Multichannel ADC, DACs
and Temperature Sensors
with 12C & SPI Interface

NCD9812

Introduction

The NCD9812 is a serially programmable voltage and temperature
monitor. It can monitor its on chip temperature via its local sensor, and
two remotely connected diodes and also voltage, via 16 analog inputs.
Four of these analog inputs can be programmed to be differential type
inputs. By default, they are all single ended inputs. Multiple 12 bit
DAC:s allow for voltage control on 12 pins. Eight GPIO pins allow
digital control and monitoring. An /ALERT output is also available to
signal out—of-limit conditions.

Communication with the NCD9812 is accomplished via an 12C
interface which is compatible with industry standard protocols or a 4
wire SPI interface. Both interfaces are available on this part. Through
these interfaces the NCD9812s internal registers may be accessed.
These registers allow the user to read the current temperature and input
voltages, change the configuration settings, adjust each channels
limits and set set the output DAC voltages on each of the 12 channels
available.

The NCD9812 is available in a 64—lead QFN package and 64-lead
TQFP operates over a temperature range of —40 to +125°C.

Features

® On-chip Temperature Sensor
(+2.5°C Accuracy)

® 2 Remote Temperature Sensors
(£3.5°C Accuracy)

® 16 Analog Voltage Inputs (12 bit).
2 Differential and 12 Single Ended

® 12,12 bit DAC Output Channels

¢ OVtos5V

8 Digital GPIO Pins

2.5 V Internal Reference

Power Saving Shutdown Mode

SPI and I2C Interface

Package Type:

+ 64-lead QFN

¢ 64-lead TQFP
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Figure 1. Functional Block Diagram of NCD9812
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Table 1. PIN FUNCTION DESCRIPTION
Pin No. Pin Name Description

1 /RESET Active low reset input. A hardware reset is performed when a logic low is seen on this pin.

2 /DAV Data available. Active low output. In direct mode, this pin goes low when the conversion ends. In
auto mode, a 1 us pulse appears on this pin when the conversion cycle finishes. /DAV stays high
when inactive.

3 /CNVT External Conversion Trigger. Active Low. The falling edge starts the sampling and conversion of the
ADC.

4 SDI / SDA Serial Data Input in SPI mode. Serial Data Input/Output in I2C mode.

5 SCLK/SCL Serial Clock Input for SPI and 12C interfaces

6 DGND Digital Ground. This is the ground pin for all the digital circuitry.

7 IOVpp Interface supply rail.

8 DVpp Power Supply. Can be powered from a supply in the range 3V to 5V.

9 /CS/ADDO Chip Select. Slave transmit enable in SPI mode — active low. Address selection pin for 12C mode.
Can be tied high or low to give multiple address options.

10 SDO/ADD1 Serial Data Out in SPI mode. Address selection pin for 2C mode. Can be tied high or low to give
multiple address options.

11 ADD2 Address selection pin for I2C mode. Can be tied high or low to give multiple address options.

12 BUS_SEL Selects 12C or SPI interface. BUS_SEL = DGND selects I°C; BUS_SEL = Vpp selects SPI.

13 GPIOO Programmable general purpose digital input or output. Requires pull up resistor.

14 GPIO1 Programmable general purpose digital input or output. Requires pull up resistor.

15 GPIO2 Programmable general purpose digital input or output. Requires pull up resistor.

16 GPIO3 Programmable general purpose digital input or output. Requires pull up resistor.

17 /DAC-CLR-0 DAC clear control signal, digital input, active low. When low, all DACs associated with the DAC-
CLR-0 pin enter a clear state, the DAC Latch is loaded with predefined code, and the output is set
to the corresponding level. However, the DAC-Data Register does not change. When the DAC
goes back to normal operation, the DAC Latch is loaded with the previous data from the DAC-Data
Register and the output returns to the previous level, regardless of the status of the SLDAC-n bit.
When this pin is high, the DACs are in normal operation.

18 VouTtbd Analog Output.

19 VouTt4 Analog Output.

20 Vout3 Analog Output.

21 AGND4 Analog Ground

22 AGND3 Analog Ground

23 AVceo Power rail for Vout0, Vout1, VouTt2, VouT3, VouT4, VouTd- Must be tied to AVgcy.

24 VouTt2 Analog Output.

25 VouTl Analog Output.

26 Vout0 Analog Output.

27 D1-/GPIO6 Negative Connection to Remote Temperature Sensor. Can be re—configured as a bi-directional
GPIO pin (requires pull up resistor).

28 D1+/GPIO7 Positive Connection to Remote Temperature Sensor. Can be re-configured as a bi-directional
GPIO pin (requires pull up resistor).

29 D2-/GPIO4 Negative Connection to Remote Temperature Sensor. Can be re—configured as a bi-directional
GPIO pin (requires pull up resistor).

30 D2+/GPIO5 Positive Connection to Remote Temperature Sensor. Can be re-configured as a bi-directional
GPIO pin (requires pull up resistor).

31 ADC-REF-IN/CMP External ADC reference input when external Vyer is used to drive ADC. Compensation capacitor
connection when internal Vygg is used to drive ADC.

32 ADC-GND ADC ground. Must be connected to AGND.

33 V|iNO Analog Input. Programmable as single ended or differential input.

www.onsemi.com
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Table 1. PIN FUNCTION DESCRIPTION

Pin No. Pin Name Description

34 VN1 Analog Input. Programmable as single ended or differential input.

35 VN2 Analog Input. Programmable as single ended or differential input.

36 VNS Analog Input. Programmable as single ended or differential input.

37 Ving Analog Input. Single Ended input.

38 VNS Analog Input. Single Ended input.

39 VNG Analog Input. Single Ended input.

40 VN7 Analog Input. Single Ended input.

41 VN8 Analog Input. Single Ended input.

42 VN9 Analog Input. Single Ended input.

43 V|N10 Analog Input. Single Ended input.

44 VN1 Analog Input. Single Ended input.

45 Vin12 Analog Input. Single Ended input.

46 VN3 Analog Input. Single Ended input.

47 Vin14 Analog Input. Single Ended input.

48 VN5 Analog Input. Single Ended input.

49 AVpp1 Analog Power Supply.

50 AVppo Analog Power Supply.(Must be connected to AVDD1)

51 VouTt6 Analog Output.

52 Vout? Analog Output.

53 Vout8 Analog Output.

54 AGND1 Analog Ground.

55 AGND2 Analog Ground.

56 AVcct Power rail for Voyt6, Vout7, Voutd, VouT9, VouT10, Vout11. Must be tied to AVgeo.

57 REF-OUT Internal Reference Output which is internally shorted with REF-DAC pin

58 REF-DAC DAC reference is internally supplied through ADC internal reference.

59 VouT9 Analog Output.

60 VouTt10 Analog Output.

61 VouTl1 Analog Output.

62 /ALERT Open-Drain Logic Output Used as Interrupt. Active low output. Pulled low when one or more of the
measurement channels are out of range.

63 /DAC-CLR-1 DAC clear control signal, digital input, active low. When low, all DACs associated with the DAC-
CLR-1 pin enter a clear state, the DAC Latch is loaded with predefined code, and the output is set
to the corresponding level. However, the DAC-Data Register does not change. When the DAC
goes back to normal operation, the DAC Latch is loaded with the previous data from the DAC-Data
Register and the output returns to the previous level, regardless of the status of the SLDAC-n bit.
When this pin is high, the DACs are in normal operation.

64 DGND2 Digital Ground.
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Table 2. ABSOLUTE MAXIMUM RATINGS
Rating Value Units

AVpp to GND -0.3t0 +6 \Y
DVpp to GND -0.3t0 +6 \Y
10Vpp to GND -0.3t0 +6 \Y
AVgc to GND -0.3t0 +6 \Y
DVpp to DGND -0.3t0 +6 Vv
Analog input voltage to GND -0.3to AVpp + 0.3 \%
/ALERT, GPIO0-3. SCLK/SCL, and SDI/SDA to GND -0.3t0 +6 \Y
D1+/GPI04, D1-/GPIO5, D2+/GP106, D2-/GPIO7 to GND -0.3VtoAVpp + 0.3 \Y
Digital input voltage to DGND -0.3VtolOVpp + 0.3 \'%
SDO and /DAV to GND -0.3VtolOVpp + 0.3 \Y
Operating Temperature Range -40to +125 °C
Storage Temperature Range -40to 150 °C
Junction Temperature Range +150 °C
ESD Capability, Human Body Model (Note 2) 2500 \%
ESD Capability, Charged Device Model (Note 2) 1000 \%
ESD Capability, Machine Model (Note 2) 150 \%

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.
1. Refer to ELECTRICAL CHARACTERISTICS and APPLICATION INFORMATION for Safe Operating Area.
2. This device series incorporates ESD protection and is tested by the following methods:
ESD Human Body Model tested per AEC-Q100-002 (EIA/JESD22-A114)
ESD Machine Model tested per AEC-Q100-003 (EIA/JESD22-A115)

Table 3. THERMAL CHARACTERISTICS

Rating Symbol Value Units

Thermal Characteristics, QFN-64 (Note 3) °C/W
Thermal Resistance, Junction-to-Air (Note 4) Rosa TBD
Thermal Reference, Junction-to-Lead2 (Note 4) Rua TBD

3. Refer to ELECTRICAL CHARACTERISTICS and APPLICATION INFORMATION for Safe Operating Area.
4. As measured using a copper heat spreading area of 650 mm2 (or 1 in?), of 1 0z copper thickness.

www.onsemi.com
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Table 4. ELECTRICAL CHARACTERISTICS
All specifications for -40°C to +105°C, AVpp = DVpp = 4.5V t0 5.5V, AV¢c = +5V, AGND = DGND = 0V, IOVpp = 2.7V to 5.5V, DAC

output = 0V to 5V, unless otherwise noted.

Parameter Test Conditions | Min Typ | Max | Units
DAC Performance
DAC DC Accuracy
Resolution Guaranteed by design 12 Bits
INL (Relative Accuracy) Measured by line passing through codes 5 LSB
020h and FFFh. Tp = 25°C
DNL (Differential Nonlinearity) 12-bit monotonic, measured by line passing +0.3 5 LSB
through codes 020h and FFFh
TUE (Total Unadjusted Error) Ta = +25°C, DAC output = 5.0V +10 mV
Ta = +25°C, DAC output = 12.5V +30 mV
Offset error Ta = +25°C, DAC output = 5.0V code 020h 15 mV
Ta = +25°C, DAC output = 12.5V code 020h +10 mV
Offset error temperature coefficient +1 ppm/°C
Gain error External reference, output =0V to +5V +0.025 +0.15 %FSR
Ta =25°C
Gain temperature coefficient +2 ppm/°C
DAC Output Characteristics
Output voltage range VRer = 2.5V, gain = 2 0 5 \%
Output voltage settling time DAC output = 0V to +5V, code 400h to code 10 us
CO00h, to 1/2 LSB, from /CS rising edge,
Ri = 2kQ, C_ = 200pF
Slew rate 2.3 V/us
Short-circuit current Full-scale current shorted to ground 30 mA
Load current Source and/or sink within 200mV of supply +10 mA
Capacitive load stability RL= 50 nF
DC output impedance Code 800h 10 Q
Power-on overshoot AVgc 0 to 5V, 2ms ramp 5 mV
Digital-to—analog glitch energy Code changes from 7FFh to 800h, 800h to 18 nV-s
7FFh
Digital feedthrough Device is not accessed 0.15 nV-s
Output noise Ta = +25°C, at 1kHz, code 800h, gain = 2, 93 nV/NHz
excludes reference
F = 0.1Hz to 10Hz, excludes reference 61 uVpp
Internal Reference
Output voltage Ta = +25°C, REF-OUT pin 2.495 2.5 2.505 \%
Output Impedance 600 Q
Reference temperature coefficient 10 25 ppm/°C
ADC Performance
ADC DC Accuracy (for AVpp = 5V)
Resolution Guaranteed by design 12 Bits
INL (Integral nonlinearity) +0.5 +1 LSB
DNL (Differential nonlinearity) +0.5 +1 LSB
Single Ended Mode
Offset error +1 5 LSB

www.onsemi.com
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Table 4. ELECTRICAL CHARACTERISTICS
All specifications for -40°C to +105°C, AVpp = DVpp = 4.5V to 5.5V, AVgg = +5V, AGND = DGND = 0V, IOVpp = 2.7V to 5.5V, DAC
output = 0V to 5V, unless otherwise noted.

Parameter Test Conditions Min Typ Max Units
Offset error match +1 LSB
Gain error External reference 3.5 7.5 LSB
Gain error match +2 LSB

Differential Mode

Gain error External reference, 0V to (2xVRer) mode, +3 +13 LSB
Vom = 2.5V
External reference, OV to VRgg mode, +3 +11 LSB
Vom = 1.25V

Gain error match +3 LSB

Zero code error 0V to (2xVReg) mode, Vg = 2.5V +1 +3 LSB
External reference, OV to VRgg mode, +1 +3 LSB
Vem = 1.25V

Zero code error match +1.5 LSB

Common mode rejection DC, 0V to (2xVRer) mode 67 dB

Sampling Dynamics

Conversion rate External single analog channel, auto mode 500 kSPS
External single analog channel, direct mode 167 kSPS

Conversioin time External single analog channel 2 us

Autocycle update rate All 16 single ended inputs enabled 32 us

Throughput rate SPI clock 12 MHz or greater, single analog 500 kSPS
channel

Analog Input

Full scale input voltage Single ended, 0V to VRgr mode 0 VRer \%
Single ended, 0V to (2xVrgr) mode 0 2XVREF \%
V N+ — VINS, fully differential, OV to VRer -VRep +VREF \%
mode
V N+ — VINS, fully differential, OV to (2xVRer) | —-2XVRer +2XVREF \%
mode

Absolute input voltage 0V to VRer mode GND -0.2 A\ng + \%

Input capacitance 40 pF

DC input leakage current Unselected ADC input +10 uA

ADC Reference Input

Reference input voltage range 1.2 AVpp \%

Input current VReF = 2.5V 10 uA

Internal ADC Reference Buffer

Offset Ta = +25°C | | | +5 | mv

Internal Temperature Sensor

Operating range -40 +125 °C

Accuracy AVpp =5V, Tp = -40°C to +125°C +1.25 125 °C
AVpp = 5V, Ta = 0°C to +100°C 1.5 °C

Resolution Per LSB, Guaranteed by design 0.125 °C

Conversion rate External temperature sensors are disabled 15 ms

www.onsemi.com
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Table 4. ELECTRICAL CHARACTERISTICS
All specifications for -40°C to +105°C, AVpp = DVpp = 4.5V to 5.5V, AVgg = +5V, AGND = DGND = 0V, IOVpp = 2.7V to 5.5V, DAC

output = 0V to 5V, unless otherwise noted.

