NST5111

I2C and I°C Serial Interface Temperature Sensor

NOVOSLENSLE

Compatible with JEDEC JESD302-1.01 for DDR5

Product Overview

The NST5111 (TS5) devices incorporate high
accuracy thermal sensing capability which is
controlled and read over two-wire bus. The TS5
device operates from a 1.8 V nominal power supply
(vDDSPD) and a 1.0 V nominal power supply
(VDDIO). The TS5 device is compatible with JEDEC
JESD302-1.01 standard and is intended to operate
up to 12.5 Mhz on a 1.0V I13C Basic bus or up to 1
Mhz on a 1.0 V to 3.3 V (Grade dependent) 12C bus.
The TS5 device is intended to interface to 12C or 13C
Basic bus which has multiple devices on a shared bus,
and must be wuniquely addressed with fixed
addressing on the same bus. All TS5 devices respond
to specific pre-defined device select codes on the
two-wire bus.

The TS5 is an important component of the DDR5
server DIMMs. The current mainstream DIMMs are
expected to be equipped with 2TS5 chips per DIMM.

Key Features

e TS5 Device, JEDEC JESD302-1.01 Compliant
*  JEDEC temperature accuracy specification:
+75°C to +95°C: £0.5°C(typ.)
+40°C to +125°C: £1°C(typ.)
—40°C to +125°C: £2°C(typ.)

*  Two-wire Programmable 12C or I13C Basic Bus
Serial Interface

* Upto 12.5 Mhz Transfer Rate
*  Power Supply: 1.8V VDDSPD, 1.0V VDDIO
e Supports 1.0V, 1.1V and 1.2V Push Pull IO Levels

e Supports 1.0V, 1.1V, 1.2V, 1.8V, 2.5V and 3.3V
Open Drain 10 Levels

*  11-bit Resolution:0.25°C (1LSB)
»  Packet Error Check (PEC) Function
*  Parity Error Check Function

*  Bus Reset Function
Two Unique Addresses Selected by SA Pin
* InBand Interrupt (IBI)
*  6-ball WLCSP Package
*  Operating Temperature Range: -40°C to 125°C

Applications
DDR5 DIMM Modules

* PC, Server Platforms

*  Industrial Temperature Monitors
Solid State Disk (SSD)

Device Information

Part Number
NST5111

Package
WLCSP - 6

Body Size
0.8mm x 1.3mm

Functional Block Diagrams

VDDIO =1.0V VDDSPD =1.8V

vDDIO VDDSPD
SDA NST511X SA

SCL Vss

—| vbDIO
SDA NST511X SA
SCL Vss

VDDSPD

LSDA

SPD5 Hub

LsCL

Local Sideband Bus

Figure 1. NST5111 Block Diagram
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1. Pin Configuration and Functions
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Figure 1.1 NST5111 Package

The TS5 device is packaged in 6-ball WLCSP. Ball pitch is 0.5 mm. Package size is 0.8 + 0.05 mm x 1.3 £ 0.05 mm. The
ball diameter is 0.22 mm (after balls attach reflow) and maximum package thickness including the bump is 0.6 mm.
The pinout for TS5 is shown in Figure 1.1 below. The pinout is a TOP view.

NST5111 PIN

NO.

Symbol

Table 1_1 NST5111 Pin Configuration and Description

Description

C2 VDDSPD | 1.8 V Input Power Supply. Connect minimum of 1.0uF capacitor to VSS.

C1 VSS GND

A1 SCL [2C/1*C Basic Input Clock

B1 SDA [2C/13C Basic Data

B2 SA I2C/I3C Basic Address Pin. This pin is tied to either VSS or VDDSPD to establish the 4-
bit LID.

A2 VDDIO 1.0V Input Power Supply. Connect minimum of 1.0uF capacitor to VSS.
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2. Electrical Specifications

2.1. Absolute Maximum Ratings
Table 2_1 Absolute Maximum Ratings’

Symbol Parameter ‘ Mix. ‘ Max. Unit ‘
Tste Storage temperature -65 150 °C
Ty Junction temperature -55 150 °C
VDDIO Supply voltage -0.5 21 \%
VDDSPD Supply voltage -0.5 21 \%
Vhsa Voltage on SA Pin -0.5 21 \%
VscL spa Voltage on SCL, SDA Pins -0.5 2.1 \%

1.Stressing the device above the rating listed in the Absolute Maximum Ratings table may cause permanent damage to the device. These are
stress ratings only and operation of the device at these or any other conditions above those indicated in the Operating sections of this specification
is not implied. Exposure to Absolute Maximum Rating conditions for extended periods may affect device reliability.

