900

1. Table 1 does not provide data formats for all temperatures.

GD30TS076C Rev1.0
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6.2 Register Map

The GD30TS076C internal register stack consists of four 16-bit registers, and the mapping is shown in Table 2.

Table 2. Pointer Address

POINTER REGISTER TYPE RESET VALUE
0x00 Temperature R 0x0000
0x01 Configuration R/W 0x00CO0
0x02 Low Limit R/W 0x4B00
0x03 High Limit R/W 0x5000
0x04 One-Shot - -

1. R/W=Read/Write; R=Read only; W=Write only; -n=value after reset.
Table 3. Temperature Register (pointer=0h)
BIT 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
Binary | T11 | T10 | T9 T8 T7 T6 T5 T4 T3 T2 T TO - - - -
Default | sign | 64 32 16 8 4 2 1 21 272 23 24 - - - -
Type R R R R R R R R R R R R R R R R
1. R/W=Read/Write; R=Read only; W=Write only; - =value after reset.

Table 4. Temperature Low Limit Register(TLow)

BIT 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
Binary | L11 | L10 | L9 L8 L7 L6 L5 L4 L3 L2 L1 Lo 0 0 0
Default| 0 1 0 0 1 0 1 1 0 0 0 0 - - - -

Type |RW |RW |RW | RW | RW |RW | RW | RW | RWW | RW | RW | RW | R R R R

1. LEGEND: R/W=Read/Write; R=Read only; W=Write only; - =value after reset

Table 5. Temperature High Limit Register(Thicn)

BIT 15 | 14 | 13 | 12 1" 10 9 8 7 6 5 4 3 2 1 0
Binary | H11 | H10 | H9 H8 H7 H6 H5 H4 H3 H2 HA1 HO 0 0 0
Default| 0 1 0 1 0 0 0 0 0 0 0 0 - - - -

Type |RW |RW | RW | RW | RW | RW | RW | R'W | R'W | RIW | RIW | RIW R R R R

1. LEGEND: R/W=Read/Write; R=Read only; W=Write only; - =value after reset

Table 6. Configuration Register
BIT 15 | 14 | 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
Binary - - OS | FQ1 | FQ0 | POL | T™M SD - - - - - - - -
Default| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Type R R RW | RW | RW | R\W | RW | RIW R R R R R R R R
1. LEGEND: R/W=Read/Write; R=Read only; W=Write only; - =value after reset

GD30TS076C Rev1.0 Copyright © 2024, GigaDevice Semiconductor Inc. 8
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Table 7. Configuration Register Description

Field

Description

Reserved bits

Write 0 to these bits on configuration register update.

(ON]

One-Shot control
SD=0 & OS=0 : continuous mode (default)

SD=0 & OS=1 : one-shot mode; writing any value to the one-shot register initiates a conversion.

SD=1 & OS=x : shutdown mode; the status of the OS bit has no effect.

FQ

Fault queue to trigger the ALT pin
FQ=0h : 1 fault (default)

FQ=1h: 2 fault

FQ=2h : 4 fault

FQ=3h : 6 fault

POL

ALT polarity control
POL=0 : ALT is active low (default)
POL=1 : ALT is active high

™

ALT thermostat mode control
TM=0 : ALT is in comparator mode (default)
TM=1 : ALT is in interrupt mode

SD

Shutdown control
SD=0 : Device is in continuous mode (default)

SD=1 : Device is in shutdown mode

GD30TS076C Rev1.0
Datasheet
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6.3 Functional Modes

6.3.1 Continuous Mode

The default mode of the GD30TS076C is continuous conversion, where the ADC performs continuous
temperature conversions and stores each result to the Temperature register, overwriting the result from the
previous conversion. The typical conversion rate of GD30TS076C is 12Hz, with 80ms between the start of each
consecutive conversion. The GD30TS076C has a typical conversion time of 26ms. To achieve its conversion rates,
the GD30TS076C makes a conversion, and then powers down and waits for a delay 54ms.

After power-up, the GD30TS076C immediately starts a conversion, as shown in Figure 1. The first result is
available after 26ms (typical). The active quiescent current during conversion is 40uA (typical at +25°C). The
quiescent current during delay is 3uA (typical at +25°C).

H 40uA : H 40uA H

3uA

i— 26ms—rie¢—— S54ms——>i¢— 26ms—>

Figure 1. Conversion Diagram

6.3.2 Shutdown Mode

The shutdown mode saves maximum power by shutting down all device circuitry other than the serial interface,
and reduces current consumption to typically less than 0.3pA. Shutdown mode is enabled when the SD bit in the
configuration register is set to 1; the device shuts down and terminates a conversion if it is ongoing.