Parameter Test Conditions | Min | Typ Max | Units
External Temperature Sensor (using 2N3906 external transistor)
Operating range -40 +150 °C
Accuracy AVpp = 5V, Ta = 0°C to +100°C, +2 °C
Tp = -40°C to +150°C
AVpp = 5V, Ta = -40°C to +100°C, +3.5 °C
Tp = -40°C to +150°C
Resolution Per LSB, Guaranteed by design 0.125 °C
Conversion rate per sensor With resistance cancellation (RC=1) 72 93 100 ms
With resistance cancellation (RC=0) 33 44 47 ms
Digital Logic: /ALERT, /CS, ADD and GPIO
V|4 (Input high voltage) IOVpp = +5V 21 0.3 + \%
IOVpp
IOVpp = +3.3V 2.1 03+ v
IOVpp
VL (Input low voltage) IOVpp = +5V/3.3V, all other pins -0.3 0.8 \%
IOVpp = +5V/3.3V, CS pin only -0.3 0.6 \Y
VoL (Output low voltage) IOVpp = +5V, sinking 5 mA 0.8 \%
IOVpp = +3.3V, sinking 2 mA 0.8 \Y
High impedance leakage 7 uA
High impedance output capacitance 10 pF
Digital Logic: All except SCL, SDA, /ALERT, /CS, ADD and GPIO
V)4 (Input high voltage) IOVpp = +5V 2.3 0.3 + \%
IOVpp
IOVpp = +3.3V 2.3 03+ v
IOVpp
VL (Input low voltage) IOVpp = +5V -0.3 0.8 \%
IOVpp = +3.3V -0.3 0.8 \Y
Input current +1 uA
Input capacitance 5 pF
Von (Output high voltage) IOVpp = +5V, sourcing 3 mA 4.8 \%
IOVpp = +3.3V, sourcing 3 mA 2.9 \%
VoL (Output low voltage) IOVpp = +5V, sinking 3 mA 0.4 \%
IOVpp = +3.3V, sinking 3 mA 0.4 \%
High impedance leakage +5 uA
High impedance output capacitance 10 pF
Digital Logic: SDA, SCL
V4 (Input high voltage) IOVpp = +5V 2.1 0.3+ \Y
IOVpp
IOVpp = +3.3V 2.1 0.3+ \Y,
IOVpp
VL (Input low voltage) IOVpp = +5V -0.3 0.8 \%
IOVpp = +3.3V -0.3 0.8 \Y,

www.onsemi.com
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All specifications for -40°C to +105°C, AVpp = DVpp = 4.5V to 5.5V, AVgg = +5V, AGND = DGND = 0V, IOVpp = 2.7V to 5.5V, DAC

output = 0V to 5V, unless otherwise noted.
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Parameter Test Conditions Min Typ Max Units
Input current 15 uA
Input capacitance 5 pF
VoL (Output low voltage) IOVpp = +5V, sinking 3mA 0 0.4 \%
IOVpp = +3.3V, sinking 3mA 0 0.4 \Y
High impedance leakage 5 uA
High impedance output capacitance 10 pF
Power on delay From AVpp, DVpp = 2.7V and AVgg = 4.5V 100 250 us
Power down recovery time From /CS rising time 70 us
Convert pulse width 20 ns
Reset pulse width 20 ns
POWER REQUIREMENTS
AVpp AVpp must be > (VRgg + 1.2V) +2.7 +5.5 \%
Alpp AVpp and DVpp combined, normal 7.9 125 mA
operation, no DAC load
AVpp and DVpp combined, all blocks in 2.8 mA
power down
AVce +4.5 +5.5 \
Alcc AV, no load, DACs at code 800h 7.5 mA
Power dissipation Normal operation, AVpp = DVpp = 5V, 50 120 mwW
AVge = 15V
DVpp +2.7 +5.5 \%
10Vpp +2.7 +5.5 \%
GENERAL INTERFACE INFORMATION
Bit Rate SPI 20 MHz
I2C Standard Mode 100 kHz
I2C Fast Mode 400 kHz
I2C High Speed Mode 3.4 MHz

www.onsemi.com
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I2C TIMING SPECIFICATION

Table 5. I2C TIMING CHARACTERISTICS PARAMETERS
Ta = —40°C to +125°C, Vpp = 3.3 V unless otherwise noted.

Parameter? Symbol Conditions Min Max Units
Clock Frequency fsoL Standard Mode 10 100 kHz
Fast Mode 400 kHz
High speed Mode (100pF) 3.4 MHz
High speed Mode (400pF) 1.7 MHz
Bus Free Time tBUF Standard Mode 4.7 s
Fast Mode 1.3 us
Start Hold Time? tHD;STA Standard Mode 4.0 us
Fast Mode 600 ns
High speed Mode 160 ns
SCL Low Time tLow Standard Mode 4.7 us
Fast Mode 1.3 us
High speed Mode (100pF) 160 ns
High speed Mode (400pF) 320 ns
SCL High Time tHIGH Standard Mode 4.0 us
Fast Mode 600 ns
High speed Mode (100pF) 60 ns
High speed Mode (400pF) 120 ns
Start Setup Time tsu;sTa Standard Mode 4.7 us
Fast Mode 600 ns
High speed Mode 160 ns
Data Setup Time3 tsu;DAT Standard Mode 250 250 ns
Fast Mode 100 100
High speed Mode 10 10
Data Hold Time* tHD:DAT Standard Mode 0 3.45 us
Fast Mode 0 0.9 us
High speed Mode (100pF) 0 70 ns
High speed Mode (400pF) 0 150 ns
SCL Rise Time troL Standard Mode 1000 ns
Fast Mode 20+0.1Cg 300 ns
High speed Mode (100pF) 10 40 ns
High speed Mode (400pF) 20 80 ns
SCL Rise Time tRcL1 Standard Mode 1000 ns
(after repeated start) Fast Mode 20+0.1Cg 300 ns
High speed Mode (100pF) 10 80 ns
High speed Mode (400pF) 20 160 ns
SCL Fall Time troL Standard Mode 300 ns
Fast Mode 20+0.1Cg 300 ns
High speed Mode (100pF) 10 40 ns
High speed Mode (400pF) 20 80 ns
SDA Rise Time tRDA Standard Mode 1000 ns
Fast Mode 20+0.1Cg 300 ns
High speed Mode (100pF) 10 80 ns
High speed Mode (400pF) 20 160 ns

Guaranteed by design, but not production tested.

Time from 10% of SDA to 90% of SCL.

Time for 10% or 90% of SDA to 10% of SCL.

A device must internally provide a hold time of at least 300 ns for the SDA signal to bridge the undefined region of the falling edge of
SCL.

MO~
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Table 5. 12C TIMING CHARACTERISTICS PARAMETERS
Ta = —40°C to +125°C, Vpp = 3.3 V unless otherwise noted.

Parameter! Symbol Conditions Min Max Units
SDA Fall Time trDA Standard Mode 300 ns
Fast Mode 20+0.1Cg 300 ns
High speed Mode (100pF) 10 80 ns
High speed Mode (400pF) 20 160 ns
Stop Setup Time tsu;sTo Standard Mode 4.0 us
Fast Mode 600 ns
High speed Mode 160 ns
Capacitive load Cg 400 pF
Glitch Immunity tsp Fast Mode 50 ns
High-speed Mode 10 ns
Noise margin at high level VNH Standard Mode
Fast Mode 0.2Vpp \%
High speed Mode
Noise margin at low level VNL Standard Mode
Fast Mode 0.1Vpp \'%
High speed Mode

Guaranteed by design, but not production tested.

Time from 10% of SDA to 90% of SCL.

Time for 10% or 90% of SDA to 10% of SCL.

A device must internally provide a hold time of at least 300 ns for the SDA signal to bridge the undefined region of the falling edge of
SCL.

row~
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Figure 3. I2C Serial Interface Timing
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SPI TIMING SPECIFICATION

Table 6. SPI TIMING CHARACTERISTICS PARAMETERS

NCD9812

Parameter Symbol Min Max Units

SPI Clock Freq fscLk 20 MHz
SCLK cycle time T4 20 ns
SCLK High time To 8 ns
SCLK Low time T3 8 ns
/CS falling edge to SCLK rising edge setup time Ty 5 ns
Input data setup time Ts 5 ns
Input data hold time Te 4 ns
SCLK falling edge to /CS rising edge T 10 ns
Minimum /CS high time Ts 30 ns
Output data valid time Tg 3 20 ns
/CS rising to next /SCLK rising edge T10 3 ns
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ML y _//
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Figure 4. SPI Single Chip Write Operation
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Figure 5. SPI Single Chip Read Operation
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THEORY OVERVIEW

NCD9812 encompasses full analog monitoring, local and
remote temperature sensing along with general purpose
1/Os. The operational details of these functions are discussed
below.

Power Supply Sequencing

All registers initialize to the default values after these
supplies are established in the following (preferable not
mandatory) order:

1. IOVpp
2. DVpp/AVpp
3. AVcc

If DVpp falls below 2.7, the minimum supply value,
either a hardware or power on reset should be issued to
resume proper operation. GPIO4-7 inputs should not be
applied until the AVpp is established. This will avoid the
activation of protection diodes of NCD9812. Similarly
external reference should not be applied before AVpp to
ensure proper operation of the device. All the
communication with the device will be valid after 250 ps
maximum power—on reset delay.

RESET Options

Power ON Reset

When powered on the internal power on reset circuitry
initiates a power—on-reset which perform the equivalent
function of the /RESET pin. To ensure a power on reset,
DVpp must start from a level below 750 mV.

Hardware Reset
Hardware reset can be initiated by pulling the /RESET pin
low. It should only be issued when DVDD has reached the
minimum specification of 2.7 V or above. A hardware reset
does the following:
o All registers (including Power—Down) set to default
values
® All function Blocks are in power down state.

® Internal temperature sensor remains active.

A rising edge of /RESET returns the device back to normal
operating mode. However, after the reset, it is important to
properly write to the power—down register to activate the
device.

Software Reset

Software reset can be initiated by writing to the software
reset Register. In 12C communication mode any values
written to this register results in a reset. However, in case of
SPI, only writing the specific value of 0x6600 to this register
resets the device. Software reset returns all registers to their
default values.

After issuing a software reset the user should wait at least
30 us before attempting to resume communication as during
reset all communication is blocked.

NCD9812

Analog to Digital Converters
The NCD9812 has two ADCs. A primary successive
approximation ADC and a secondary sigma delta ADC.

Primary ADC

The primary ADC is a low power successive
approximation ADC with a built in 16 analog channel
multiplexer and 12 bit resolution. The 12 bit resolution
assures high noise immunity and fast digitization that makes
this device suitable for medium to high speed applications.
The device internal circuiry operates at speed higher than the
conversion time of the device because of the binary
algorithm used. The algorithm is based on approximating
the input signal by comparing with successive analog signal
generated from the builtin DAC.

The value of each output bit is evalutaed on the basis of
output of the comparator. The converter requires N
conversion periods to give N bit digital output of the input
analog signal. The SAR register stores the digital equivalent
bits of the input analog signal and can be read by the master
device using an I2C interface. The main buiding block of the
device are
® Digital to Analog Converter
® Comparator

® Digital Logic

Digital to Analog Converter

A charge scaling DAC is used due to its comaptibility with
the switch capacitor circuits. The DAC operation consists of
two phases called acquistion phase and the conversion
phase. The acquistion phase is analogous to sample and hold
circuit while the conversion phase is the process of
conversion of the internal digital word in to an analog
output.

Acquisition phase: The top plates of all the capacitors on
the array are connected to the ground and the bottom plates
are connected to the applied voltage Vin. Thus there is
a charge proportional to input voltage on the capacitor array.
After acquisition the top and bottom plates are disconnetd
from their respective connections.

L. L LL.

L]
o

mo || [ [ 1

Figure 7. The Acquisition Phase of a Typical ADC

www.onsemi.com

14


http://onsemi.com

NCD9812

Conversion Phase: The converison phase is administered
by a two phase non overlapping clock with phases ¢ and
(2 respectively. During ¢ the bottom plates of all the
capacitors are grounded i.e the top plates of all the capacitors
are now Vin times higher than the ground. As the conversion
process starts the digital control sets all the bits zero

Vin

Lo L]

8C

‘[ 2048C

2\ 1

I

LAl
[¢]

2C 5

@P1 RO 1A

VREF
®

Figure 8. The Conversion Phase of a Typical ADC

except the MSB in the SAR register. During the ¢, the
capacitors associated with MSB is connected to VR while
others are connected to ground. In this way the DAC
generates analog voltage of magnitude Vggp/2. The analog
output of DAC is compared with the input analog signal. The
digital control logic sets the MSB to 1 if comparator output
is high and 0 otherwise. Thus the first step of SAR algorithm
decides whether the input signal is greater or less than
VREF/2. The approximation process is then run again with
the MSB in its proven value and the next lower bit is set to
1. This gives a general direction path and the remaining
approximations will converge the output in this direction.

Comparator

A switch capacitor comparator is used to alleviate the
effects of input offset voltage. The issue of charge injection
is controlled by using fully differential topology.

Digital Logic

The funcion of the digital logic is to generate the binary
word to be compared with the input analog signal in each
approximaiton cycle. The result of each approximation
cycle is stored in the SAR register. In short the digital logic
determines the value of each output bit in a sequential
manner base don the output of the comparator.

Analog Channels

The analog inputs (CHO—CH15) are multiplexed into the
on—chip  successive approximation, analog-digital
converter. The analog channels CHO-CH3 can be
implemented as either four single ended channels or two
fully differential channels depending upon the settings of
registers ADC Channel Register 0 and ADC Channel
Register 1. See the register section for details.

The internal 2.5 V reference will still be sufficient to
provide full dynamic range for the 0 to Vpp analog input
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channels. In single ended applications it is recommended to
buffer the analog input before applying to ADC where the
signal source has high impedance. The analog input range is
from 0 V = Ve or 0 V — 2%V s which can be programmed
through register settings.

When CHO-CH3 is configured as differential inputs only
the differential voltage is converted and the common mode
voltage is rejected. This shows that CHO-CH3 is fully
differential in this mode. This corresponds to a noise free
signal where the maximum allowed amplitude of input
signal depends on the selected value of Vit as follows

Vref Selection
0V - Vet
0V - 2%V s

Allowed Signal Amplitude

~Vret 10 +Viet
_2*Vref to +2Vref

Full scale range of the analog channel is programmable
through the Gain bit in the ADC Gain Register. In Single
ended mode the full scale range is Vref when ADGN = 0 and
2*Vief when ADGN = 1. In differential operation the
corresponding channels input ranges are either Vi or
2% Viet.

The analog inputs CHO-CH3 and the temperature inputs
are implemented with out—of-range detection. Any out of
range input sets the corresponding Alarm Flag in the Status
Register. If any of the inputs are out of range, the global
ALARM pin goes low. Device is also protected by a false
Alarm protection mechanism. See the Alarm Operation
section for more details.

Primary ADC Operation

Conversion Mode

NCD9812 primary ADC can be used in two operational
modes. These are named as the Direct Mode and the Auto
Mode. The CMODE (Conversion mode) bit of the
Configuration Register 0 selects the active conversion
mode.

In Direct Mode each analog channel within the specified
group is converted once. After all the channels in the group
are converted the ADC goes in to the idle state and waits for
a new trigger. In Auto Mode each analog channel within the
specified group is converted sequentially and repeatedly.

Triggering (external & internal CNVT)

An ADC conversion is initiated by the phenomenon called
triggering. NCD9812 can be triggered externally by the
falling edge of the external trigger pin /CNVT or internally
through Configuration Register’s bit ICONYV setting.

When a new trigger activates the ADC stops any existing
conversion immediately and waits for another trigger to start
a new conversion cycle.

The internal trigger should not be issued at the same time
the conversion mode is changed. If they occur
simultaneously the current conversion stops and returns to
the wait for ADC trigger state.
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The conversion cycle stops immediately if any of the
following events occur:

® A new trigger is issued.
® The conversion mode changes.
e Either ADC channel is rewritten.

® Any of the analog input threshold registers is rewritten.

The flow chart of the ADC conversion process is shown
the figure below.

Start
(Reset )

4

Wait for ADC

Stop Current
Conversion

[¢—VYes

Yes

Yes

A\ 4

Trigger

v*

First Channel
Conversion

<

) 4

ew Trlgger

MODE
hanged 2
CH Reg
Rewritten
Told Reg
Rewritten 72,

i

Next Channel
Conversion

I

Yes

Figure 9. ADC Conversion Sequence

ADC Data Registers

The ADC data registers are used to store the digital
converted data. There are 16 double buffered data registers.
Each channel is associated with an ADC-n-TMPRY
Register and an ADC-n- Data Register. During a
conversion cycle when the conversion of an individual
channel is completed, the data is immediately transferred to
corresponding  ADC-n-TMPRY Register. When the
conversion of all the channels in a conversion cycle

completes, all data in the ADC-n-TMPRY Registers are
simultaneously transferred in to the corresponding ADC-n
Data Registers. The results from channel O are stored in the
ADC-0-Data Register and the result from channel 1 is
stored in the ADC-1-Data Register and so on.

For a single ended input the conversion result is stored in
straight binary format. For a differential input the results are
stored in the 2’s complement format.
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Figure 10. ADC Conversion Sequence

Handshaking protocol

The handshaking protocol is provided by the /DAV,
/CNVT pins and the DAVF bit in the configuration
Register 0. The function of /DAV & /CNVT pins are
explained below:

External Convert Pin (/CNVT)

/CNVT is an input pin for external ADC trigger signal.
Conversions begin on the falling edge of the /CNVT pulse.
If a pulse occurs when the ADC is already converting, then
the ADC continues the conversion of the current channel.
After the conversion of current channel the existing
conversion cycle finishes and ADC goes in to the wait state
for new trigger pulse to start a new conversion.

Data Available Pin (/DAV)

/DAV is an output pin that indicates the completion of
ADC conversion. The DAVF bit in the Configuration
Register 0 determines the status of /DAV pin.