2.2. ESD Ratings

Table 2_2 ESD Ratings

Symbol Parameter Test Condition Unit
Human body model (HBM), per ANSI/ESDA/JEDEC JS- +7000 Vv
Vv Electrostatic 001’ =
ESD discharge Charged device model (CDM), per JEDEC specification +2000 Vv
JESD22-C1012 -

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

2.3. Operating Condition, Measurement Condition
Table 2_3 Operating Condition

Symbol Parameter Min. Typ. Max. ‘ Unit ‘
VDDSPD Input Supply Voltage' 1.7 1.8 1.98 \
VDDIO Input Supply Voltage? 0.95 1 1.05 Vv
Tease Case operating temperature -40 125 °C

1.For DDR5 DIMM application, the DDR5 PMIC VOUT_1.8V setting should be selected such that absolute Min and Max values for SPD Hub
specification are not violated.
2.For DDR5 DIMM application, the DDR5 PMIC VOUT_1.0V setting should be selected such that absolute Min and Max values for SPD Hub
specification are not violated.

Input Signal Swing Input Levels for
Levels timing reference
0.8V
- 0.7V
— 0.3V
0.2V

Figure 2_1 AC Measurement Waveform
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Table 2_4 Input Parameters

Symbol Parameter Test Condition Min. Max. @ Unit ‘
Cin Input capacitance (SDA, SCL) - - 4 pF
. _ _ Single glitch, f <100 ) ) ns
tsp Pulse width of splkes V\(hlch must be suppressed by the ' KHz
input filter in 12C mode Single glitch, f > 100 0 50 ns
KHz
1.TA=25°C, f =400 kHz
2 Verified by design and characterization, not necessarily tested on all devices.
Table 2_5 Output Ron Specification
Symbol Parameter ‘ Min. | Max. @ Unit ‘
Ron SDA Output Pullup and Pulldown Driver Impedance 40 100 | Ohm
1.Pulldown Ron = Vout / lout; Pullup Ron = (VDDIO - V) / lout
2.4. DC Characteristics
Table 2_6 DC Characteristics
Symbol Parameter Test Condition Min ‘ Typ  Max | Unit
ILi Input Leakage Current 8 MA
Io Output Leakage Current 8 MA
Ioo Operation Current VDDSPD = 1.8V 81 HA
lsp Shutdown Current VDDSPD = 1.8V 22 WA
Vi Input Low Voltage -0.3 0.3 \%
Vi Input High Voltage 0.7 1.35 \%
VoL Output Low Voltage 3mA sink current 0.3 \%
Vo Output High Voltage 3mA source current 0.75 \%
lou Output Low Current (SDA) VOL = 0.3V -3 mA
lon Output High Current (SDA) VOH =VDDIO - 0.3V -3 mA
Rising Output Slew Rate (SDA)? 0.1 1 V/ns
Slew_Rate -
- Falling Output Slew Rate (SDA)? 0.1 3 V/ns
Monotonic rise between
VeoN Power On Reset Threshold VPON and VDDSPD(min) 1.6 \%
without ringback
Veorr Power Off Thr‘gsnhg'scffe’r Warm Power | N ringback above VPOFF 03 | Vv

1.Thermal sensor is active.

2.0utput slew rate is guaranteed by design and / or characterization. The output slew rate reference load is shown in Figure2
shows the timing measurement points. For slew rate measurements, the Von level shown in Figure2 6 is a function of Ron value; Vor = {1.0 / (Ron

+50)} * 50.

5and Figure2 6.
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2.5. AC Characteristics
Table 2_7 AC Characteristics

PC Mode - Open Drain 13C Basic - Push-

Parameter Pull Unit

Min.

Max.

Max.