6.3.3 One-Shot Mode

The GD30TS076C features a one-shot temperature measurement mode. When the device is in continuous
conversion (SD = 0), writing a 1 to the OS bit enables One-shot mode, where any write to the one-shot register
triggers a single temperature conversion. The device returns to the shutdown state at the completion of the single
conversion, and a subsequent write to the one-shot register triggers another single conversion followed by a return
to shutdown state. This mode reduces power consumption in the GD30TS076C when continuous temperature
monitoring is not required.

When the device is in complete shutdown (SD = 1), the one-shot mode is not active regardless of the state of the

OS bit, and a write to the one-shot register has no effect.

6.4 Over-Temperature Alarm

6.4.1 Comparator Mode

The GD30TS076C defaults to comparator mode. In this mode, the ALT pin becomes active when the temperature
is equal to or exceeds the value in TicH for a consecutive number of conversions as set by the FQ bits of the
configuration register. ALT clears when the temperature falls below TLow for the same consecutive number of
conversions. The difference between the two limits acts as a hysteresis on the comparator output, and a fault

GD30TS076C Rev1.0 Copyright © 2024, GigaDevice Semiconductor Inc. 10
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counter prevents false ALTs as a result of environmental noise.

6.4.2 Interrupt Mode

In this mode, the ALT pin becomes active when the temperature equals or exceeds the value in TricH for a
consecutive number of fault conditions. The ALT pin remains active until a read operation of any register occurs.
After the ALT pin is cleared, this pin becomes active again only when temperature falls below TLow for a
consecutive number of fault conditions, and remains active until cleared by a read operation of any register. The
cycle repeats with the ALT pin becoming active when the temperature equals or exceeds ThicH, and so on. The
ALT pin is cleared also when the device is placed in shutdown mode. This action also clears the fault counter
memory.

The operation of the ALT pin in the various modes is illustrated in Figure 2.

Measured
Temperature

ALT pin r 1 —
(Comparator Mode)

ALT pin i i i
(Interrupt Mode) | | |

DA DA DA
Read Read Read

Figure 2. ALT Pin Modes of Operation

6.5 Serial Interface

6.5.1 Bus Overview

12C/SMBus is a two-wire serial communication interface supporting multi-master and multi-slave. The device that
initiates the communication is called the master, and the device controlled by the master is called the slave. The
master is responsible for generating the serial clock (SCL) and controlling the bus access.

Data transfer is sent over eight clock pulses followed by an acknowledge bit. During data transfer, SDA must
remain stable when SCL is high because any change in SDA while SCL is high is interpreted as a START or STOP
conditions. Parameters for Figure 3 are defined in Table 8.

Table 8. Timing Diagram Requirements

FAST MODE UNIT
SYMBOL PARAMETER
MIN MAX
fscL SCL operating frequency 1 400 kHz
tsu:sTa Repeated START condition setup time 0.6 us
GD30TS076C Rev1.0 Copyright © 2024, GigaDevice Semiconductor Inc. 11
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SYMBOL PARAMETER FAST MODE UNIT
MIN MAX

tHD:sTA Repeated START condition hold time 0.6 us
tsu:sto STOP condition setup time 0.6 us
tBuF Bus free time between STOP and START 13 us
tsu:paT Data setup time 0.1 us
tHD:DAT Data hold time 0 us
tHiG SCL clock high period 0.6 us
tLow SCL clock low period 1.3 us

tr Clock and data rise time 300 ns

tr Clock and data fall time 300 ns

Repeated

Vn=0:1Voo START

Vii=0.3Vpp meeccccccno 1

SDA /‘ g
N

tsu:sTo tsussTa

Figure 3. Two-Wire Timing Diagram

6.5.2 Serial Bus Address

The GD30TS076C features three address pins that allow up to eight devices to be addressed on a single bus.
Table 2 describes the pin logic levels and the corresponding address values. It is crucial for the logic level of the
address pin to remain consistent throughout communication in order to avoid potential failures. The address pin
must be connected either to VDD or GND and should not be left in a suspended state.

The slave address byte consists of seven address bits, and a direction bit indicating the intent of executing either
a read or write operation. All data bytes are transmitted MSB first.