During handshaking with the host the pin and bit status of
/DAYV, /CNVT and DAVF depends on the conversion mode
of the ADC as explained below:

Direct Mode:

In direct mode after ADC—-n-Data Registers of all of the
selected channels are updated, the DAVF bit in the
Configuration Register 0 is set immediately to ‘1’ and the
/DAV pin goes low to signify that new data is available.

The ADC clears the DAVF bit to 0 and deactivates the
/DAV pin high when
® Reading of ADC—-n—data register takes place.

® /CNVT pin is used to initiate an external trigger.

If ICONV bit is used to initiate a new ADC conversion, in
order to reset the DAV status, an ADC-n-Data Register
must be read after the current conversion finishes before a

new conversion can be started.

Auto Mode:

In Auto Mode after the ADC—n-Data Registers of the
selected channels are updated, a pulse of 1 us (low) appears
on the /DAV pin to signify that new data are available. The
DAVF bit is always cleared to 0 in Auto Mode.
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Conversion Rate Programming

The conversion rate is programmable through the
CONV-RATE-[1:0] bits of Configuration Register 1. The
maximum conversion rate is 500 KSPS for a single channel
in auto mode. However, when more than one channel is
selected the conversion rate is divided by the number of
channels selected. The conversion rate programming for
Auto and Direct conversions modes is explained below:

Direct Mode:
In Direct Mode the CONV-RATE-[1:0] bits limit the
maximum possible conversion rate. The conversion rate in

NCD9812

Direct Mode is determined by the rate of the conversion
trigger. When a trigger is issued, there may be a delay of up
to 4 ys to internally synchronize and initiate the start of the
sequential conversion process.

Auto Mode:

In Auto Mode the CONV-RATE-[1:0] bits determine the
actual conversion rate

In both the modes when the CONV-RATE-[1:0] bits are
set to a value other than maximum rate (00), NAP Mode is
activated between conversions. This mode reduces the Alpp
supply current.

RATE(KSPS)
CONV-RATE-1 CONV-RATE-0 taca (1S) tconv (us) NAP (Single channel Auto Mode)
0 0 0.375 1.625 No 500
0 1 2.375 1.625 Yes 250
1 0 6.375 1.625 Yes 125
1 1 14.375 1.625 Yes 62.5
Secondary ADC NCD9812
The secondary ADC runs at a lower speed in the
background. The main function of this ADC is to digitize the ON3904
analog temperature information received from two remote NPN D+
and one local (on chip) temperature sensors. The D-
temperature sensors continuously monitor the three
temperature inputs and new readings are automatically
available every cycle.
Remote Sensing Diodes
The NCD9812 is designed to work with either substrate NCD9812
transistors built into processors or discrete transistors. D+
Substrate transistors are generally PNP types with the 2N3906 o
PNP

collector connected to the substrate. Discrete types can be
either PNP or NPN transistors connected as a diode
(base—shorted to the collector). If an NPN transistor is used,
the collector and base are connected to D+ and the emitter
is connected to D—. If a PNP transistor is used, the collector
and base are connected to D- and the emitter is connected to
D+.

Figure 11. Remote Diode Connections Example

If a discrete transistor is used with the NCD9812, the best
accuracy is obtained by choosing devices according to the
following criteria:
® Base—emitter voltage is greater than 0.25 V at 6 pA
with the highest operating temperature.
® Base—emitter voltage is less than 0.95 V at 100 pA with
the lowest operating temperature.

® Base resistance is less than 100 €.

® There is a small variation in hpg (for example, 50 to
150) that indicates tight control of Vpg characteristics.

Transistors such as 2N3904, 2N3906, or equivalents in
SOT-23 packages are suitable devices to use. If alternative
transistor is used the device operates as specified as long as
the above condition are met.
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Ideality Factor:

The ideality factor, 1, of the transistor is a measure of the
deviation of the thermal diode from ideal behaviour. The
NCD9812 is trimmed for a power—on-reset value of
n = 1.008. If ideality factor is different then the n—Factor
Correction Register can be used. The value Nygjyst written in
this register must in 2’s complement format. This value is
used to adjust the effective n—factor according to Equations
shown below

_ 1.008 x 300
e 300 - Nadjust
300 x 1.008
Nadjust = 300_(n—eﬁ)

® 1).ff is the actual ideality factor f the transistor being
used

® Nadjust is the corrected idealtiy factor being used in the
calculation

Nadiust

Binary Hex Decimal Neff
0111 1111 7F 127 1.747977
0000 1010 0A 10 1.042759
0000 1000 08 8 1.035616
0000 0110 06 6 1.028571
0000 0100 04 4 1.021622
0000 0010 02 2 1.014765
0000 0001 01 1 1.011371
0000 0000 00 0 1.008
1111 1111 FF -1 1.004651
1111 1110 FE -2 1.001325
1111 1100 FC -4 0.994737
1111 1010 FA -6 0.988235
1111 1000 F8 -8 0.981818
1111 0110 F6 -10 0.975484
1111 0000 80 -128 0.706542

Analog Temperature Measurement
A simple method of measuring temperature is to exploit
the negative temperature coefficient of a diode, measuring
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the base emitter voltage (VBE) of a transistor operated at
constant current. However, this technique requires
calibration to null the effect of the absolute value of VBE,
which varies from device to device.

The technique used in the NCD9812 measures the change
in VBE when the device operates at three different currents.
Previous devices used only two operating currents, but it is
the use of a third current that allows automatic cancellation
of resistances in series with the external temperature sensor.
Figure 12 shows the input signal conditioning used to
measure the output of an external temperature sensor. This
figure shows the external sensor as a substrate transistor, but
it can equally be a discrete transistor. If a discrete transistor
is used, the collector is not grounded but is linked to the base.
To prevent ground noise interfering with the measurement,
the more negative terminal of the sensor is not referenced to
ground, but is biased above ground by an internal resistor at
the D— input. C1 may be added as a noise filter (a
recommended maximum value of 1000 pF).

However, a better option in noisy environments is to add
a filter, as described in the Noise Filtering section. See the
Layout Considerations section for more information on Cl1.

Series Resistance Cancellation

To measure AVBE, the operating current through the
sensor is switched among three related currents. As shown
in Figure 12, N1 x I and N2 x I are different multiples of the
current, I. The currents through the temperature diode are
switched between I and N1 x I, giving AVBEI1; and then
between I and N2 x I, giving AVBE2. The temperature is then
calculated using the two AVBE measurements. This method
also cancels the effect of any series resistance on the
temperature measurement.

The resulting AVBE waveforms are passed through a
65 kHz low —pass filter to remove noise and then to a
chopper — stabilized amplifier. This amplifies and rectifies
the waveform to produce a dc voltage proportional to AVBE.
The ADC digitizes this voltage producing a temperature
measurement. To reduce the effects of noise, digital filtering
is performed by averaging the results of 16 measurement
cycles for low conversion rates. At rates of 16—, 32— and
64 — conversions/second, no digital averaging occurs.

Signal conditioning and measurement of the internal
temperature sensor is performed in the same manner.
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Figure 12. Input Signal Conditioning
Diode Fault Conditions One remote sensor and 108 3.4510 27.65
. .. local sensor & RC = 1
Diode Short Condition
Shorting D+ to D- will cause that temperature channel to WF;V(V:O r%mote sensors & 88 28110225
return  OxEOOO and  simultaneously set  both -
“Dn-Low-ALR” and “Dn-High—-ALR” bits of that channel Two remote sensors & 186 5.9510 47.6
in register 0x4F. “Dn-Fail-ALR?” bits are not set. RC=1
. . All sensors & RC =0 103 3.92 t0 26.38
Diode Open Condition
When there is no diode, the “Dn—-Fail-ALR” bits are set All sensors & RC = 1 201 6.4310 51.45

and the temperature value register goes to a random value;
however, when the diode is replaced temperature updates to
the register is not resumed and the “Dn-Fail-ALR” bit
remains set. The temperature sensor can be restarted by
either toggling the “test pd fault detection” bit

Reading Temperature

The host reads the temperature data as 12 bit information.
After digitization the data bits are sent to the corresponding
Temp-Data Register. The temp-Data Register remains
frozen while a transfer is in progress between itself and the
Shift Register to ensure the validity of the read data. The
conversion time of the ADC depends on the number of
active temperature sensors and the configuration bit RC
status set by the user. NCD9812 has two remote and one
local temperature sensors. Any combinations of these
sensors can be active at one time giving varying conversion
times as shown in the Table below:

Active Sensors & Bit Cycle time Programmable
RC status (ms) Delay Range (s)

Only local sensor 15 0.4810 3.84
One remote sensor & 44 1.40to0 11.2
RC=0
One remote sensor & 93 2.97 10 23.8
RC =1
One remote sensor and 59 1.89to 15.1
local sensor & RC =0

NOTE: Series resistance cancellation is always ON independent
of the status of RC bit.

Reference Operation

NCD9812 can be used in conjunction with an internally
generated reference or an externally supplied reference
input. The selection of either can be made by using the
ADC-REF-INT bit in the Configuration Register 0. In order
to use the internal reference this bit must be set to 1 to turn
ON the ADC reference buffer. The use of internal and
external reference is explained below:

Internal Reference

The internal circuitry generates a 2.5 V reference. The
internal reference drives all temperature sensors. Externally
this reference is available at REF-OUT pin.

The REF-OUT pin is connected to the REF-DAC pin
internally and the internal reference is always used as the
DAC reference. A 100 pF — 10 nF capacitor is recommended
between the reference output and GND for noise filtering.
The figure opposite shows the use of internal reference for
ADC and DAC in NCD9812.

The internal reference is available externally at
REF-OUT and REF-DAC pins however; it should only be
used to drive capacitive loads.

External Reference
ADC-REF-IN/CMP pin is used to supply the external
reference. This pin has a dual function. When an external
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reference is connected to this pin and ADC-REF-INT bit is as the ADC reference. The figure opposite shows the use of

set to 0, the external reference is used as the ADC reference. external reference for ADC and DAC in NCD9812.1t should
When a compensation capacitor (4.7 uF typical) is be noted that external reference cannot be used for the DAC
connected between this pin and the AGND and the reference.

ADC-REF-INT bit is set to 1, the internal reference is used

EXT-REF [ - - -+
1
'
1
ADC-REF-IN/CM P REF-DAC
@D &
ON-CHIP
TEMPER ATURE
SENSOR
DAC n
12 bit
matos L | 2o
CONVERTER
ADC-REF-INT=0
INTERNA L
REFERENCE
REF-OUT (7))~
NCD9812 !
(W
DAC-n-OUT

Figure 13. External Reference Operation
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Figure 14. Internal Reference Operation

DAC OPERATION

There are 12 DACS output that can be programmed with
12 bits resolution. This is a decoder type based Resistor
String converter where N bits are used to create 2N value
output using an external or internal reference.

Resistor String DAC

A resistor string in connected to a switch network. The
switch network is connected like a tree as shown in the figure
below. Depending on the bits there will be only one low

impedance path between the resistor string and the input of
the amplifier. Figure 15 shows the block diagram of resistor
string DAC architecture.

The resistor string consists of resistors, each with value R.
The code loaded to the DAC Latch determines at which node
on the string the voltage is tapped off to be fed into the output
amplifier. The output of the DAC is set from 0 to 2*V,.¢. The
DAC output is limited by the analog power supply and the
maximum DAC output value is AVCC.
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l )

Figure 15. DAC Resistor String

DAC DATA REGISTERS

Double buffered data registers are associated with each
DAC. Each DAC has a latch register preceded by a data
register. Data is initially written to the DAC-n-Data
Register and then transferred to its corresponding
DAC-n-Latch Register. When the latch is updated, the
output of the DAC-n—-Data changes to the newly value. Host
reads the data from the DAC-n-Latch and not from
DAC-n-Data Register.

DAC Latch updating modes:
There are two modes by which the DAC—n-Latch can be
updated. These modes are explained below:

Synchronous Mode

Synchronous load DAC (SLDAC-n) bit in the DAC
Configuration Register (0x58) decides the operating mode
of the DACs. When the SLDAC-n bit is set to 1,
synchronous mode is selected. In this mode the
DAC-n-Latch is updated only when the internal DAC
loading signal occurs. Writing 1 to ILDAC bit in the
Configuration Register 0 generates an internal load trigger
signal that updates the DAC-n Latches and DAC-n outputs
with the contents of the corresponding DAC-n-Data
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Register. Several DACs can be updated simultaneously
provided that DAC—n-Data registers contain the required
data and SLDAC-n bits of the corresponding DACs are set
to 1 prior to the setting of ILDAC bit.

Asynchronous Mode

When the SLDAC-n bit is set to 0, asynchronous mode is
selected. In this mode the DAC-n-Latch is updated
immediately after the write operation on the DAC-n-Data
Register.

The device updates the DAC latches only if has been read
by the Host since the last ILDAC was issued. This is to avoid
any unnecessary glitch. This mean any DAC channels that
have not been read are not reloaded again.

Clearing of DACs
DAC-n outputs can be cleared using hardware or software
methods.

Hardware Clear Pins

NCD9812 contains two external control lines,
/DAC-CLR-0 and /DAC-CLR-1 pins to clear the DAC
outputs. When either pin goes low, the corresponding
user—selected DACs are in cleared state. HW_DAC_CLR_0
register determines which DAC outputs are cleared when
/DAC-CLR-0 pin is low. Similarly HW_DAC_CLR 1
register determines which DAC outputs are cleared when
/DAC-CLR-1 pin is low. These registers contain 12 CLR-n
bits, one for every DAC. Setting any of the CLR—n bits to 1
in any of the HW-DAC_CLR register determines which
DAC is cleared when the corresponding pin is low. For
example if the CLR-2 bit is set to 1 in HW-DAC _CLR 0
register, the DAC2 output will be cleared when the
/DAC-CLR-O0 pin is lowered. Similarly if the CLR-4 bit is
set to 1 in HW-DAC_CLR 1 register, the DAC4 output will
be cleared when the /DAC-CLR-1 pin is lowered.

Software Clear
DAC:s can be cleared using software by

® Writing the SW_DAC-CLR register.
® By ALARM events.

The selected DACs can be cleared by writing directly to
the SW-DAC-CLR (0x55) Register. DACs can also be
forced to clear by alarm  events. The
AUTO-DAC-CLR-SOURCE Register determines which
alarm events force the DACS in to clear state, while the
AUTO-DAC-CLR-EN Register defines which DACs will
be cleared by the specified alarm events.

When DAC—n goes to clear state, it is immediately loaded
with predefined code in the DAC-n-CLR-SETTING
Register. The output is set to the corresponding level to
shutdown the external LDMOS device. However, the
DAC-n-DATA Register does not change. When the DAC
goes back to normal operation, DAC-n is immediately
loaded with the previous data from the DAC-n-DATA
Register and the output of the DAC—n is set back to previous
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level to restore LDMOS to the status before shutdown,
regardless of SLDAC-n bit status.

NCD9812

DAC-n-DATA

DAC-n-LATCH

DAC-CLR-SETTING

Y

>

o

-

DAC-n-OUTPUT|

MUX

m 9

3_\_‘\ SELECT LINE

A= DAC-CLR-n Pin

B= CLR-n Bit in HW-DAC-CLR-n
C= CLR-n Bit in SW-DAC-CLR-n
D= ACLR-n Bit

E= ALARM Source

Figure 16. Clearing of DACs

DAC Thermal Management

DAC outputs are prone to dissipate a significant amount
of power. A thermal protection circuit is present in
NCD9812 that sets the THERM—-ALR bit in the Status
Register if the die temperature exceeds 150°C.

ALARM Operation

The NCD9812 continuously monitors all analog inputs
and temperatures in normal operation. When any input is out
of the specified range, an alarm triggers and the
corresponding individual alarm bit in the Status Register is
set (‘1°). Global alarm bit GALR in Configuration Register
0 is the OR of individual Alarms.