fscL Clock Frequency 0.01 1 0 12.5 Mhz
tHicH Clock Pulse Width High Time 260 - 35 - ns
tLow Clock Pulse Width Low Time 500 - 35 - ns
trimeout Detect Clock Low Timeout 10 50 10 50 ms
tr SDA Rise Time?3 - 120 - 5 ns
te SDA Fall Time??® - 120 - 5 ns
tsu:pat Data In Set-up Time? 50 - 8 - ns
tHp:DI Data In Hold Time? 0 - 3 - ns
tsu:sTa Start Condition Setup Time? 260 - 12 - ns
tHD:sTA Start Condition Hold Time? 260 - 30 - ns
tsu:sto Stop Condition Setup Time? 260 - 12 - ns
Time between Stop Condition and
teur next Start Condition?4 500 - 500 - ns
trorr Warm Power Cycle Off Time 1 - 1 - ms
Time from Valid 1.8V Supply to Sense
tsonse_sh SA Pin for LID Code Assignment i S ) 5 ms
Time from Power On to First
tinir Command 10 - 10 - ms
trsT Device Re-initialization Time - - 40 us
t Bus Available Time (No Edges Seen ) ) 1 ) s
AVAL on SDA and SCL) H
t Time to Issue IBI after an Event is ) ) ) 15 s
IBLISSUE Detected when Bus is Available H
Time from Clear Register Status to
tcLR 13c_cMD_Delay any I13C Operation with Start Condition - - 2.5 - us
to Avoid IBI Generation; PEC Disabled
Time from Clear Register Status to
any I13C Operation with Start Condition - - 15 - us
to Avoid IBI Generation; PEC Enabled
SCL Falling Clock In to HSDA Data
tHD:DAT Out Hold Time® 0.5 350 N/A N/A ns
SCL Falling Clock In to HSDA Valid
toout Data Out Time® N/A N/A 0.5 12 ns
toorrT SCL Rising CIO%(ﬁ!? to SDA Output N/A N/A 05 12 ns
SCL Rising Clock In to Controller SDA
toorrc 9 Output Off N/A N/A 0.5 tweH | ns
SCL Rising Clock In to Controller
teL r DAT £ Driving SDA Signal Low? N/A N/A 40 - ns
DEVCTRL CCC Followed by
tbEvCTRLCCC_DELAY_PEC_DIS DEVCTRL CCC or Register 3 - 3 - us
Read/Write Command Delay'®1"12
Register Write Command Followed by
twR_RD_DELAY_PEC_EN Register Read Command Delay in N/A N/A 8 - us
PEC Enabled Mode'3 41
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SETHID CCC or SETAASA CCC to
tizc_ccc_update_Delay any other CCC or Read/Write 2.5 - - - us
Command Delay

RSTDAA CCC or ENEC CCC or
tisc_ccc_update_Delay DISEC CCC to any other CCC or - - 25 - V&
Read/Write Command Delay

tcec_pelay Any CCC to RSTDAA CCC delay N/A N/A 2.5 - VE

1.13C mode with Open Drain operation follows timing values as shown in 12C Mode - Open Drain column.
2.See Figure2_ 2 for input timing parameter definition.
3.See Figure2 7 for voltage threshold definition for rise and fall times.

4.1f PEC is enabled, twr_RD_DELAY_PEC_EN timing parameter also applies.
5.See Figure2 4 for output timing parameter definition.

6.The TS5 device must be in configured in I3C Basic mode to guarantee tpour value. See Figure2 3 for output timing parameter definition. See
Figure2 5 for output timing parameter measurement reference load.

7.The TS5 device must be configured in I3C Basic mode to guarantee tporer vValue. See Figure5 1 .See Figure2 5 for output timing parameter
measurement reference load. Also refer to MIPI Alliance Specification for I3C Basic Version 1.0-19 July 2018, section 5.1.2.3.2, Transition from
Address ACK to Mandatory Byte during IBI.

8.The TS5 device must be configured in 1I3C Basic mode. The Host guarantees tporrc value. See Figure5 2. See Figure2 5 for output timing
parameter measurement reference load.

9.See Figureb 4.

10.From STOP condition of DEVCTRL CCC to START condition for Register Read or Register Write Command Data Packet delay.

11.The TS5 device may send ACK or NACK if Host does not satisfy toevcrricee pecav pec ois timing parameter.

12.This timing parameter restriction is only applicable when PEC function is disabled in TS5. If PEC is enabled, this timing parameter does not
apply.

13.From STOP condition for Register Write Command Data Packet to START condition for Register Read Command Data Packet delay.

14.This timing parameter restriction is only applicable when PEC function is enabled in TS5. If PEC is disabled, this timing parameter does not
apply.

15.The TS5 device may send ACK or NACK if Host does not satisfy twr ro perar pec en timing parameter.

Copyright © 2025, NOVOSENSE Page 8



NST5111

2.6. AC Timing Definition

2.6.1.I1°C or I’C Basic Bus Timing
The TS5 device follows the I2C or I°C Basic bus timing requirements. The Figure2 2 and Figure2 3 show the timing diagram
for Data Bus Input and Data Output parameters.

Figure 2_2 I°C or I’C Basic Bus AC Input Timing Parameter Definition

SCL

— = VIHmin

— — = VILmax

SDA

SCL
— = VIHmin

— — = VILmax

—————————————————————— VOHmIn

SDA
——————— VOLmax

Figure 2_4 1°C Bus AC Data Output Timing Parameter Definition

50 Omh
SDA

SCL

5mm

Figure 2_5 Output Slew Rate and Output Timing Reference Load
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Delta tF Delta tR
SDA < > < > VOH
- - —  T70%*VOH
- - 30%*VOH
Figure 2_6 Output Slew Rate Measurement Points
12C 13C
tF tF
SCL, «—> SCL, «—>
SDA SDA
—_ N —— - 0.7V - N —— - 0.7V
- - -—-—- 0.3V -t -—-—-—- 0.3V
12C 13C
tR tR