Table 9. Address Pin Connections and Slave Addresses

A2 A1 A0 DEVICE TWO-WIRE ADDRESS
GND GND GND 0x90 (write), 0x91 (read)
GND GND VDD 0x92 (write), 0x93 (read)
GND VDD GND 0x94 (write), 0x95 (read)
GND VDD VDD 0x96 (write), 0x97 (read)
VDD GND GND 0x98 (write), 0x99 (read)
VDD GND VDD 0x9A (write), 0x9B (read)
VDD VDD GND 0x9C (write), 0x9D (read)
VDD VDD VDD 0x9E (write), Ox9F (read)
GD30TS076C Rev1.0 Copyright © 2024, GigaDevice Semiconductor Inc. 12
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6.5.3 Writing and Reading Operation

Accessing a particular register on the GD30TS076C is accomplished by writing the appropriate value to the pointer
register. The value for the pointer register is the first byte transferred after the slave address byte with the R/W bit
low. Every write operation to the GD30TS076C requires a value for the pointer register (see Figure 4).

When reading from the GD30TS076C, the last value stored in the pointer register by a write operation is used to
determine which register is read by a read operation. To change the register pointer for a read operation, a new
value must be written to the pointer register. This action is accomplished by issuing a slave address byte with the
R/W bit low, followed by the pointer register byte. No additional data are required. The master can then generate
a start condition and send the slave address byte with the R/W bit high to initiate the read command. See Figure
5 for details of this sequence. If repeated reads from the same register are desired, there is no need to continually
send the pointer register bytes because the GD30TS076C stores the pointer register value until it is changed by
the next write operation.

Note that register bytes are sent with the most significant byte first, followed by the least significant byte.

SCL - 1 8 9 1 8 9
SDA
\ 1\o of1Yafa)fa)oiakio o o o o o [PLfPro]axk
S-T-AET \¢———————— Slave Address (write) Pointer
1 8 9 | 1 8 9 I :
spA [ 1514 D13 ) p12 fo11 [ oo ) o § ps Ack‘D?XD6XD5XD4XD3XD2XD1XDO Ack ,
i¢——— Data (MSBY) Data (LSB)——>! sToP
Figure 4. Two-wire Write Command Timing Diagram
GD30TS076C Rev1.0 Copyright © 2024, GigaDevice Semiconductor Inc. 13
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SCL -

SDA

1\ o of1Ymfa)fa) o

o 0o 0 o0 O‘P1XPO Ackl

:4———————— Slave Address (write)

Pointer

1\o ofa1Yafamfa])1

Ack x D15 x D14 x D13 x D12 x D11 x D10x D9 x D8 | Ack

Repeated
START

SCL

SDA

‘&= S|ave Address (read)

1 8

p7 [ o6 f ps f'ba L D3 | o2 X b1 | Do

Data (MSB)

9 H
Il Il Il Il Il Il Il Il Il I I:Ifrommastertoslave

«——————— Data (LSB)}———>

Figure 5. Two-wire Read Command Timing Diagram

6.5.4 Time-Out Function

The GD30TS076C resets the serial interface if SCL or SDA are held low for 20ms (typ) between a start and stop
condition. If the GD30TS076C is pulled low, it releases the bus and then waits for a start condition. To avoid
activating the timeout function, it is necessary to maintain a communication speed of at least 1kHz for the SCL

operating frequency.

GD30TS076C Rev1.0
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7 Application Information

The following contents are the precautions for GD30TS076C recommended by GigaDevice in practical
applications. Customers are responsible for determining suitability of components for their purposes. Customers
should validate and test their design implementation to confirm system functionality.

7.1 Remote Temperature Probe Selection

The GD30TS076C has an extremely low average power consumption, so an RC filter circuit can be added to the
power supply pin to further reduce the impact of power supply noise. As shown in Figure 6, the resistance must
be less than 1kQ, the capacitance must be greater than 0.1uF, and the power supply voltage cannot be lower
than 1.4V.

1.4V~5.5V

< 1kQ
&— sbA  vDD
I

> 0.1uF
G—— SCL A0
G—— ALT Al

GND A2
L] 1

=

Figure 6. Typical Connections of the GD30TS076C

GD30TS076C Rev1.0 Copyright © 2024, GigaDevice Semiconductor Inc. 15
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8 Layout Guidelines and Example

Place the device as far away as possible from noise sources such as high-speed digital buses, coil elements and
wireless antennas. Place the power-supply bypass capacitor as close as possible to the supply and ground pins.
The recommended value of this bypass capacitor is 0.1uF. For severe noise environments, GD recommends the
use of multiple different capacitance values in parallel, such as 1uF+0.1uF+0.01pF, etc., so as to filter out digital
noise in multiple frequency ranges.