CHO ALARM
CH1 ALARM
: GALR Bit
1
1
THERM ALARM

Figure 17. Global Alarm Bit

When the ALARM-LATCH-DIS bit in the Alarm
Control Register is cleared (‘0’), the alarm is latched. The
global alarm bit (GALR) maintains ‘1’ until the
corresponding error condition[s] subsides and the alarm
status is read. The alarm bits are referred to as being latched
because they remain set until read by software. All bits are
cleared when reading the Status Register, and all bits are

reasserted if the out—of limit condition still exists on the next
monitoring cycle, unless otherwise noted. When the
ALARM-LATCH-DIS bit in the Alarm Control Register is
set (’1”), the alarm bit is not latched. The alarm bit in the
Status Register goes to ‘0’ when the error condition
subsides, regardless of whether the bit is read or not. When
GALR = ‘1, the ALARM pin goes low. When the GALR bit
= ‘0’, the ALARM is high (inactive).

The NCD9812 provides out—of-range detection for four
individual analog inputs (CHO, CH1, CH2, and CH3). When
the measurement is out—of-range, the corresponding alarm
bit in the Status Register is set to ‘1’ to flag the out—of-range
condition. The value in the High-Threshold Register
defines the upper bound threshold of the nth analog input,
while the value in Low—Threshold defines the lower bound.
These two bounds specify a window for the out-of-range

detection.

Figure 18. CHn Out-of-Range Alarm

High-Threshold-n
Register

nth Analog Input |
(n=0to 3)

j>— CHn-ALR Bit

Low-Threshold-n
Register
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The NCD9812 also has high-limit or low-limit detection
for the temperature sensors (D1, D2, and LT. To implement
single, upper—bound threshold detection for analog input
CHpn, the host processor can set the upper—bound threshold
to the desired value and the lower—bound threshold to the
default value. For lower bound threshold detection, the host
processor can set the lower—bound threshold to the desired
value and the upper—bound threshold to the default value.
Note that the value of the High—Threshold Register must not
be less than the value of the Low-Threshold Register;
otherwise, ALR-n is always set to ‘1’ and the alarm
indicator is always active. Each temperature sensor has two
alarm bits: High—ALR (high-limit alarm) and Low—-ALR
(low-limit alarm).

CHO-ALARM Bi

i

EALR-CHO Bit
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High-Threshold
High-Alarm Bit

Temperature Data |
(D2, D1, LT)

Low-Alarm Bit
Low-Threshold

Figure 19. Temperature Out-of-Range Alarm

OPEN DRAIN ALARM PIN

D2-FAIL-ALARM Bit

—
7~

v

EALR-D2-FAIL Bit

THERM-ALARM Bit

EN-ALARM Bit

~—

Figure 20. /ALARM Pin

The /ALARM pin is a global alarm indicator. ALARM is
an open—drain pin. When the pin is activated, it goes low.
When the pin is inactive, it is in Hi-Z status. The /ALARM
pin works as an interrupt to the host so that it may query the
Status Register to determine the alarm source. Any alarm
event (including analog inputs, temperatures, diode status,
and device thermal condition) activates the pin if the alarm
is not masked (the corresponding EALR bit in the Alarm
Control Register = 1”). When the alarm pin is masked
(EN-ALARM bit = ‘0), the occurrence of the event sets the
corresponding status bit in Status Register to ‘1°, but does
not activate the /ALARM pin.

When the ALARM-LATCH-DIS bit in the Alarm
Control Register is cleared (‘0’), the alarm is latched.
Reading the Status Register clears the alarm status bit.
Whenever an alarm status bit is set, indicating an alarm
condition, it remains set until the event that caused it is
resolved and the Status Register is read. The alarm bit can
only be cleared by reading the Status Register after the event
is resolved, or by hardware reset, software reset, or

power—on reset (POR). All bits are cleared when reading the
Status

Register, and all bits are reasserted if the out—of limit
condition still exists after the next conversion cycle, unless
otherwise noted. When the ALARMLATCH-DIS bit in the
Alarm Control Register is set (‘1”), the ALARM pin is not
latched. The alarm bit clears to ‘0’ when the error condition
subsides, regardless of whether the bit is read or not.

Hysteresis & False Alarm Protection

The NCD9812 continuously monitors the analog input
channels and temperatures. If any of the alarms are out of
range and the alarm is enabled, its alarm bit is set (‘1’).
However, the alarm condition is cleared only when the
conversion result returns to a value of at least hysteresis
below the value of High Threshold Register, or hys above
the value of Low Threshold Register. The Hysteresis
Registers store the value for each analog input (CHO, CH1,
CH2, and CH3) and temperature (D1, D2, and LT). Hys is
the value of hysteresis that is programmable: 0 LSB to 127
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LSB for analog input, and 0°C to +31°C for temperatures.
For the THERM-ALR bit, the hysteresis is fixed at 8°C.
When any input is out of the specified range in N
consecutive conversions, the corresponding alarm bit is set
(‘1”). If the input returns to the normal range before N
consecutive times, the alarm bit remains clear (‘0’). This

INPUT

design avoids false alarms. The number N is programmable
by the CH-FALR-CT-[2:0] bits in AMC Configuration
Register 1 for analog input CH-n as shown in Table 7, or by
the TEMP-FALR-CT-[1:0] bits for temperature monitors

as shown in Table 8.

HIGH THRESHOLD

LOW THRESHOLD
OVER HIGH ALARM BELOW LOW ALARM
Figure 21. Hysteresis
Table 7. N FOR FALSE ALARM PROTECTION OF CH-n
CH-FALR-CT-2 CH-FALR-CT-1 CH-FALR-CT-0 N
0 0 0 1
0 0 1 4
0 1 0 8
0 1 1 16 (default)
1 0 0 32
1 0 1 64
1 1 0 128
1 1 1 256
Table 8. N FOR FALSE ALARM PROTECTION OF TEMPERATURE CHANNELS
CH-FALR-CT-2 CH-FALR-CT-1 CH-FALR-CT-0 N
0 0 0 1
0 1 1 2
1 0 0 8 (default)
1 1 1 8
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GPIOs Handling

The NCD9812 has eight GPIO pins. The GPIO-0, -1, -2
and -3 pins are dedicated to general, bidirectional, digital
I/O signals. GPIO-4, GPIO-5, GPIO-6 and GPIO-7 are
dual-function pins and can be programmed as either
bidirectional digital I/O pins or remote temperature sensors
D1 and D2. When D1 or D2 is disabled, the pins work as a
GPIO. Disabling D1 enables GPIO6-7 and disabling D2
enables GP1IO4-5.

These pins can receive an input or produce an output.
When the GPIO-n pin acts as an output, it has an
open—drain, and the status is determined by the
corresponding GPIO-n bit of the GPIO Register. The output
state is high impedance when the GPIO-n bit is set to ‘1°,
and is logic low when the GPIO-# bit is cleared (‘0’).

Note that a 10 kQ pull-up resistor is required when using
the GPIO-# pin as an output. The dual function GPIO—4, -5,
-6 and -7 pins should not be tied to a pull-up voltage that
exceeds the AVDD supply. The dedicated GPIO-0, -1, -2
and -3 pins are only restricted by the absolute maximum
voltage. To use the GPIO-n pin as an input, the
corresponding GPIO-# bits in the GPIO Register must be set
to ‘1°. When the GPIO-# pin acts as input, the digital value
on the pin is acquired by reading the corresponding GPIO-n
bit. After a power—on reset or any forced hardware or
software reset, all GPIO-n bits are set to ‘1°, and the GPIO-n
pin goes to a high impedance state.

Communication

There are two communication interfaces on the
NCD9812. On power—up you must select which interface
you intend on using. This is done via the BUS_SEL pin.
Grounding this pin selects the I2C interface while setting it
to Vpp will select the SPI interface. The table below shows
the pins related to each interface.

Table 9. COMMUNICATION PIN CONFIGURATION

BUS_SEL State GND Vbp
Pin no. 12C SPI
4 SDA SDI
5 SCL SCLK
9 ADD1 /CS
10 ADDO SDO
11 ADD2 ADD2

Serial Bus Interface — I°C

Control of the NCD9812 is carried out via the I2C bus. The
NCD9812 is connected to this bus as a slave device, under
the control of a master device. The NCD9812 has a 7-bit
serial bus address. The upper 3 bits of the device address are
fixed at ‘010°. The lower four bits are set by the state of pins
9, 10 and 11. The address pins are sampled only at power—up,
so any changes made while power is on will have no effect.
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Table 10. ADDRESS SELECTION

ADDO | ADD1 ADD2 Device Address
0 0 0 110 0001 (0x61)
0 0 1 110 0010 (0x2C)
0 1 0 110 0100 (0x64)
0 1 1 110 0101 (Ox2E)
1 0 0 010 1100 (0x62)
1 0 1 010 1101 (0x2D)
1 1 0 010 1110 (0x65)
1 1 1 010 1111 (0x2F)

The serial bus protocol operates as follows:

1. The master initiates data transfer by establishing a
START condition, defined as a high—to—-low transition on
the serial data line SDA while the serial clock line, SCL,
remains high. This indicates that an address/data stream will
follow. All slave peripherals connected to the serial bus
respond to the START condition, and shift in the next eight
bits, consisting of a 7-bit address (MSB first) plus an R/W
bit, which determines the direction of the data transfer, i.e.,
whether data will be written to or read from the slave device.
The peripheral whose address corresponds to the transmitted
address responds by pulling the data line low during the low
period before the ninth clock pulse, known as the
Acknowledge Bit. All other devices on the bus now remain
idle while the selected device waits for data to be read from
or written to it. If the R/W bit is a 0, the master will write to
the slave device. If the R/W bit is a 1, the master will read
from the slave device.

2. Data is sent over the serial bus in sequences of nine
clock pulses, eight bits of data followed by an Acknowledge
Bit from the slave device. Transitions on the data line must
occur during the low period of the clock signal and remain
stable during the high period, as a low—to-high transition
when the clock is high may be interpreted as a STOP signal.
The number of data bytes that can be transmitted over the
serial bus in a single READ or WRITE operation is limited
only by what the master and slave devices can handle.

3. When all data bytes have been read or written, stop
conditions are established. In WRITE mode, the master will
pull the data line high during the 10th clock pulse to assert
a STOP condition. In READ mode, the master device will
override the acknowledge bit by pulling the data line high
during the low period before the ninth clock pulse. This is
known as No Acknowledge. The master will then take the
data line low during the low period before the tenth clock
pulse, then high during the tenth clock pulse to assert a STOP
condition.

Any number of bytes of data may be transferred over the
serial bus in one operation, but it is not possible to mix read
and write in one operation because the type of operation is
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determined at the beginning and cannot subsequently be
changed without starting a new operation. In the case of the
NCD9812, write operations contain two bytes, and read
operations contain two bytes and perform the following
functions. To write data to one of the device data registers or
read data from it, the Address Pointer Register must be set
so that the correct data register is addressed, and then data
can be written into that register or read from it. The first byte
of a write operation always contains an address that is stored
in the Address Pointer Register. If data is to be written to the
device, the write operation contains a second data byte that
is written to the register selected by the address pointer
register. The device address is sent over the bus followed by
R/W set to 0. This is followed by two data bytes. The first
data byte is the address of the internal data register to be
written to, which is stored in the Address Pointer Register.
The second data byte is the data to be written to the internal
data register.

NCD9812

Read a Single Word

The master device asserts the start condition. The master
then sends the 7-bit NCD9812 slave address. It is followed
by an R/W bit that indicates the direction of operation, which
will be a write operation in this case. The slave whose
address is on the bus acknowledges it by an ACK signal on
the bus (by holding SDA line low). The master then sends
register address on the bus. The NCD9812 accepts it by an
ACK. The master then asserts a repeated start condition
followed by a 7-bit slave address. The master then sends a
direction bit R/W which is Read for this case. NCD9812
acknowledges it by an ACK signal on the bus. This will start
the read operation and NCD9812 sends the high byte of the
register on the bus. Master reads the high byte and asserts an
ACK on the SDA line. NCD9812 now sends the low byte of
the register on the SDA line. The master acknowledges it by
a no acknowledge NACK on the SDA line. The master then
asserts the stop condition to end the transaction.

|
aEsivk Snieh .

on T\ o /TN /T T\ XXX e

START BY
ACK. BY ACK. BY
MASTER NCD9812 NCD9812
FRAME 1 FRAME 2
}47 SERIAL BUS ADDRESS BYTE -«——— ADDRESS POINTER REGISTER BYTE
1 9 1 9

\ o/ T\ e Sl

Lo o X o Xoo oo )Xoz Ko X\

REPEATED START BY
MASTER

ACK. BY
NCD9812

FRAME 1
}47 SERIAL BUS ADDRESSBYTE ———————

1

ACK BY
MASTER

-

9

FRAME 2
‘4— HIGH DATA BYTE

SCL(CONTlNUED)OMIIIIIIIIIIIIIIIIIII
son conmuen o+ (57 X ow X 2 X o XX o X o

NACK.BY STOP BY
FRAME 3 MASTER MASTER

DATA BYTE :I

Figure 22. Read a Single Word

Reading the Same Register Multiple Times

The master device asserts the start condition. The master
then sends the 7-bit NCD9812 slave address. It is followed
by an R/W bit that indicates the direction of operation, which
will be a write operation in this case. The slave whose
address is on the bus acknowledges it by an ACK signal on
the bus (by holding SDA line low). The master then sends
register address on the bus. The NCD9812 accepts it by an
ACK. The master then asserts a repeated start condition
followed by a 7-bit slave address. The master then sends a
direction bit R/W which is Read for this case. NCD9812

acknowledges it by an ACK signal on the bus. This will start
the read operation
1. The NCD9812 sends the high byte of the register
on the bus.
2. The master reads the high byte and asserts an ACK
on the SDA line.
3. The NCD9812 now sends the low byte of the
register on the SDA line.
4. The master acknowledges it by an ACK signal on
the SDA line.
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The master and NCD9812 keeps on repeating the steps
1-4 until the low byte of the last reading is transferred. After
receiving the low byte of the last register, the master asserts

a not acknowledge NACK on the SDA. The master then
asserts a stop condition to end the transaction.

SDA 0 1 0

ai .
IR0 © 0 0 0 0 O N
START BY

MASTER ACK BY

ACK. BY
NCD9812 NCD9812
FRAME 1 FRAME 2
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\ / \ / \ / \ o7 X 08 X o5 X2 X2 X2 Ko X0\ /oo
REPEATED START BY ACK. BY ACK. BY
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;
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Figure 23. Read Multiple Words
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Figure 24. Read Multiple Registers Using the Reading Single Word from any Register Method
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Writing a Single Word

The master device asserts the start condition. The master
then sends the 7-bit NCD9812 slave address. It is followed
by an R/W bit that indicates the direction of operation, which
will be a write operation in this case. The slave whose
address is on the bus acknowledges it by an ACK signal on
the bus (by holding SDA line low). The master then sends

SDA 0 1 0 1 1

START BY
MASTER

1
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register address on the bus. The NCD9812 accepts it by an
ACK. The master then sends a data byte of the high byte of
the register. The NCD9812 asserts an acknowledge ACK on
the SDA line. The master then sends a data byte of the low
byte of the register. The NCD9812 asserts an acknowledge
ACK on the SDA line. The master asserts a stop condition
to end the transaction.

L T T T T T T T T T A A R T R |
[ Y R T [
ACK.BY
NCD9812

FRAME 1
}47 SERIAL BUS ADDRESS BYTE —M8 ——— }47

ACK.BY
NCD9812
FRAME 2
1ST REGISTERADDRESS POINTER BYTE

1 9

JuuyHy Yy

FRAME 3
|<— HIGH BYTE

ACK. BY
NCD9812

WRITTEN TO
NCD9812 REGISTER

ACK.BY STOPBY
| FRAME 4 NCD9812 MASTER
- LOW BYTE
| WRITTEN TO
NCD9812 REGISTER

Figure 25. Writing a Single Byte

Writing Multiple Words to Different Registers

The master device asserts the start condition. The master
then sends the 7-bit NCD9812 slave address. It is followed
by an R/W bit that indicates the direction of operation, which
will be a write operation in this case. The slave whose
address is on the bus acknowledges it by an ACK signal on
the bus (by holding SDA line low).

1. The master then sends first register address on the
bus. The NCD9812 accepts it by an ACK. The
master then sends a data byte of the high byte of
the first register. The NCD9812 asserts an
acknowledge ACK on the SDA line. The master
then sends a data byte of the low byte of the first

register. The NCD9812 asserts an acknowledge
ACK on the SDA line.

2. The master then sends the second register address
on the bus. The NCD9812 accepts it by an ACK.
The master then sends a data byte of the high byte
of the second register. The NCD9812 asserts an
acknowledge ACK on the SDA line. The master
then sends a data byte of the low byte of the
second register. The NCD9812 asserts an
acknowledge ACK on the SDA line.