A
Y
A
\ 4

- - —-———- 0.3V -——f—tr———- 0.3V
SCL, / scL,

SDA SDA

Figure 2_7 Rise and Fall Timing Parameter Definition

2.7. Temperature Sensor Performance
Table 2_8 Temperature Sensor Performance

Symbol ‘ Parameter Test Condition Min ‘ Typ Max | Unit ‘

Temperature S;r;%re/;\ccuracy(Actlve +75°C < Ta < +95°C ) +0.5 +1.0 °C

Tace Temperature Sensor Accuracy(Monitor +40°C < Ta < +125°C ) +1.0 +20 °c

Range)
Temperature Sensor Accuracy(Industrial 40°C < Ta < +125°C ) +20 +3.0 °c
Temperature Range)

Rrs Temperature Sensor Resolution 0.25 °C
Thvst Hysteresis between temperature events 1 - - °C
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3. Device Power Up, Reset and Initialization

3.1. Device Power Up
The TS5 device has one VDDSPD supply input and one VDDIO supply input.

In order to prevent inadvertent operations during power up, a Power-On Reset (POR) circuit is included. On cold power on,
VDDSPD input supply must rise monotonically between VPON and VDDSPDmin without ringback to ensure proper startup.

The TS5 device uses VDDIO supply for its 10 levels and it must reach VDDIOmin to ensure proper operation of 12C or 13C
Basic bus interface.

Once the VDDSPD and VDDIO supply is valid and stable, the TS5 device shall:

1.0nce VDDSPD supply is valid and stable, within tsense_sa time, sense its SA pin to automatically configure the LID code
based on what is detected on SA pin.

2.Enable I12C interface within tint time and be ready to receive the command from the Host. The TS5 device is ready for
operation after tin time.

Vppspomin — — -—— - I
VPONmin - +———- <

A\ 4

tINIT

VDDSPD

Vbbio Command

I
I
: Ready to accept I12C
|
I

I
| tSense_SA
1

Figure 3_1 Device Power Up Sequence

3.2. Device Reset and Initialization

At power down (phase during which VDDSPD input supply decreases continuously), as soon as VDDSPD input supply
drops below the VDDSPDmin, the TS5 device does not guarantee the operation.

On warm power cycling, the VDDSPD and VDDIO input supply must remain below VPOFF for tPOFF and must meet cold
power on reset timing when restoring the power.

3.3. Bus Clear

The TS5 device supports the following described Bus Clear feature in 1°C mode only. Any attempt by Host to perform I12C
Bus Clear on a Target device in I°C mode may result in an active drive bus contention on the SDA data line.

There may be abnormal circumstances when the host abruptly stops clocking SCL while the Target device is in the middle
of outputting data for read operation. For this type of events, the SDA data line may appear as stuck low as the device is
expecting to receive more clock pulses from the Host. Eventually when the Host has control of the SCL clock, the Host may
optionally clear the device that is stuck low on the SDA data line by sending continuous 18 clock pulses without driving the
SDA data line followed by STOP operation. The device floats the SDA line within 18 clock pulses and returns to the Idle
state. The device is ready for normal new transaction with Start condition.

3.4. Bus Reset

To prevent a malfunctioning device from locking up the 12C bus or I3C Basic bus, a bus reset mechanism is defined. It uses
a timeout mechanism on SCL as shown in Figure3 1 to force a device bus reset. All devices on an I?C or I°C Basic bus
reset simultaneously. Bus reset operation works in the same way regardless of whether the device is operating in I°C or I°C
Basic mode.

To guarantee the device resets I12C bus or I*C Basic bus, the HSCL clock input Low time has to be greater than or equal to
triMEOUT (Max).

The TS5 device does not reset 1°C bus or I°C Basic bus if the SCL clock input Low time is less than triveoutuin).

If the SCL clock input Low time is between triveoutviny and trimeoutvax), the TS5 device does not guarantee and it may or
may not reset the I1°C bus or I3C Basic bus.
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When RESET, the TS5 device takes the following actions:
1. Interface and any pending command or transactions are cleared.
2. All internal register values are preserved unless noted otherwise in item # 3 below.

3. Device returns to I°C mode of operation; Table 9 11 MR7[3:1] resets to ‘111’; Table 9_12 MR18[7:5] resets to ‘000’;
Table 9 16 MR27[4] resets to ‘0’; Table 9 29 MR52[1:0] resets to ‘00’.

4. Device does not re-sample SA pin.
5. Device floats the SDA pin such that it gets pulled High by external/other device pullup.
6. Device treats bus resets as STOP operation.