Place the device in close proximity to the heat source that must be monitored, with a proper layout for good
thermal coupling. This placement verifies that temperature changes are captured within the shortest possible time
interval. The average power consumption is extremely low, and the self-heating effect is negligible.
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9 Package Information

9.1 Outline Dimensions

MSOP-8 Package Outline
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NOTES:
1. All dimensions are in millimeters.

2. Package dimensions does not include mold flash, protrusions, or gate burrs
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NOTES: (Continued)

1. All dimensions are in millimeters.
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DFN-8 Package Outline
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NOTES: (Continued)
1. All dimensions are in millimeters.
GD30TS076C Rev1.0 Copyright © 2024, GigaDevice Semiconductor Inc. 19

Datasheet All Rights Reserved.



€

GigaDevice www.gigadevice.com GD30TS076C
10 Ordering Information
Ordering Code Package Type ECO Plan | Packing Type MoQ OP Temp(°C)
GD30TS076CWGTR-I SOP-8 Green Tape & Reel 4000 -55°C to +125°C
GD30TS076CWMTR-I MSOP-8 Green Tape & Reel 4000 -55°C to +125°C
GD30TS076CWETR-I DFN-8 Green Tape & Reel 4000 -55°C to +125°C
GD30TS076C Rev1.0 Copyright © 2024, GigaDevice Semiconductor Inc. 20
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11 Revision History

REVISION NUMBER DESCRIPTION DATE

1.0 Initial release and device details 2024
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Important Notice

This document is the property of GigaDevice Semiconductor Inc. and its subsidiaries (the "Company"). This document,
including any product of the Company described in this document (the “Product”), is owned by the Company according to the
laws of the People’s Republic of China and other applicable laws. The Company reserves all rights under such laws and no
IntellectpAl Property Rights are transferred (either wholly or partially) or licensed by the Company (either expressly or impliedly)
herein. The names and brands of third party referred thereto (if any) are the property of their respective owner and referred to
for identification purposes only.

The Company makes no representations or warranties of any kind, express or implied, with regard to the merchantability
and the fitness for a particular purpose of the Product, nor does the Company assume any liability arising out of the application
or use of any Product described in this document. Any information provided in this document is provided only for reference
purposes. It is the sole responsibility of the user of this document to determine whether the Product is suitable and fit for its
applications and products planned, and properly design, program, and test the functionality and safety of its applications and
products planned using the Product. Unless otherwise expressly specified in the datasheet of the Product , the Product is
designed, developed, and/or manufactured for ordinary business, industrial, personal, and/or household applications only, and
the Product is not designed or intended for use in (i) safety critical applications such as weapons systems, nuclear facilities,
atomic energy controller, combustion controller, aeronautic or aerospace applications, traffic signal instruments, pollution
control or hazardous substance management; (ii) life-support systems, other medical equipment or systems (including life
support equipment and surgical implants); (iii) automotive applications or environments, including but not limited to applications
for active and passive safety of automobiles (regardless of front market or aftermarket), for example, EPS, braking, ADAS
(cameralfusion), EMS, TCU, BMS, BSG, TPMS, Airbag, Suspension, DMS, ICMS, Domain, ESC, DCDC, e-clutch, advanced-
lighting, etc.. Automobile herein means a vehicle propelled by a self-contained motor, engine or the like, such as, without
limitation, cars, trucks, motorcycles, electric cars, and other transportation devices; and/or (iv) other uses where the failure of
the device or the Product can reasonably be expected to result in personal injury, death, or severe property or environmental
damage (collectively "Unintended Uses"). Customers shall take any and all actions to ensure the Product meets the applicable
laws and regulations. The Company is not liable for, in whole or in part, and customers shall hereby release the Company as
well as its suppliers and/or distributors from, any claim, damage, or other liability arising from or related to all Unintended Uses
of the Product. Customers shall indemnify and hold the Company, and its officers, employees, subsidiaries, affiliates as well
as its suppliers and/or distributors harmless from and against all claims, costs, damages, and other liabilities, including claims
for personal injury or death, arising from or related to any Unintended Uses of the Product.

Information in this document is provided solely in connection with the Product. The Company reserves the right to make
changes, corrections, modifications or improvements to this document and the Product described herein at any time without
notice. The Company shall have no responsibility whatsoever for conflicts or incompatibilities arising from future changes to
them. Information in this document supersedes and replaces information previously supplied in any prior versions of this

document.
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