A complete word must be written to a register for proper
operation. It means that both high and low bytes must be
written.
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Figure 26. Writing to Multiple 16-bit Registers

Serial Peripheral Interface — SPI

The SPI interface is capable of faster communication as
compared to [2C. The faster data speed is achieved at the
expense of two additional data lines that can make the circuit
denser.

The SPI interface consists of 4 wires:

/CS: Chip select input of the device. A slave device is
selected for communicaiton by a high to low transition on
this line.

SCLK: Clock input to synchronize data transfer on the SPI
bus. NCD9812 is capable of clock speeds of up to 50 MHz.
The clock polarity is configured by the host.

SDI and SDO: The data is received on the SDI line where
as data is transmitted from SDO line simultaneously.

When /CS is high, the SCLK and SDI signals are blocked
out and the SDO line is in a high—-impedance state.

NCD9812 Master
(Slave)
SCLK SCLK
SDO SDI
SDI SDO
cs cs

Figure 27. SPI Interface between Master and
NCD9812 (Slave)
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Shift Register

A 24 bit shift register is available for SPI interface
communication. NCD9812 is selected by the host producing
a high to low transition on /CS input. This transition starts
the transfer of 24 bit data in to the device shift register which
is synchronized with the serial clock input SCLK. The clock
signal can be either continuous or discontinuous depending
on the requirement of the communication cycle. NCD9812
needs to be selected by the host (/CS remains low) for correct
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number of clock cycles during a continuous SCLK
operation. Failing to do so will violate the communication
protocol and corrupt the data. Similarly the /CS signal must
have a low to high transition after the final clock cycle. This
will transfers the contents of shift register in to the
corresponding internal registers of the device.

A 24 bit communication cycle is required for Read and
Write operation on the SPI interface. The bit structures of
these operations are shown in Table 11.

Table 11. 24-BIT WORD STRUCTURE FOR R/W OPERATION

Operation /0 Bit 23 (R/W) NCD9812 Register Address [22:16] Data Byte
Write SDI 7 bit register address [6:0] Data to be written [15:0]
SDO U U u
Read frame 1 SDI 1 7 bit register address [6:0] X
SDO ] Data is undefined U
Read frame 2 SDI 1 7 bit register address [6:0] X
SDO U U Data for address in frame 1

NOTE: x = Don’t care
U = Undefined or data depending on previous frame

Single NCD9812 on SPI Bus

As discussed above the communication is triggered by a
high to low transition on /CS input. The /CS needs to be low
for exactly 24 clock cycles for correct data operation. The

= | 1

|

/CS must go high after the falling edge of 24 clock cycle
to transfer the data from the shift register in to device’s
internal registers. The said transfer is initiated at the rising
edge of /CS.

—

XX =
Wn=

Don’t care
Write Command for Register n

Figure 28. Single NCD9812 Write Operation

| |

= |

| | [

XX = Don’tcare
Rn = Read Command for Register n
Dn = Data from Register n

Figure 29. Single NCD9812 Read Operation
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Multiple NCD9812 on SPI Bus

When multiple NCD9812 are used on the same SPI bus
then the interface lines can be reduced by connecting the
SDO output of the first device to the SDI input of the next
device. In this way a chain of multiple NCD9812 is made
where each device requires 24 clock pulses for data transfer.
The total number of the required clock cycles is equal to
24*N, where N is the number of devices in the chain.

The clock can be continuous or discontinuous. If a
continuous clock operation is selected then the /CS input
must be low for the exact number of clock cycles for proper
data transfer. A discontinuous clock on the other hand
comprises of exact number of clocks required to complete
the data transfer to all the devices in the chain.

Cycle 0 Cycle 1

s | [

7

NCD9812

Communication is triggered by a high to low transition on
/CS input. All the devices on the bus are selected as every
device shares a common /CS line. The data is transferred in
to the first NCD9812 at the falling edge of /CS. After 24
clock cycles the data transferred to the first device is
completed. However, as the clock keeps coming therefore,
the data is rippled out of the shift register at the rising edge
of the 25! clock and appear on the SDO line at the falling
edge. The SDO of the first device is connected to SDI line
of the next NCD9812. In this way data is transferred to all
the devices on the bus. The /CS must go high after the data
transfer is completed to latch the data from the shift registers
in to the device’s internal registers.

Cycle 2 Cycle 3

[ [

SPC___('rao X rBo X Reo >—< rRa1 X RB1 X RCt >—< raz X RB2 X RC2 >—< ras X B3 X Rc3 ——

$00-¢__ 'xx X rmo Xreo »—— coo X rat X et >—<CD1 X raz Rz y—(cp2 X Ras X RB3 )——

SDI—B_< XX ><RAO XRBO >—<cno X rar X ret >_< co1 X raz X RB2>—<CD2 ><RA3 XRBs >_

s00-B___ [ xx X XX X Rao >—< 800 X coo X Rat >—< 801 X D1 X RA2 >—< BD2 % cp2 X RA3 >

SDM—( XX >< XX X RAO >—< BDOXCDO X RA1 >—<BD1 Xcm >< RA2 >—< BD2 >< CD2><RA3 D

SPOA__ Ixx X xx X XX >—<ADO X Boo X cpo >—< ap1 X 801 X cp1 >—<AD2 X B2 X co2 y——

XX = Don’tcare
RAnN (RBn, RCn) =
ADn (BDn, CDn) = Data from Register N of device A (B,C)

Read Command for Register N of device A (B,C)

Figure 30. Reading Multiple Registers
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Ts _| Cycle 0 |_| Cycle 1 |_| Cycle 2 |_| Cycle 3

O mo X wao Yoo (i Xwen Xwer »—(az ez Wz y——( s X res o )——
$00-0_ X a0 Xweo S om0 Y Wt h——{xx X raz ez y—(co2 X raa ) R y——
o8 X ana Xweo (oo Y aan W wer y——xx X ez ez y—( o2 X mas ) es y——
500-8_(Xx W xx W > xx X o0 W amr y——0OX 0K raz_y——(Bo2 X coa )(Ras y——
so-a_ (50 XXX X o S XX om0 X 0O i X e y——(802 X oz ) aa

008 Xk WK 00 X ix X om0 o X xx Yxx_y——{awz )X 802 Y ooz y——

XX = Don’tcare

RAn (RBn, RCn) = Read Command for Register N of device A (B,C)
ADn (BDn, CDn) = Data from Register N of device A (B,C)
WBn,WCn= Write Command for Register N of device A (B,C)

Figure 31. Mixed Operation: Reading Devices A and C, and Writing to Device B; then
Reading A, and Writing to B and C; then Reading A, B and C Twice

Ts _| Cycle 0 |_| Cycle 1 |_| Cycle 2 |_| Cycle 3

D g oo Yo Y o X o Y——(waa ez ez y——was Y wes e y——
s00-¢ (" W wao weo H——{cpo W war Wwer (001 ) waz we2 —( coz )X was X wes )——
08 X wao Wweo y——coo Y war W wer y—— cor )X waz ) wez )—(coz Y was X wes )——
s00-5__ (TN R K0y X e Y oK o e y— K o e —
soa o XX X wao y——( XX o0 W war y—— ¥ X 201 ) waz y——( xx X coz X was )——
$00-8___ /x YW XX 0o X oxx K emo y—— 30O xx X eot y—— xx X xx X o0z y——

Figure 32. Writing to Devices A and B, and Reading Device C
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Table 12. NCD9812 REGISTER MAP
Register Name Type Width Reset Value Address Offset
Local-Temperature-Data R 16 0x0000 0x00
Remote1-Temperature-Data R 16 0x0000 0x01
Remote2-Temperature-Data R 16 0x0000 0x02
Temperature Configuration RW 16 0x003C 0x0A
Temperature Conversion Rate RW 16 0x0007 0x0B
n-Factor Correction (for Remote1) RwW 16 0x0000 0x21
n-Factor Correction (for Remote2) RwW 16 0x0000 0x22
ADC-0-Data R 16 0x00 0x23
ADC-1-Data R 16 0x00 0x24
ADC-2-Data R 16 0x00 0x25
ADC-3-Data R 16 0x00 0x26
ADC-4-Data R 16 0x00 0x27
ADC-5-Data R 16 0x00 0x28
ADC-6-Data R 16 0x00 0x29
ADC-7-Data R 16 0x00 0x2A
ADC-8-Data R 16 0x00 0x2B
ADC-9-Data R 16 0x00 0x2C
ADC-10-Data R 16 0x00 0x2D
ADC-11-Data R 16 0x00 0x2E
ADC-12-Data R 16 0x00 0x2F
ADC-13-Data R 16 0x00 0x30
ADC-14-Data R 16 0x00 0x31
ADC-15-Data R 16 0x00 0x32
DAC-0-Data RW 16 0x00 0x33
DAC-1-Data RW 16 0x00 0x34
DAC-2-Data RW 16 0x00 0x35
DAC-3-Data RW 16 0x00 0x36
DAC-4-Data RW 16 0x00 0x37
DAC-5-Data RW 16 0x00 0x38
DAC-6-Data RW 16 0x00 0x39
DAC-7-Data RW 16 0x0000 0x3A
DAC-8-Data RW 16 0x0000 0x3B
DAC-9-Data RW 16 0x0000 0x3C
DAC-10-Data RW 16 0x0000 0x3D
DAC-11-Data RW 16 0x0000 Ox3E
DAC-0-CLR-Setting RW 16 0x0000 O0x3F
DAC-1-CLR-Setting RW 16 0x0000 0x40
DAC-2-CLR-Setting RW 16 0x0000 0x41
DAC-3-CLR-Setting RW 16 0x0000 0x42
DAC-4-CLR-Setting RW 16 0x0000 0x43
DAC-5-CLR-Setting RW 16 0x0000 0x44
DAC-6-CLR-Setting RW 16 0x0000 0x45
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Table 12. NCD9812 REGISTER MAP
Register Name Type Width Reset Value Address Offset
DAC-7-CLR-Setting RW 16 0x0000 0x46
DAC-8-CLR-Setting RW 16 0x0000 0x47
DAC-9-CLR-Setting RW 16 0x0000 0x48
DAC-10-CLR-Setting RW 16 0x0000 0x49
DAC-11-CLR-Setting RW 16 0x0000 O0x4A
GPIO RW 16 0x000F 0x4B
Configuration 0 RW 16 0x2000 0x4C
Configuration 1 RwW 16 0x0070 0x4D
Alarm Control RW 16 0x0000 Ox4E
Status R 16 0x0000 Ox4F
ADC Channel 0 RwW 16 0x0000 0x50
ADC Channel 1 RW 16 0x0000 0x51
ADC Gain RW 16 OxFFFF 0x52
AUTO-DAC-CLR-SOURCE RW 16 0x0004 0x53
AUTO-DAC-CLR-EN RW 16 0x0000 0x54
SW-DAC-CLR RW 16 0x0000 0x55
HW-DAC-CLR-EN-0 RW 16 0x0000 0x56
HW-DAC-CLR-EN-1 RW 16 0x0000 0x57
DAC Configuration RW 16 0x0000 0x58
DAC Gain RW 16 0x0000 0x59
Input-0-High-Threshold RwW 16 OXOFFF O0x5A
Input-0-Low-Threshold RW 16 0x0000 0x5B
Input-1-High-Threshold RW 16 OxOFFF 0x5C
Input-1-Low-Threshold RwW 16 0x0000 0x5D
Input-2-High-Threshold RwW 16 OxOFFF Ox5E
Input-2-Low-Threshold RwW 16 0x0000 Ox5F
Input-3-High-Threshold RW 16 OxOFFF 0x60
Input-3-Low-Threshold RW 16 0x0000 0x61
Local-High-Threshold RW 16 0x07FF 0x62
Local-Low-Threshold RW 16 0x0800 0x63
Remote1-High-Threshold RW 16 O0x07FF 0x64
Remote1-Low-Threshold RwW 16 0x0800 0x65
Remote2-High-Threshold RW 16 0x07FF 0x66
Remote2-Low-Threshold RW 16 0x0800 0x67
Hysteresis-0 RW 16 0x0810 0x68
Hysteresis-1 RW 16 0x0810 0x69
Hysteresis-2 RW 16 0x2108 Ox6A
Power-Down RW 16 0x0000 0x6B
Device ID R 16 0x1220 0x6C
Software Reset RW 16 N/A 0x7C
MANUFACTURE_ID R 16 001A O0X7E
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Table 13. LOCAL TEMPERATURE REGISTER

Register Information

Description Stores the local temperature sensor readings in 2's complement data format.
Offset 0x00 Type: R
Bitfield Details
Field Name Description Access | Default | Sim |Bench Functionality
15:4 |Local_15:Local_4 Local temperature bit 15 to bit 4 R 0x00

3:0 (Reserved R 0x0

Table 14. REMOTE1 SENSOR TEMPERATURE REGISTER

Register Information

Description Stores the Remote1 temperature sensor readings in 2's complement data format.
Offset 0x01 Type: R
Bitfield Details
Field Name Description Access | Default | Sim |Bench Functionality
15:4 [Remote1_15:Remote1_4 |Remotel temperature bit 15 to bit 4 |R 0x000

3:0 (Reserved R 0x0

Table 15. REMOTE2 SENSOR TEMPERATURE REGISTER

Register Information

Description Stores the Remote2 temperature sensor readings in 2's complement data format.
Offset 0x02 Type: R
Bitfield Details
Field Name Description Access | Default | Sim |Bench Functionality
15:4 [Remote2_15:Remote2_4 |Remote2 temperature bit 15 to bit 4 |R 0x00

3:0 (Reserved R 0x0

Table 16. TEMPERATURE CONFIGURATION REGISTER (Using Default SPI Value 003Ch)

Register Information

Description To configure the Temperature channels
Offset O0X0A |Type: RW
Bitfield Details
Field Name Description Access | Default | Sim | Bench Functionality
15:6 |Bit_15:Bit_6 0x00

5 |Bit 5 Remote sensor 2 is enabled/disabled (1/0) |R/W 1

4 Bit_4 Remote sensor 1 is enabled/disabled (1/0) |R/W 1

3 |Bit_3 Local sensor is enabled/disabled (1/0) R/W 1

2 |Bit 2 RC bit RW |1

1:0 |Bit_1:Bit 0 00
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Table 17. TEMPERATURE CONFIGURATION REGISTER (Using I2C Default Value 3CFFh)

Register Information

Description To configure the Temperature channels
Offset OXOA* |Type: RW
Bitfield Details
Field Name Description Access | Default | Sim | Bench Functionality
15:14 |Bit_15:Bit_14 0x00

13 |Bit_13 Reserved RW 1

12 |Bit_12 Reserved R/W 1

11 [Bit_11 Reserved R/W 1

10 |Bit_10 RC bit R/W 1

9:8 |Bit_9:Bit_8 00

7:0 (Bit_7:Bit_0 OxFF

*After configuring this register in 12C mode its value changes to 3CFFh

Table 18. TEMPERATURE CONVERSION RATE REGISTER (Using Default SPI Mode)

Register Information

Description Register to set the conversion rate of temperature
Offset 0x0B |Type: RW
Bitfield Details
Field Name Description Access | Default | Sim | Bench Functionality
15:3 [Reserved R 0x0

2 Conversion Rate bit 2, R2 R/W 1

1 Conversion Rate bit 1, R1 R/W 1

0 Conversion Rate bit 0, RO R/W 1

Table 19. TEMPERATURE CONVERSION RATE REGISTER (Using I12C Mode with Default Value of 07FFh)

Register Information

Description Register to set the conversion rate of temperature
Offset 0X0B* Type: | RW
Bitfield Details
Field Name Description Access | Default | Sim | Bench Functionality
15:11 [Reserved R 0x0

10 Conversion Rate bit 2, R2 R/W 1

9 Conversion Rate bit 1, R1 R/W 1

8 Conversion Rate bit 0, RO R/W 1

7:0 |Reserved R OxFF
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Table 20. TEMPERATURE CONVERSION TIME
R2 R1 RO Conversion Time
0 0 0 128 x Minimum cycle Time
0 0 1 64 x Minimum cycle Time
0 1 0 32 x Minimum cycle Time
0 1 1 16 x Minimum cycle Time
1 0 0 8 x Minimum cycle Time
1 0 1 4 x Minimum cycle Time
1 1 0 2 x Minimum cycle Time
1 1 1 Minimum cycle Time

Table 21. TEMPERATURE MONITORING CYCLE TIME

Temperature Sensor Status

Monitoring Cycle Time

Local sensor is active, remote sensors are disabled or in power—down. 15 ms
One remote sensor is active and RC = ‘0’, local sensor and one remote sensor are disabled or in 44 ms
power—down.