< tTIMEOUT(Max) >
HSCL < tTIMEOUT(Min) —————> ———
Resets I2C/I3C Interface
vy OO @ O .
HSCL—— —+1 | A e — -
Vv f Does Not Resets I°C/I3C Interface
I N S A
HSCL————— —t————
May or May Not Resets I2C/I3C Interface
Vi —_——_———————

Figure 3_1 I12C or I3C Basic Bus Reset - TS5 Device
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4. 10 Operation

At power on, by default, the TS5 device comes up in legacy I1°C mode of operation with Open Drain |10 for its interface. The
maximum speed is limited to 1 Mhz and supported IO voltage levels are from 1.0V to 3.3V for Grade Aand 1.0 Vto 1.2V
for Grade B.

After power on, the Host may put the TS5 device in I3C mode of operation. In I°C Basic mode of operation, the maximum
speed is limited to 12.5 Mhz and supported IO voltage levels are from 1.0 V to 1.2 V.

In 13C Basic mode, the Host may drive the SCL clock input of the TS5 device using either push-pull output driver or using
the open-drain output driver. It is expected that for all DDR5 DIMM family environment, the Host may always drive the SCL
clock input using a push-pull output driver.

To support in band interrupt, the TS5 device supports dynamic switching between Open Drain mode and Push Pull mode
on its SDA bus for various events. The Table4 1 below describes the different mode of operation by the TS5 device for each
cycle.

Table 4_1 TS5 Device Dynamic 10 Operation Mode Switching

Features Open Drain Mode Push Pull Mode
START + Device Select Code Yes No
START + 7’h7E IBI Header Byte Yes No
REPEAT START + Device Select Code No Yes
REPEAT START + 7’h7E Header Byte No Yes
CCC Bytes (i.e after 7’7h7E+W=0+ACK) No Yes
STOP No Yes
ACK/NACK Responses Yes No
Command, Block Address, Address Operation No Yes
Interrupt Request by Target + Device Select Code Yes No
IBI Payload No Yes
Write Data, T-bit sequence No Yes
Read Data, T-bit sequence No Yes
PEC, T-bit sequence No Yes
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5. Device Interface - Protocol
5.1. I?C and I3C Basic Operation

At power on, by default, the TS5 device comes up in I2C mode of operation. Following applies in I?°C mode:
The maximum operation speed is limited to 1 Mhz.

In-band interrupts are not supported.

Bus reset is supported.

Parity check is not supported except for supported CCCs.

IS

Packet Error check is not supported.

The TS5 device shall operate in the 1°C mode until put into I°C Basic mode via command.
The Host may put the TS5 device in I°C Basic mode by issuing SETAASA CCC.
Following applies in I*C mode:

1. The maximum operation speed is up to 12.5 Mhz.

In-band interrupts are supported.

Bus reset is supported.

Parity check is always enabled by default.

oA W

Packet error check is supported and by default is disabled.

5.2. Serial Address of the TS5 Device

The 7-bit serial address of the TS5 device applies to both I1>C and I3C Basic mode of operation identically.
The TS5 device 4-bit binary value is 0010b or 0110b depending on sample status of SA pin on power up.

The TS5 device samples the status of the SA pin on power up. The sampled status of the SA pin is used to select one of
the two possible unique LID code for the device. The selected LID code either 0010b or 0110b is merged with a 3-bit HID
code Table 911 MR7[3:1] to establish the 7-bit address code for the device. With the default setting in Table 9_11 MR7[3:1]
=‘111’; if the SA pin is connected to VSS, the device address shall be 0010 111b and if the SA pin is connected to VDDSPD,
the device address shall be 0110 111b.

Table 5_1 7-bit Address of TS5 Device

Bit 3 Bit 2 Bit 1 Bit 0
0 SA 1 0 1 1 1 R/W
TS5 Device Type ID (LID) Host ID (HID) Read/Write

5.3. Switch from I2C Mode to I3C Basic Mode

By default when TS5 first powers on, it operates in 1°C mode. The TS5 device shall operate in 1°C mode until put into I3C
Basic mode via command.

In 12C mode, the Host is allowed to issue only 3 CCCs (DEVCTRL, SETHID, SETAASA). All other CCCs are not supported
and the TS5 device may simply ignore it. The Host must issue DEVCTRL and SETHID CCC first (if required) followed by
SETAASA CCC.

The Host puts the TS5 device in I°C Basic mode by issuing SETAASA CCC.
When SETAASA CCC is registered by the TS5 device, it updates the Table 9_12 MR18[5] to ‘1’.
When SETHID CCC is registered by the TS5 device, it updates the Table 9_11 MR7[3:1].

5.4. Switch from I3C Basic Mode to 12C Mode
The Host can put the TS5 device back in I2°C mode from I°C mode at any time by issuing RSTDAA CCC.
When RSTDAA CCC is registered by the TS5 device, it updates the Table 9_12 MR18[5] to ‘0’.