One remote sensor is active and RC = ‘1’, local sensor and one remote sensor are disabled or in 93 ms
power—down.

One remote sensor and local sensor are active and RC = ‘0’, one remote sensor is disabled or in 59 ms
power—down.

One remote sensor and local sensor are active and RC = ‘1’, one remote sensor is disabled or in 108 ms
power-down.

Two remote sensors are active and RC = ‘0’, local sensor is disabled or in power-down. 88 ms
Two remote sensors are active and RC = ‘1’, local sensor is disabled or in power-down. 186 ms
All sensors are active and RC = ‘0’. 103 ms
All sensors are active and RC = ‘1". 201 ms

Table 22. n-FACTOR CORRECTION REGISTERS (SPI Default Value of 0x0000)
Register Information

Description Registers for n Factor Correction
Offset 0x21 and 0x22 |Type: RW

Bitfield Details

Field Name Description Access | Default | Sim | Bench Functionality
15:8 |[Bit_15:Bit_8 |Reserved RwW 0x00
7:0 (Bit_7:Bit_0 Used for n Factor correction RwW 0x00

Table 23. n-FACTOR CORRECTION REGISTERS (I2C Default Value of 0x00FF)

Register Information

Description

Registers for n Factor Correction

Offset

0x21 and 0x22

|Type:

RW

Bitfield Details

Field Name Description Access | Default Sim | Bench Functionality
15:8 |Bit_15:Bit_8 |Used for n Factor correction RwW 0x00
7:0 (Bit_7:Bit_0 Reserved RwW OxFF
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being used. Refer to the Ideality Factor section for more

shown in Table 19. ngpris the actual ideality of the transistor details.
Table 24. Naopyust & ngpp VALUES
NapausTt
BINARY HEX DECIMAL -
0111 1111 7F 127 1.747977
0000 1010 0A 10 1.042759
0000 1000 08 8 1.035616
0000 0110 06 6 1.028571
0000 0100 04 4 1.021622
0000 0010 02 2 1.014765
0000 0001 01 1 1.011371
0000 0000 00 0 1.008 (Default)
1111 1111 FF —1 1.004651
1111 1110 FE -2 1.001325
1111 1100 FC —4 0.994737
1111 1010 FA —6 0.988235
1111 1000 F8 -8 0.981818
1111 0110 F6 -10 0.975484
1000 0000 80 -128 0.70654
Table 25. ADC-n-DATA REGISTERS
Register Information

Description Registers to store ADC data

Offset 0x23 and 0x32 Type: R

Bitfield Details

Field Name Description Access | Default | Sim | Bench Functionality

15:12 |Bit_15:Bit_12 [Reserved R 0x0

11:0 |Bit_11:Bit_.0 |12 Bit ADC data R 0x000

The ADC-n-Data Registers store the conversion results of the corresponding Analog channel-n

Table 26. ADC DATA REGISTER DEFINITIONS

Channel Input Type Destination Register Format
Channel 0 Single Ended ADC_0_Data Register Straight Binary
Channel 1 Single Ended ADC_1_Data Register Straight Binary
Channel 2 Single Ended ADC_2_Data Register Straight Binary
Channel 3 Single Ended ADC_3_Data Register Straight Binary

CHO+/CH1- Differential ADC_0_Data Register 2's Complement
CH2+/CH3- Differential ADC_2_Data Register 2's Complement
Channel 4 Single Ended ADC_4 Data Register Straight Binary
Channel 5 Single Ended ADC_5_Data Register Straight Binary
Channel 6 Single Ended ADC_6_Data Register Straight Binary
Channel 7 Single Ended ADC_7_Data Register Straight Binary
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Table 26. ADC DATA REGISTER DEFINITIONS

NCD9812

Channel Input Type Destination Register Format
Channel 8 Single Ended ADC_8_Data Register Straight Binary
Channel 9 Single Ended ADC_9 Data Register Straight Binary
Channel 10 Single Ended ADC_10_Data Register Straight Binary
Channel 11 Single Ended ADC_11_Data Register Straight Binary

Channel 12 Single Ended ADC_12_Data Register Straight Binary
Channel 13 Single Ended ADC_13_Data Register Straight Binary
Channel 14 Single Ended ADC_14_Data Register Straight Binary
Channel 15 Single Ended ADC_15_Data Register Straight Binary

Table 27. DAC-n-DATA REGISTERS

Register Information

Description Registers to store DAC input data. Each DAC has a DAC register to store data that is loaded to DAC
latches.
Offset 0x33 and 0x3E Type: R/W
Bitfield Details
Field Name Description Access | Default | Sim | Bench Functionality
15:12 |Bit_15:Bit_12 |Reserved R 0x0
11:0 |Bit_11:Bit_0 |12 Bit DAC output data R 0x000

Table 28. DAC-n-CLR-SETTING REGISTERS

Register Information

Description Registers to store data to be loaded in the DAC latch when DAC is cleared.
Offset 0x3F and Ox4A Type: R/W
Bitfield Details

Field Name Description Access | Default | Sim | Bench Functionality
15:12 |Bit_15:Bit_12 [Reserved R 0x0

11:0 [Bit_11:Bit_ 0 |12 Bit DAC latch data R 0x000

Table 29. DAC-n-CLR-SETTING REGISTERS

Register Information

Description Registers to store data to be loaded in the DAC latch when DAC is cleared.
Offset 0x3F and Ox4A Type: R/W
Bitfield Details

Field Name Description Access | Default | Sim | Bench Functionality
15:12 |Bit_15:Bit_12 [Reserved R 0x0

11:0 |Bit_11:Bit 0 |12 Bit DAC latch data R/W 0x000
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Register Information

Description For write operations, the GPIO pin operates as an output. Writing a ‘1’ to the GPIO-n bit sets the GPIO-n
pin to high impedance. Writing a ‘0’ sets the GPIO-n pin to logic low. An external pull-up resistor is required
when using the GPIO pin as an output.

For read operations, the GPIO pin operates as an input. Read the GPIO-n bit to receive the status of the
GPIO-n pin. Reading a ‘0’ indicates that the GPIO-n pin is low; reading a ‘1’ indicates that the GP1O-n pin
is high.

After power—on reset, or any forced hardware or software reset, the GPIO-n bit is set to ‘1’ and is in a high
impedance state.

When REMOTE?2 is enabled, GPIO-4 and GPIO-5 are ignored.

When REMOTET is enabled, GPIO-6 and GPIO-7 are ignored.

Offset 0x4B Type: R/W

Bitfield Details

Field Name Description Access | Default | Sim | Bench Functionality

15:8 |[Bit_15:Bit_8 |Reserved R 0x00

7:0 |Bit_7:Bit 0 GPI07:GPIO0 R/W OxOF

Table 31. CONFIGURATION REGISTER 0

Register Information

Description

Configuration Register 0 of NCD9812

Offset

0x4C Type: R/W

Bitfield Details

Field Name Description Access |Default | Sim Bench Functionality

15:14 |Bit_15:Bit_12 [Reserved R 0x0

13 |CMODE

R/W 1 ADC Conversion Mode Bit. This bit selects between
the two operating conversion modes (direct or auto).

CMODE = ‘0’: Direct mode. The analog inputs speci-
fied in the ADC Channel Registers are converted
sequentially (see the ADC Channel Registers) one
time. When one set of conversions is complete, the
ADC is idle and waits for a new trigger.

CMODE = ‘1’: Auto mode. The analog inputs speci-
fied in the Channel Registers are converted sequen-
tially and repeatedly (see the ADC Channel Regis-
ters). When one set of conversions is complete, the
ADC multiplexer returns to the first channel and re-
peats the process. Repetitive conversions continue
until the CMODE bit is cleared (‘0’).

12 |ICONV

R/W 0 Internal conversion bit
Set this bit to ‘1’ to start the ADC conversion internal-

ly. The bit is automatically cleared (‘0’) after the ADC
conversion starts.

11 |ILDAC

R/W 0 Load DAC bit. Set this bit to ‘1’ to synchronously
load the DAC Data Registers, which are pro-
grammed for synchronous update mode

(SLDAC-n = 1). The NCD9812 updates the DAC
Latch only if the ILDAC bit is set (‘1°), thereby elimi-
nating any unnecessary glitch. Any DAC channels
that have not been accessed are not reloaded.
When the DAC Latch is updated, the corresponding
output changes to the new level immediately. This bit
is cleared (‘0’) after the DAC Data Register is updat-
ed.
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Table 31. CONFIGURATION REGISTER 0

NCD9812

Field

Name

Description

Access

Default

Sim

Bench

Functionality

10

ADC-REF-
INT

R/W

0

ADC VRgE select bit

When this bit = ‘0’, the internal reference buffer is off,
and the external reference drives the ADC.

When this bit = ‘1’, the internal buffer is on and the

internal reference drives the ADC. Note that a com-
pensation capacitor is required.

EN-ALARM

R/W

Enable /ALARM pin bit.
When this bit = ‘0’, the /ALARM pin is disabled.
When this bit = ‘1’, the /ALARM pin is enabled.

Reserved

DAVF

ADC Data available flag bit. For Direct mode only.
Always cleared (set to ‘0’) in Auto mode.

DAVF = ‘1’: The ADC conversions are complete and
new data are available.

DAVF = ‘0’": The ADC conversion is in progress (data
are not ready) or the ADC is in Auto mode.

In Direct mode, the DAVF bit sets the DAV pin. DAV
goes low when DAVF = ‘1’, and goes high when
DAVF = ‘0.

In Auto mode, DAVF is always cleared to '0’. Howev-
er, a 1 us pulse (active low) appears on the DAV pin
when the last input specified in the ADC Channel
Registers is converted.

DAVF is cleared to ‘0’ in one of two ways: (1) reading
the ADC Data Register, (2) starting a new ADC con-
version

GALR

Global alarm bit. This bit is the OR function of all
individual alarm bits of the Status Register. This bit is
set (‘1’) when any alarm condition occurs, and re-
mains ‘1’ until the Status Register is read. This bit is
cleared (‘0’) after reading the Status Register.

5:0

Bit_5:Bit_0

Reserved

0x0

Table 32. CONFIGURATION REGISTER 1

Register Information

Description Configuration Register 1 of NCD9812
Offset 0x4D Type: R/W
Bitfield Details
Field Name Description Access |Default [Sim | Bench Functionality
15:10 (Bit_15:Bit_10 Reserved R 0x0
9:8 |CONV_RATE_1: R/W 0 ADC Conversion Bit RATE BIT 0 and 1
CONV_RATE_O
7-5 [CH_FALR_CT_2: RW 0X3 False Alarm Protection bits for CHO to CH3
CH_FALR_CT_0
4-3 |TEMP_FALR_CT_t: RW 0x2 False Alarm Protection bits for temperature
TEMP_FALR_CT_O monitor
2:0 |Bit_2:Bit_0 Reserved R 0
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Table 33. CONVERSION RATE BIT SETTING
CONV_RATE_1 CONV_RATE_0 ADC Conversion Rate
0 0 500 Kbps (Default)
0 1 1/2 of default rate
1 0 1/4 of default rate
1 1 1/8 of default rate
Table 34. CH_FALR_CT BIT SETTING
CH_FALR_CT_2 CH_FALR_CT_1 CH_FALR_CT_0 N Consecutive Samples Before Alarm is Set
0 0 0 1
0 0 1 4
0 1 0 8
0 1 1 16
1 0 0 32
1 0 1 64
1 1 0 128
1 1 1 256
Table 35. CONVERSION RATE BIT SETTING
TEMP_FALR_CT_1 TEMP_FALR_CT_O N Consecutive Samples Before Alarm is Set
0 0 1
0 1 2
1 0 4 (Default)
1 1 8

Table 36. ALARM CONTROL REGISTERS

Register Information

Description The Alarm Control Register determines whether the ALARM pin is accessed when a corresponding
alarm event occurs.
Offset Ox4E Type: RW
Bitfield Details
Field Name Description Access | Default | Sim |Bench Functionality
15 |[Bit_15 Reserved. R 0
14:11 |EALR_CHO:EALR_CH3 |Alarm bits for CHO to CH3 RW 0x0 If EALR_CHX = ‘1, the alarm is

enabled, the CHX_ALR bit is set,
and the ALARM pin goes low (if
enabled) when the input of CHX
is out of range.

If EALR_CHX = ‘0’, the alarm is
masked. When the input of CHX
is out of range, the ALARM pin
does not go low, but the
CHX_ALR bit is set.
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Table 36. ALARM CONTROL REGISTERS

Field

Name

Description

Access

Default

Sim

Bench

Functionality

10

EALR_Local_Low:

Local sensor low alarm enable |RW

Bit

0

If EALR_Local_Low = ‘1’, the Lo-
cal_Low alarm is enabled. When
LT is below the specified range,
the Local_Low_ALR bit is set (‘1’)
and the ALARM pin goes low (if
enabled).

If EALR_Local_Low = ‘0’, the Lo-
cal-Low alarm is masked. When
Local is below the specified
range, the ALARM pin does not
go low, but the Local-Low-ALR
bit is set.

EALR_Local_High

Local sensor high alarm enable |RW

Bit

If EALR_Local_High = ‘1’, the Lo-
cal_High alarm is enabled. When
LT is above the specified range,
the Local_High_ALR bit is set (‘1°)
and the ALARM pin goes low (if
enabled).

If EALR_Local_High = ‘0, the Lo-
cal_High alarm is masked. When
LT is above the specified range,
the ALARM pin does not go low,
but the LT-High-ALR bit is set.

EALR-REMOTE1-Low

REMOTE1 low alarm enable Bit

R/W

If EALR_REMOTE1_Low = ‘1",
the REMOTE1_Low alarm is en-
abled. When REMOTET1 is below
the specified range, the RE-
MOTE1_Low_ALR bit is set (‘1’),
and the ALARM pin goes low (if
enabled).

If EALR_REMOTE1_Low =‘0’,
the REMOTE1_Low alarm is
masked. When REMOTET is be-
low the specified range, the
ALARM pin does not go low, but
the REMOTE1-Low-ALR bit is
set.

EALR-REMOTE1-high

REMOTE1 high alarm enable Bit |R/W

If EALR_REMOTE1_High = ‘1",
the REMOTE1_High alarm is en-
abled. When REMOTET1 is above
the specified range, the RE-
MOTE1_High_ALR bit is set (‘1°),
and the ALARM pin goes low (if
enabled).

If EALR_REMOTE1_High =‘0’,
the REMOTE1_High alarm is
masked. When REMOTET1 is
above the specified range, the
ALARM pin does not go low, but
the REMOTE1_High_ALR bit is
set.

EALR-REMOTE2-Low

REMOTE?2 low alarm enable Bit

R/W

If EALR_REMOTE2_Low = ‘1",
the REMOTE2_Low alarm is en-
abled. When REMOTEZ2 is below
the specified range, the RE-
MOTE2_Low_ALR bit is set (1),
and the ALARM pin goes low (if
enabled).

If EALR_REMOTE2_Low = ‘0’,
the REMOTE2_Low alarm is
masked. When REMOTE?2 is be-
low the specified range, the
ALARM pin does not go low, but
the REMOTE2-Low-ALR bit is
set.
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Field

Name

Description

Access

Default

Sim

Bench

Functionality

5

EALR-REMOTE2-high

REMOTEZ2 high alarm enable Bit

R/W

0

If EALR_REMOTE2_High = ‘1",
the REMOTE2_High alarm is en-
abled. When REMOTEZ2 is above
the specified range, the RE-
MOTE2_High_ALR bit is set (‘1°),
and the ALARM pin goes low (if
enabled).

If EALR_REMOTE2_High = ‘0’,
the REMOTE2_High alarm is
masked. When REMOTEZ2 is
above the specified range, the
ALARM pin does not go low, but
the REMOTE2_High_ALR bit is
set

EALR_REMOTE1_FAIL

REMOTET1 fail alarm enable Bit.

R/W

If EALR_REMOTE1_FAIL =1’
the REMOTE1_Fail alarm is en-
abled. When REMOTEH1 fails, the
REMOTE1-FAIL-ALR bitis set
(‘1’), the ALARM pin goes low (if
enabled).

If EALR_REMOTE1-FAIL =‘0’,
the REMOTE1_FAIL alarm is
masked. When REMOTET1 fails,
the ALARM pin does not go low,
but the REMOTE1_FAIL_ALR bit
is set

EALR_REMOTE2_FAIL

REMOTET1 fail alarm enable Bit.

R/W

If EALR_REMOTE2_FAIL = ‘1’,
the REMOTE2-Fail alarm is en-
abled. When REMOTEZ2 fails, the
REMOTE2-FAIL-ALR bit is set
(‘1’), the ALARM pin goes low (if
enabled).

If EALR_REMOTE2_FAIL = ‘0’,
the REMOTE2_FAIL alarm is
masked. When REMOTE?2 fails,
the ALARM pin does not go low,
but the REMOTE2_FAIL_ALR bit
is set

ALARM_LATCH_DIS

Alarm latch disable Bit.

R/W

When ALARM_LATCH_DIS = ‘1",
the Status Register bits are not
latched. When the alarm condition
subsides, the alarm bits are
cleared regardless of whether the
Status Register has been read or
not. When ALARM_LATCH_DIS
= ‘0, the Status Register bits are
latched. When an alarm occurs,
the corresponding alarm bit is set
(‘1°). The alarm bit remains ‘1’ un-
til the error condition subsides
and the Status Register is read.
Before reading, the alarm bit is
not cleared (‘0’) even if the alarm
condition disappears.

1:0

Reserved

0x0

www.onsemi.com

47



http://onsemi.com

CONFIDENTIAL AND PROPRIETARY
NOT FOR PUBLIC RELEASE NCD9812

Table 37. STATUS REGISTERS

Register Information

Description The NCD9812 continuously monitors all analog inputs and temperatures during normal operation.
When any input is out of the specified range N consecutive times; the corresponding alarm bit is set
(*1°). If the input returns to the normal range before N consecutive times, the corresponding alarm bit
remains clear (‘0’).

This configurations avoids any false alarms. When an alarm status occurs, the corresponding alarm
bit is set (‘1’). When the ALARM-LATCH-DIS bit in the Alarm Control Register is cleared (‘0’), the
ALARM pin is latched. Whenever an alarm status bit is set, it remains set until the event that caused
it is resolved and the Status Register is read. Reading the register will not reset the counter
which means if the error remains after the status register is read, then the status bit will not
be cleared.

Offset 0x4F Type: R

Bitfield Details

Field Name Description Access | Default | Sim |Bench Functionality

15 |[Bit_15 Reserved. R 0

14:11 [CHO_ALR:CH3_ALR R 0x0 CHX_ALR = ‘1" when single-end-
ed channel X ( or differential input
pair incase of CHO+/CH1-) is out
of the range defined by the corre-
sponding threshold registers.
CHX_ALR = ‘0’ when the analog
input is not out of the specified
range.

10:9 |Local_Low_ALR: Lo- Local temperatures under range |R 0X0 These bit are only checked when
cal_High_ALR and over range Bits. Local is enabled (EN_Local= ‘1’);
it is ignored when EN_Local = ‘0.

8:7 |REMOTE1_Low_ALR: REMOTE1 remote temperatures |R 0x0 These bit are only checked when
REMOTE1_High_ALR under range and over range Bits. REMOTE!1 is enabled (EN_RE-
MOTE1 = ‘1’); it is ignored when
EN_REMOTE1 =0’

6:5 [REMOTE1_Low_ALR: REMOTE2 remote temperatures |R 0x0 These bit are only checked when
REMOTE1_High_ALR under range and over range Bits. REMOTE2 is enabled (EN_RE-
MOTEZ2 = ‘1’); it is ignored when
EN_REMOTE2 = ‘0’.

4:3 |[REMOTE1_FAIL_ALR: |Remote sensors REMOTE1 and |R 0X0 DX_FAIL_ALR="1" when the sen-
REMOTE2_FAIL_ALR REMOTEZ2 failure flags sor is open circuit or short circuit,
it is 0 under normal circum-
stances.

These bits are only checked when
corresponding sensors (RE-
MOTE1 or REMOTE?2) are en-
abled and ignored otherwise.

2 |THERM_ALR Thermal alarm flag. R 0 When the die temperature is equal
to or greater than +150°C, the bit
is set (‘1) and the THERM_ALR
flag activates. The on-chip tem-
perature sensor (LT) monitors the
die temperature. If LT is disabled,
the THERM_ALR bit is always ‘0’.
The hysteresis of this alarm is
8°C.

1:0 [Reserved R 0x0
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Register Information

Description These bits specify the external analog auxiliary input channels (CHO to CH12) to be converted. The speci-
fied channel(s) is accessed sequentially in order from bit 14 to bit 0. The input is converted when the corre-
sponding bit is set (‘1’).

Offset 0x50 Type: R/W

Bitfield Details

Field Name Description Access | Default | Sim |Bench Functionality

15 |Bit_15 Reserved. R 0
14:13 |SEO:SE1 External single-ended analog input | R/W 0x0 The result is stored in ADC-n-Data
for CHO & CH1. register in 2's complement.
12 |DF(CHO0+/CH1-) |External analog differential input R/W 0 The difference of (CHO — CH1) is
pair, CHO and CH1, with CHO as converted and the result is stored in
positive and CH1 as negative the ADC-0-Data Register in 2's
complement.
11:10 [SE2:SE3 External single-ended analog input | R/W 0x0 The result is stored in ADC-n-Data
for CHO & CH1. register in 2's complement.
9 |DF(CH2+/CH3-) |External analog differential input R/W 0 The difference of (CH2 — CH3) is
pair, CH2 and CH3, with CH2 as converted and the result is stored in
positive and CH3 as negative the ADC-2-Data Register in 2’s
complement.
8:0 |SE4:SE12 External single-ended analog in- |R/W 0X00 The result is stored in ADC-n-Data
puts for CH4 to CH12. register in 2’s complement.
Table 39. CHO & CH1 BIT SETTINGS
Bit 14 Bit 13 Bit 12 Description
1 1 0 CHO and CH1 are both accessed as single-ended inputs. Bit 12 is ignored.
1 0 0 CHO is accessed as a single-ended input. CH1 is not accessed. Bit 12 is ignored.
0 1 0 CH1 is accessed as a singled—ended. CHO is not accessed. Bit 12 is ignored.
0 0 1 Differential input pair CHO + and CH1— is accessed as a differential input.
0 0 0 CHO, CH1, and differential pair CHO+/CH1— are not accessed.

Table 40. CH2 & CH3 BIT SETTINGS

Bit 11 Bit 10 Bit9 Description
1 1 0 CH2 and CH3 are both accessed as single-ended inputs. Bit 9 is ignored.
1 0 0 CH2 is accessed as a single—ended input. CH3 is not accessed. Bit 9 is ignored.
0 1 0 CH3 is accessed as a singled-ended. CH2 is not accessed. Bit 9 is ignored.
0 0 1 Differential input pair CH2 + and CH3- is accessed as a differential input.
0 0 0 CH2, CH3, and differential pair CH2+/CH3— are not accessed.
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Table 41. ADC CHANNEL REGISTER 1

Register Information

Description These bits specify the external analog auxiliary input channels CH13, CH14 and CH15 to be converted.
The specified channel is accessed sequentially in order from bit 14 to bit 0, and then Bit 14 to Bit 12 of
ADC Status Register 1. The input is converted when the corresponding bit is set (‘1°).

Offset 0x51 Type: R/W

Bitfield Details

Field Name Description Access |Default |Sim| Bench Functionality
15 |Bit_15 Reserved R 0
14:12 |SE13:SE15 External single-ended RW 0x0 The result is stored in ADC-n-Data register
analog input for CH13 to in 2’'s complement. (?)
CH15.
11:0 |Reserved R 0

Table 42. ADC GAIN REGISTER

Register Information

Description ADC Gain Registers
Offset 0x52 Type: R/W
Bitfield Details
Field Name Description Access | Default | Sim | Bench Functionality
15 |ADGO Analog input range of single ended |R/W 1 When ADGO = ‘1’, the analog input
CHO or diff pair DF (CHO+/CH1-) range of single-ended input CHO

(SEO0) is 0 to (2 - VREF) or differential
input pair DF(CHO+/CH1-) is

(—2 - VREF) to (+2 - VREF).

When ADGO = ‘0’, the analog input
range of single—ended input CHO
(SEO0) is 0 to VREF or differential input
pair DF(CHO+/CH1-) is —VREF to

+VREF.
14 |ADG1 Analog input range of single ended |R/W 1 When ADG1 = ‘1’, the analog input
CHA1 range is 0 to (2 - VREF).

When ADG1 = ‘0’, the analog input
range of single-ended input CH1
(SE1) is 0 to VREF.

13 |ADG2 Analog input range of single ended |R/W 1 When ADG2 = ‘1’, the analog input
CH2 or diff pair DF (CH2+/CH3-) range of single-ended input CH2
(SE2) is 0 to (2 - VREF) or differential
input pair DF(CH2+/CH3-) is

(—2 - VREF) to (+2 - VREF).

When ADG2 = ‘0’, the analog input
range of single-ended input CH2
(SE2) is 0 to VREF or differential input
pair DF(CH2+/CH3-) is —VREF to

+VREF.
12 |ADG3 Analog input range of single ended |R/W 1 When ADG3 = ‘1’, the analog input
CH3 range is 0 to (2 - VREF).

When ADG3 = ‘0’, the analog input
range of single-end input CH3 (SE3)
is 0 to VREF.

11:0 |ADG4:ADG15 R/W OxFFF When these bits = 1’, the analog in-
put range is 0 to (2 - VREF).

When these bits = ‘0’, the analog in-
put range of CHn (where n = 4 to 15)
is 0 to VREF

www.onsemi.com
50



http://onsemi.com

NCD9812

Table 43. AUTO_DAC_CLR_SOURCE REGISTER

CONFIDENTIAL AND PROPRIETARY

NOT FOR PUBLIC RELEASE

Register Information

Description

This register selects which alarm forces the DAC into a clear state, regardless of which DAC
operation mode is active, auto or manual

Offset

0x53

Type:

R/W

Bitfield Details

Field

Name

Description

Access

Default

Sim

Bench

Functionality

15

Bit_15

Reserved

0

14:11

CHO_ALR_CLR:
CH3_ALR_CLR

CHO to CH3 alarm clear Bits.

R/W

0X0

If CHX_ALR_CLR = ‘1", and if
both the ACLRn bit in the
AUTO_DAC_CLR_EN Register
and the CHX_ALR bit in the Sta-
tus Register are set (‘1’), then
DAC-n is forced to a clear status.
If CHX_ALR_CLR = ‘0’, then
CHX_ALR goes to ‘1’ and does
not force any DAC to a clear sta-
tus.

(X=0,1,2,3)

10

Local_Low _ALR_CLR

Local temperature low alarm
clear Bit.

R/W

If Local_Low_ALR_CLR = ‘1", and
if both the ACLRn bit in the
AUTO-DAC-CLR-EN Register
and the Local_Low_ALR bit in the
Status Register are set ('1’), then
DACn is forced to a clear CLR
status.

If Local_Low_ALR_CLR =0,
then Local_Low_ALR goes to ‘1’
and does not force any DAC to a
clear status

Local_High_ALR_CLR

Local temperature high alarm
clear Bit.

R/W

If Local_High_ALR_CLR =1,
and if both the ACLRn bit in the
AUTO_DAC_CLREN Register
and the Local_High_ALR bit in
the Status Register are set (‘1°),
then DACn is forced to a clear
CLR status.

If Local_High_ALR_CLR =‘0’,
then Local_High_ALR goes to ‘1’
and does not force any DAC to a
clear status.

REMOTE1_Low_ALR CLR

Remote temperature sensor
REMOTE1 Low alarm clear bit.

R/W

If REMOTE1_Low_ALR_CLR =
‘1’, and if both the ACLRn bit in
the AUTO_DAC_CLR_EN Regis-
ter and the REMOTE1-Low-ALR
bit in the Status Register are set
(‘1’), then DACn is forced to a
clear CLR status.

If REMOTE1_Low_ALR_CLR =
‘0’, then REMOTE1_Low_ALR
goes to ‘1’ and does not force any
DAC to a clear status.

RE-

MOTE1_High ALR_CLR

Remote temperature sensor
REMOTE1 High alarm clear bit

R/W

If REMOTE1_High_ALR_CLR =
‘1’, and if both the ACLRn bit in
the AUTO_DAC_CLR_EN Regis-
ter and the
REMOTE1_High_ALR bit in the
Status Register are set ('1’), then
DACn is forced to a clear CLR
status.

If REMOTE1_High_ALR_CLR =
‘0’, then REMOTE1_High_ALR
goes to ‘1’ and does not force any
DAC to a clear status.
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Table 43. AUTO_DAC_CLR_SOURCE REGISTER

Field

Name

Description

Access

Default

Sim

Bench

Functionality

6

REMOTE2 Low_ALR CLR

Remote temperature sensor
REMOTE2 Low alarm clear bit

R/W

0

If REMOTE2_Low_ALR_CLR =
‘1’, and if both the ACLRn bit in
the AUTO_DAC_CLR_EN Regis-
ter and the REMOTE2-Low-ALR
bit in the Status Register are set
(‘1’), then DACn is forced to a
clear CLR status.

If REMOTE2_Low_ALR_CLR =
‘0’, then REMOTE2_Low_ALR
goes to ‘1’ and does not force any
DAC to a clear status.

RE-
MOTE2_High ALR_CLR

Remote temperature sensor
REMOTE2 High alarm clear bit

R/W

If REMOTE2_High_ALR_CLR =
‘1’, and if both the ACLRn bit in
the AUTO_DAC_CLR_EN Regis-
ter and the
REMOTE2_High_ALR bit in the
Status Register are set (‘1’), then
DACn is forced to a clear CLR
status.

If REMOTE2_High_ALR_CLR =
‘0’, then REMOTE2_High_ALR
goes to ‘1’ and does not force any
DAC to a clear status.

REMOTE1_FAIL_CLR

REMOTET1 Fail Alarm clear Bit

R/W

If REMOTE1_FAIL_CLR ='1’,
and if both the ACLRn bit in the
AUTO_DAC_CLR_EN Register
and the REMOTE2_FAIL_ALR
bit in the Status Register are set
(‘1’), then DACn is forced to a
clear status.

If REMOTE1_FAIL_ALR_CLR =
‘0’, then REMOTE1_FAIL_ALR
goes to ‘1’ and does not force any
DAC to a clear status

REMOTE2_FAIL_CLR

REMOTE?2 Fail Alarm clear Bit

R/W

If REMOTE2_FAIL_CLR = ‘1",
and if both the ACLRn bit in the
AUTO_DAC_CLR_EN Register
and the REMOTE2_FAIL_ALR
bit in the Status Register are set
(1’), then DACn is forced to a
clear status.

If REMOTE2_FAIL_ALR_CLR =
‘0’, then REMOTE2_FAIL_ALR
goes to ‘1’ and does not force any
DAC to a clear status.

THERM_ALR_CLR

Thermal alarm clear Bit.

R/W

If THERM_ALR_CLR = ‘1", and if
both the ACLRn bit in the AU-
TO_DAC_CLR_EN Register and
the THERM_ALR bit in the Status
Register are set (‘1’), then DACn
is forced to a clear CLR status.

If THERM_ALR_CLR = ‘0’, then
THERM-ALR goes to ‘1’ and
does not force any DAC to a clear
status.

1:0

Bit1:Bit0

Reserved R
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Table 44. AUTO_DAC_CLR_EN REGISTER

Register Information

Description This register selects which alarm forces the DAC into a clear state, regardless of which DAC operation
mode is active, auto or manual. ACLRn is always ignored when an alarm occurs for a temperature greater
than +150°C
(THERM-ALR = ‘1’). If an alarm activates for a temperature greater than +150°C, and if the
THERM_ALR_CLR bit in the AUTO_DAC_CLR_SOURCE Register is set (‘1’), all DACs are forced into a
clear status. However, if THERM_ALR_CLR is cleared (‘0’), the over +150°C alarm does not force any DAC
to a clear status.