5.5. I12C Target Protocol

The TS5 devices operate on a standard 1°C serial interface. Transactions where the TS5 device is the targeted Target device
begin with the Host issuing a START condition followed by a 7-bit TS5 device address then a read or write bit, RW. All data
are transmitted with the most significant bit MSB first. During the address followed by R/W bit transmission, the TS5 device
typically replies with an ACK unless there are conditions when it may passively assert a NACK.
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The TS5 device accepts 1 byte of address which covers 256 bytes of registers. The TS5 device volatile register space does
not require page selection process as all registers are within first 256 bytes.

5.5.1.Write Operation - Data Packet

Table 5_2 Write Command Data Packet

Start Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 A/N
SS:_’I 0 X 1 0 HID W=0 A
Address [7:0] A
Data A
Data A
A
Data A SrorP

1.In 1°C mode, Start or Repeat Start operation followed by 7’h7E with W=0 is only allowed for the purpose of issuing CCCs that are allowed in I°C
mode. Any other operation including another Repeat Start is considered an illegal operation.

5.5.2. Read Operation - Data Packet

Table 5_3 Read Command Data Packet

Start Bit7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 A/N

S or Sr’ 0 0 1 0 HID W=0 A
Address [7:0] A
Sr 0 0 1 o | HID R=1 A2
Data A
Data A
A

Data N SrorP

1. In I2C mode, Start or Repeat Start operation followed by 7’h7E with W=0 is only allowed for the purpose of issuing CCCs that are allowed in
I’C mode. Any other operation including another Repeat Start is considered an illegal operation.

2. If Target device NACKs during Repeat Start for any reason, the Host may re-try Repeat Start again. The Host can do the Repeat Start as
many times it may desire.

5.5.3. Default Read Address Pointer Mode

During normal operation of the DDR5 DIMM, the Host periodically may poll critical information from the same location. An
example may be the TS5 device’s temperature readout. To help improve the efficiency of the I2C bus protocol, the TS5 offers
a default read address pointer mode so that whenever the TS5 device sees the STOP operation on its SCL and SDA bus,
its read address pointer always resets to default address. The default read pointer address mode is enabled through register
Table 9_12 MR18[4] and default starting address for read operation is selectable through register Table 9_12 MR18[3:2].
This allows Host to read the read command data packet as shown in 5_4. The default read address pointer reduces the
packet overhead by 2 bytes. The Host typically enables this mode when the normal operation of the DDR5 DIMM begins.

Table 5 4 Read Command Data Packet w/ Default Address Pointer Mode

Start Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 A/N

SorSr 0 X 1 0 HID R=1
Data

Z|> | > >

Data
5.6. I3C Basic Target Protocol - Host to TS5 Device

5.6.1. Write Operation Data Packet

The TS5 devices operate on a standard I°C serial interface. Transactions where the TS5 device is the targeted Target device
begin with the Host issuing a START condition followed by a 7-bit TS5 device address then a write bit, RW. All data are
transmitted with the most significant bit MSB first. During the address followed by R/W bit transmission, the TS5 device
typically replies with an ACK unless there are conditions when it may passively assert a NACK. The ‘T’ bit carries Parity
information from the Host for each byte.

The Packet Error Code (PEC) function is disabled by default when the TS5 device is put in I3C Basic mode.
Copyright © 2025, NOVOSENSE Page 15
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The Host may enable this function through DEVCTRL CCC (RegMod = ‘0’). If enabled, the PEC is appended at the end of
all transactions. If PEC is enabled, the Host must complete the burst length as indicated in CMD field. In other words, the
Host must not interrupt the burst length pre-maturely for Write operation.

Table 5_5 Write Command Data Packet; PEC Disabled

Start Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 A/N/T = Stop
SorSr 0 X 1 0 HID wW=0 A28
Address [7:0] T
Data T
T
Data T Srl‘:‘)or

1. See Figure5_1 to see how the transition occurs from Target Open Drain (ACK) to Host Push Pull Operation (1st bit of Address, bit[7]).
2. The TS5 NACKSs if there is a parity error in a previous transaction when Host performs consecutive transactions with Repeat Start.

The TS5 device does not check for parity error in subsequent bytes when it determines 7-bit device select code issued by the Host does not
match with its own device code. The TS5 device ignores the entire packet until STOP or next Repeat Start operation.

4. Repeat Start or Repeat Start with 7’h7E.

Table 5_6 Write Command Data Packet; PEC Enabled

Start Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 A/NT Stop
SorSr 0 X 1 0 HID W=0 | A'23
Address [7:0] T
CMD w=0 | o | o 0 0 T
Data T
T
Data T

PEC T Sr:,or

1. See Figure5_1 to see how the transition occurs from Target Open Drain (ACK) to Host Push Pull Operation (1st bit of Address, bit[7]).
2. The TS5 NACKSs if there is a parity or PEC error in a previous transaction when host performs consecutive transactions with Repeat Start.

The TS5 device does not check for parity or PEC error in subsequent bytes when it determines 7-bit device select code issued by the host
does not match with its own device code. The TS5 device ignores the entire packet until STOP or next Repeat Start operation.