Offset 0x54 Type: R/W

Bitfield Details

Field Name Description Access | Default | Sim | Bench Functionality

15 |Bit_15 Reserved R 0
14:3 |ACLR11:ACLRO |Auto clear DAC-n enable bit. RW 0X0 If ACLRn = “1’, DAC-n is forced into
a clear state when the alarm occurs.
If ACLRn = ‘0’, DAC-n is not forced
into a clear state when the alarm oc-
curs (default).
2:0 |Bit2:Bit0 R 0

Table 45. SW_DAC_CLR REGISTER

Register Information

Description This register uses software to force the DAC into a clear state.
Offset 0x55 Type: R/W
Bitfield Details
Field Name Description Access | Default | Sim | Bench Functionality
15 |Bit_15 Reserved R 0
14:3 [ICLR11:ICLRO |Software clear DACn bit. RW 0X0 If ICLRn = ‘1’, DAC-n is forced into
a clear state when the alarm occurs.
If ICLRn = ‘0’, DAC-n is restored to
normal operation.
2:0 |Bit2:Bit0 R 0

Table 46. HW_DAC_CLR_EN REGISTER

Register Information
Description This register determines which DAC is in a clear state when the \DAC_CLR_0 pin goes low.
Offset 0x56 Type: R/W
Bitfield Details
Field Name Description Access | Default | Sim | Bench Functionality
15 |Bit_15 Reserved R 0
14:3 |HOCLR11: Hardware clear DACn enable bit. R/W 0X0 If HOCLRn = 1’, DAC-n is forced in-
HOCLRO to a clear state when the
DAC_CLR_0 pin goes low.
If HOCLRn = ‘0’, pulling the
DAC_CLR_0 pin low does not effect
the state of DAC-n.
2:0 |Bit2:Bit0 R 0
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Register Information

Description This register determines which DAC is in a clear state when the \DAC_CLR_1 pin goes low.
Offset 0x57 Type: R/W
Bitfield Details
Field Name Description Access | Default | Sim | Bench Functionality
15 |Bit_15 Reserved R 0
14:3 [H1CLR11: Hardware clear DACn enable 1 bit. |R/W 0X0 If HICLRn = ‘1’, DAC-n is forced in-
H1CLRO to a clear state when the
DAC_CLR_1 pin goes low.
If HICLRn = ‘0’, pulling the
DAC_CLR_1 pin low does not effect
the state of DAC-n.
2:0 |Bit2:Bit0 R 0x0
Table 48. DAC_CONFIGURATION REGISTER
Register Information
Description DAC Configuration Register
Offset 0x58 Type: R/W
Bitfield Details
Field Name Description Access | Default | Sim | Bench Functionality
15:12 [Bit_15:Bit_12 |Reserved R 0
11:0 [SLDA11: DAC synchronous load enable bit. |R/W 0X0 If SLDA-n = ‘1, synchronous load is
SLDAO enabled. When internal load DAC

signal ILDAC occurs, the DAC-n
Latch is loaded with the value of the
corresponding DACn-Data Register,
and the output of DAC-n is updated
immediately. The internal load DAC
signal ILDAC is generated by writing
a ‘1’ to the ILDAC bit in the Configu-
ration Register. In synchronous
Load, a write command to the DAC-
n-Data Register updates that regis-
ter only, and does not change the
DAC-n output.

If SLDA-n = ‘0, asynchronous load
is enabled. A write command to the
DAC-n-Data Register immediately
updates the DAC-n Latch and the
output of DAC-n. The synchronous
load DAC signal (ILDAC) does not
affect DACn. the default value of
SLDA-n = ‘0. The NCD9812 up-
dates the DAC Latch only if the IL-
DAC bit was set (‘1’), thereby elimi-
nating unnecessary glitch. Any DAC
channels that have not been ac-
cessed are not reloaded. When the
DAC Latch is updated, the corre-
sponding output changes to the new
level immediately. Note that the SL-
DA-n bit is ignored in auto mode
(DAC-n Mode bits do not equal ‘00’).
In auto mode, the DAC Latch is al-

ways updated asynchronously.

NOTE: The DACs can be forced into a clear state immediately by the external DAC-CLR-n signal, by alarm events, and by writing to the
W_DAC_CLR Register. In these cases, the SLDA-n bit is ignored.
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Table 49. DAC GAIN REGISTER
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Register Information
Description The DACn GAIN bits specify the output range of DACnh.
Offset 0x59 Type: R/W
Bitfield Details
Field Name Description Access | Default | Sim | Bench Functionality
15:12 |Bit_15:Bit_12  |Reserved R 0
11:0 |DAC11GAIN: DACn gain bit. R/W 0X0 Always set DACn GAIN = ‘0’
DACOGAIN If DACn GAIN = ‘0’, the gain = 2 and
the outputis 0 to 2 - VREF

Analog Input Channel Threshold Registers
(Read/Write, Addresses = 5Ah to 61h)

Four analog auxiliary inputs (CHO, CH1, CH2, and CH3)
and three temperature sensors (LT, REMOTEI, and
REMOTE2) implement an out of range alarm function.
Threshold_High_#n and Threshold_Low_n (wheren =0, 1,
2, 3) define the upper bound and lower bound of the nth
analog input range. This window determines whether the nth
input is out_of range. When the input is outside the window,

Table 50. THRESHOLD CODING

the corresponding CH_ALR_r bit in the Status Register is
set to ‘1’. For normal operation, the value of
Threshold_High n must be greater than the value of
Threshold_Low_n; otherwise, CH_ALR_n is always set to
‘1’ and an alarm is always indicated. Note that when the
analog channel is accessed as single_ended input, its
threshold is in a straight binary format. However, when the
channel is accessed as a differential pair, its threshold is in
2’s complement format.

Input Channel Input Type Threshold Stored In Format

Channel 0 Single-Ended Input-0-Threshold-High-Byte Straight Binary
Input-0-Threshold-Low-Byte

Channel 1 Single-Ended Input-1-Threshold-High-Byte Straight Binary
Input-1-Threshold-Low-Byte

Channel 2 Single-Ended Input-2-Threshold-High-Byte Straight Binary
Input-2-Threshold-Low-Byte

Channel 3 Single-Ended Input-3-Threshold-High-Byte Straight Binary
Input-3-Threshold-Low-Byte

CHO+/CH1- Differential Input-0-Threshold-High-Byte 2’'s Complement
Input-0-Threshold-Low-Byte

CH2+/CH3- Differential Input-2-Threshold-High-Byte 2's Complement
Input-2-Threshold-Low-Byte

Table 51. INPUT-n-HIGH-THRESHOLD REGISTER (where n =0, 1, 2, 3)

Register Information

Description
Offset o0x |Type: RIW
Bitfield Details
Field Name Description Access | Default | Sim Bench Functionality
15:12 [Bit_15:Bit_12  |Reserved R 0
11:0 |THRH11: Data bits of the upper-bound R/W OXFFF
THRHO threshold of the nth analog input.
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Table 52. INPUT-n-LOW-THRESHOLD REGISTER (wheren =0, 1, 2, 3)

Register Information
Description
Offset 0x | Type: R/W
Bitfield Details
Field Name Description Access | Default | Sim | Bench Functionality
15:12 |Bit_15:Bit_12  |Reserved R 0
11:0 [THRL11: Data bits of the lower-bound R/W 0X000
THRLO threshold of the nth analog input.
Temperature Threshold Registers
Table 53. LT-HIGH THRESHOLD REGISTER
Register Information
Description
Offset 0x62 Type: R/W
Bitfield Details
Field Name Description Access | Default | Sim Bench Functionality
15:12 |Bit_15:Bit_12  |Reserved R 0x0
11:0 |THRH11: R/W OX7FF
THRHO
Table 54. Local-LOW THRESHOLD REGISTER
Register Information
Description
Offset 0x63 Type: R/W
Bitfield Details
Field Name Description Access | Default | Sim Bench Functionality
15:12 |Bit_15:Bit_12  |Reserved R 0x0
11:0 |THRL11: R/W 0X800
THRLO
Table 55. REMOTE1-HIGH THRESHOLD REGISTER
Register Information
Description
Offset 0x64 Type: R/W
Bitfield Details
Field Name Description Access | Default | Sim Bench Functionality
15:12 |Bit_15:Bit_12  |Reserved R 0x0
11:0 |THRH11: R/W O0X7FF
THRHO
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Register Information

Description
Offset 0x65 Type: R/W
Bitfield Details
Field Name Description Access | Default | Sim | Bench Functionality
15:12 |Bit_15:Bit_12  |Reserved R 0x0
11:0 |THRL11: RW 0X800

THRLO
Table 57. REMOTE2-HIGH THRESHOLD REGISTER

Register Information

Description
Offset 0x66 Type: R/W
Bitfield Details
Field Name Description Access | Default | Sim | Bench Functionality
15:12 |Bit_15:Bit_12  |Reserved R 0x0
11:0 |THRH11: R/W O0X7FF

THRHO
Table 58. REMOTE2-LOW THRESHOLD REGISTER

Register Information

Description
Offset 0x67 Type: R/W
Bitfield Details
Field Name Description Access | Default | Sim | Bench Functionality
15:12 |Bit_15:Bit_12  |Reserved R 0x0
11:0 |THRL11: RW 0X800

THRLO

Hysteresis Registers

Table 59. HYSTERESIS REGISTER 0

Register Information

Description This register contains the hysteresis values for CHO and CH1, with default value 0x0810
Offset 0x68 Type: R/W
Bitfield Details
Field Name Description Access | Default | Sim Bench Functionality
15 |Bit_15 Reserved R 0
14:8 [CHO-HYS-6: |Hysteresis of CHO, 1 LSB per step. |R/W
CHO-HYS-0
7:1 |CH1-HYS-6: Hysteresis of CH1, 1 LSB per step. |[R/W
CH1-HYS-0
0 |[Bit_O Reserved
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Table 60. HYSTERESIS REGISTER 1

NCD9812

Register Information

Description This register contains the hysteresis values for CH2 and CHS3, with default value 0x0810
Offset 0x69 Type: R/W
Bitfield Details
Field Name Description Access | Default | Sim | Bench Functionality
15 |Bit_15 Reserved R 0
14:8 |CH2-HYS-6: Hysteresis of CH2, 1 LSB per step. |[R/W
CH2-HYS-0
7:1 |CH3-HYS-6: Hysteresis of CH3, 1 LSB per step. |R/W
CH3-HYS-0
0 |[Bit_0 Reserved

Table 61. HYSTERESIS REGISTER 2

Register Information

Description This register contains the hysteresis values for REMOTE2, REMOTE1 and LT, with default value 0x2108
Offset O0x6A Type: R/W
Bitfield Details
Field Name Description Access | Default | Sim | Bench Functionality
15 |Bit_15 Reserved R 0
14:10 [REMOTE2-HYS-7:|Hysteresis of REMOTE2, 1°C per RW
REMOTE2-HYS-3 |step. Note that bits
REMOTE2-HYS-[2:0] are always ‘0’
9:5 |REMOTE1-HYS-7:|Hysteresis of REMOTE1, 1°C per R/W
REMOTE1-HYS-3 [step. Note that bits
REMOTE1-HYS-[2:0] are always ‘0’
4:0 (Local-HYS-7: Hysteresis of Local, 1°C per step. R/W
Local-HYS-3 Note that bits Local-HYS-[2:0] are

always ‘0’
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Table 62. POWER DOWN REGISTER

NCD9812

CONFIDENTIAL AND PROPRIETARY

NOT FOR PUBLIC RELEASE

Register Information

Description After power—on or reset, all bits in the Power-Down Register are cleared to ‘0’, and all the components
controlled by this register are either powered-down or off. The Power-Down Register allows the host to
manage the NCD9812 power dissipation. When not required, the ADC, the reference buffer amplifier, and
any of the DACs can be put into an inactive low—power mode to reduce current drain from the supply. The
bits in the Power—Down Register control this power—down function. Set the respective bit to ‘1’ to activate
the corresponding function.

Offset 0x6B Type: R/W

Bitfield Details

Field Name Description Access | Default | Sim | Bench Functionality

15 Bit_15 Reserved R 0

14 Bit_14 Power-down mode control bit. R/W If PADC = ‘1", the ADC is in normal

operating mode.
If PADC = ‘0, the ADC is inactive in
low-power mode.

13 Bit_13 Internal reference in power-down |R/W If PREF = ‘1’, the reference buffer

mode control bit amplifier is powered on.
If PREF = ‘0’, the reference buffer
amplifier is inactive in low—power
mode.

12:1 |PDACO:PDAC11 [DACn power—down control bit. R/W If PDACn = ‘1’, DACn is in normal

operating mode.

If PDACn = ‘0’, DACn is inactive in
low-power mode and its output buf-
fer amplifier is in a Hi-Z state. The
output pin of DACn is internally
switched from the buffer output to
the analog ground through an inter-
nal resistor.

0 Bit_0 Reserved
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CONFIDENTIAL AND PROPRIETARY
NOT FOR PUBLIC RELEASE NCD9812

PACKAGE OUTLINE

TQFP-64 EP, 10x10

CASE 136AC
ISSUE O
JOP VIEW BOTTOM VIEW
' {D}

SEE DETAIL "C”

A

N L ENGHELLELEEL LR NOTE: EXPOSED PAD
OPTION. (FOR REFERENCE ONLY)

N/4 TIPS
4

2

A DIMENSION D2 AND E2 REPRESENT THE SIZE OF THE EXPOSED PAD.
THE ACTUAL DIMENSIONS ARE SPECIFIED ON THE BONDING DIAGRAM,
AND IS DEPENDENT ON THE DIE SIZE.

0* MIN.
l DATUM 0.08/0.20 R.
A2 PLANE —
| \
t 7
Al 0.08 / [0.25]
R. MIN 0-7*
| / ’ 0.20 MIN—]|
0.09/0.20 f A 0.09/0.16
\ ’ ’ / 1.00 REF.
' ” ”
AN b, / DETAIL "B
\ /
-
JEDEC VARIATION
$ ALL DIMENSIONS IN MILLIMETERS
¥ ACD
[
L MIN. NOR. MAX.
A e e 1.20
0.30 MAX. A1 0.05 e 0.15
A2 0.95 1.00 1.05
(0.254) D 12.00 BSC.
(0.254) 01 10.00 BSC.
E 12.00 BSC.
TYP. TYP. E4 10.00 BSC.
L 0.45 | 060 | 0.75
DETAIL "C” N 64
(EXPOSED PAD CORNER DETAIL) e 0.50 BSC.
b 017 | 022 | o0.27
b1 017 | 020 | 0.23
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CONFIDENTIAL AND PROPRIETARY
NCD9812 NOT FOR PUBLIC RELEASE

PACKAGE OUTLINE

QFN64 9x9, 0.5P

CASE 485CQ
ISSUE O
L NOTES:
D] [B] 1. DIMENSIONING AND TOLERANCING PER
ASME Y14.5M, 1994
PIN ONE 2. CONTROLLING DIMENSIONS: MILLIMETERS.
LOCATION 3. DIMENSION b APPLIES TO PLATED
[ TERMINAL AND IS MEASURED BETWEEN
DETAIL A 0.15 AND 0.25mm FROM THE TERMINAL TIP.
ALTERNATE 4. COPLANARITY APPLIES TO THE EXPOSED
CONSTRUCTION PAD AS WELL AS THE TERMINALS.
MILLIMETERS

————— L [E] DIM[_MIN | MAX

| A | 080 | 0.90

A1] 000 | 005
| A3 | 0.20 REF

| b | 018 | 0.30
| D | 9.00BSC
A . D1| 875BSC

2X|O| 015 [ C D2 [ 590 [ 6.10
E 9.00BSC
E1]| 8.75BSC

2x 015 |C TOP VIEW E2| 590 | 6.10
e 0.50 BSC

(A3) - L | 030 ] 050

21010 [C { M 0° 14°

NOTE4 SIDE VIEW PLANE RECOMMENDED
LDERING FOOTPRINT
SJon0®c[A[8) SOLDERING FOO
DETAIL A X L B 238 > f 8‘.%(2
T OO0000066008000

}

6.30 9.30

+

g o

oo = a8 €(010® |C|A|B
64 el ||~ ||« 6ax b EQ-L;] J
L & 0.10@|C Al B| 85$LINE 0.50 *I I" ——IL—S‘.%(Z

BOTTOM VIEW 0.05@) C| NoTE s PITCH DIMENSIONS: MILLIMETERS

Eﬂf ninigjuinin|nininfpininl s
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