4. Repeat Start or Repeat Start with 7’h7E.

The Host may optionally allow TS5 device to request IBIl. For this case, the transactions to the TS5 device begin with the
I3C Basic Host issuing a START condition followed by 7’h7E and then write bit. If TS5 device has a pending IBI, it transmits
its 7-bit device select code followed by R=1. If TS5 device has no pending IBI, there is no action taken by TS5. The Table5 7
and Table5 8 show the I°C Basic bus write command data packet with optional 1Bl header for PEC disabled and PEC
enabled cases respectively. Note that in Table5 8, PEC calculation does not include IBI header byte (7’h7E followed by
W=0).

Table 5_7 Write Command Data Packet w/ IBl Header; PEC Disabled

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 A/N/T | Stop
S 1 1 1 1 1 1 0 W=0 A3
Sr 0 X 1 0 HID W=0 A234
Address [7:0] T
Data T
T
5
Data T SrPor

See Figure5_1 to see how the transition occurs from Target Open Drain (ACK) to Host Push Pull Operation (Repeat Start).

2. See Figure5_3 to see how the transition occurs from Host Push Pull Operation to Target Open Drain (ACK) and Figure to see how the

transition occurs from Target Open Drain (ACK) to Host Push Pull Operation (1st bit of Address, bit[7]).

3. The TS5 NACKSs if there is a parity error in a previous transaction when Host performs consecutive transactions with Repeat Start.
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4. The TS5 device does not check for parity error in subsequent bytes when it determines 7-bit device select code issued by the Host does not
match with its own device code. The TS5 device ignores the entire packet until STOP or next Repeat Start operation.

5. Repeat Start or Repeat Start with 7’h7E.

Table 5_8 Write Command Data Packet w/ IBI Header; PEC Enabled

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 AN/T | Stop
S 1 1 1 1 1 1 0 w=0 | A3
Sr 0 X 1 0 HID w=0 | A234
Address [7:0] T
CMD w=0 | 0 T
Data T
. T
Data T
5
PEC T | S

See Figure5_1 to see how the transition occurs from Target Open Drain (ACK) to Host Push Pull Operation (Repeat Start).

2. See Figure5_3 to see how the transition occurs from Host Push Pull Operation to Target Open Drain (ACK) and Figure5_1 to see how the
transition occurs from Target Open Drain (ACK) to Host Push Pull Operation (1st bit of Address, bit[7]).

3. The TS5 NACKSs if there is a parity error in a previous transaction when Host performs consecutive transactions with Repeat Start.

The TS5 device does not check for parity error in subsequent bytes when it determines 7-bit device select code issued by the Host does not
match with its own device code. The TS5 device ignores the entire packet until STOP or next Repeat Start operation.

5. Repeat Start or Repeat Start with 7’h7E.
5.6.2. Read Operation Data Packet

The transactions to TS5 Target device begin with the I13C Basic Host issuing a START condition followed by a 7-bit TS5
device type identifier then a write bit. All I3C Basic bus data are transmitted with the most significant bit MSB first. During
select code transmission, the TS5 device typically replies with an ACK unless there are exceptional conditions when it may
passively assert a NACK. See Table5_ 9. The ‘T’ bit carries Parity information from the Host prior to Repeated START. After
Repeated START, ‘T’ bit carries information from TS5 device to Host indicating Continuous (‘1’) or Stop (‘0’) whether it is
transmitting the last byte or not.

The Packet Error Code (PEC) function is disabled by default when TS5 device is put in I°C Basic mode. The Host may
enable this function through DEVCTRL CCC (RegMod = ‘0’). If enabled, the PEC is appended as shown in Table5 10. If
PEC is enabled, the Host must complete the burst length as indicated in CMD field. In other words, the Host must not
interrupt the burst length pre-maturely for Read operation.

The Host may optionally allow TS5 device to request IBI. For this case, the transactions to the TS5 device begin with the
I3C Basic Host issuing a START condition followed by 7’h7E and then write bit. If TS5 device has a pending IBI, it transmits
its 7-bit device select code followed by R=1. If TS5 device has no pending IBI, there is no action taken by TS5. The
Table5 11 and Table5 12 show the 13C Basic bus read command data packet with optional IBI header for PEC disabled
and PEC enabled cases respectively. Note that in Table5 12, PEC calculation (from Host to TS5) does not include IBI
header byte (7’h7E followed by W=0).
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Table 5 9 Read Command Data Packet; PEC Disabled

Stat | Bit7 Bit 6 Bit 5 Bit4 | Bit3 Bit 2 Bit 1 Bit0O | A/NT  Stop
S or Sr 0 X 1 0 HID w=0 | A28
Address [7:0] T
S or Sr 0 X 1 0 | HD | R=1 | AIN%S
Data T=1
T=1
Data T=167 Sr;m

1. See Figure5_1 to see how the transition occurs from Target Open Drain (ACK) to Host Push Pull Operation (1st bit of Address, bit[7]).
2. The TS5 NACKSs if there is a parity error in a previous transaction when Host performs consecutive transactions with Repeat Start.

The TS5 device does not check for parity error in subsequent bytes when it determines 7-bit device select code issued by the Host does not
match with its own device code. The TS5 device ignores the entire packet until STOP or next Repeat Start operation.

4. If Target device NACKs during Repeat Start for any reason, the Host may re-try Repeat Start again. The Host can do the Repeat Start as
many times it may desire. If Target device NACKs due to parity error in previous bytes, it will always NACK regardless of how many times the
Host tries Repeat Start. If there were no parity errors the TS5 may eventually ACK.

5. See Figure5_3 to see how the transition occurs from Host Push Pull Operation to Target Open Drain (ACK).
See Figure5_4 to see how Host ends Target device operation.

When last byte (i.e. MR255) is reached (extreme rare case), the Target device sends T = ‘0’. See Figure to see how Target device ends the
operation followed by Host STOP operation.

8. Repeat Start or Repeat Start with 7’h7E.

Table 5 10 Read Command Data Packet; PEC Enabled

Start Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 AN/  Stop
S or Sr 0 X 1 0 HID w=0 | A28
Address [7:0] T
CMD | R=1 | 0o | o o | o T
PEC T
S or Sr 0 X 1 | o | HID | R=1 | A%
Data T=1
T=1
Data T=1

PEC T=0e | STOT

See Figure5_1 to see how the transition occurs from Target Open Drain (ACK) to Host Push Pull Operation (1st bit of Address, bit[7]).
The TS5 NACKSs if there is a parity error in a previous transaction when Host performs consecutive transactions with Repeat Start.

The TS5 device does not check for parity or PEC error in subsequent bytes when it determines 7-bit device select code issued by the Host
does not match with its own device code. The TS5 device ignores the entire packet until STOP or next Repeat Start operation.

4. If Target device NACKs during Repeat Start for any reason, the Host may re-try Repeat Start again. The Host can do the Repeat Start as
many times it may desire. If Target device NACKs due to PEC error parity error in previous bytes, it will always NACK regardless of how many
times the Host tries Repeat Start. If there were no parity or PEC errors, the TS5 may eventually ACK. The PEC calculation by the Target
device only includes device select code of the ACK response of the Repeat start operation. In other words, if there are more than one Repeat
Start operation, the Target device includes device select code of only the last Repeat Start from the Host when it ACKs in PEC calculation
and all other NACK responses of the device select code of the Repeat Start are not included in PEC calculation.

See Figure5_3 to see how the transition occurs from Host Push Pull Operation to Target Open Drain (ACK).

See Figure5_5 to see how Target device ends the operation followed by Host STOP operation.
Repeat Start or Repeat Start with 7’h7E.

Table 5_11 Read Command Data Packet w/ IBl Header; PEC Disabled

Start Bit7 Bit 6 Bit5 Bit 4 Bit 3 ‘ Bit 2 Bit 1 Bit0 A/N/T | Stop
S 1 1 1 1 1 1 0 W=0 Al3
Sr 0 X 1 0 HID W=0 A234
Address [7:0] T
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Sr 0 X 1 0 HID R=1 | AINSS
Data T=1
T=1
Data T=178 Sr;‘“

1. See Figure5_1 to see how the transition occurs from Target Open Drain (ACK) to Host Push Pull Operation (1st bit of Address, bit[7]).

2. See Figure5_3 to see how the transition occurs from Host Push Pull Operation to Target Open Drain (ACK) and Figure5_4 to see how the
transition occurs from Target Open Drain (ACK) to Host Push Pull Operation (1st bit of Address, bit[7]).

3. The TS5 NACKs if there is a parity error in a previous transaction when Host performs consecutive transactions with Repeat Start.

4. The TS5 does not check for parity error in subsequent bytes when it determines 7-bit device select code issued by the Host does not match
with its own device code. The TS5 ignores the entire packet until STOP or next Repeat Start operation.

See Figure5_3 to see how the transition occurs from Host Push Pull Operation to Target Open Drain (ACK).

6. If Target device NACKs during Repeat Start for any reason, the Host may re-try Repeat Start again. The Host can do the Repeat Start as
many times it may desire. If Target device NACKs due to parity error in previous bytes, it will always NACK regardless of how many times the
Host tries Repeat Start. If there were no parity errors, the TS5 may eventually ACK.

7. See Figure5_4 to see how Host ends Target device operation.

When last byte (i.e. MR255) is reached (extreme rare case), the Target device sends T = ‘0’. See Figure to see how Target device ends the
operation followed by Host STOP operation.

9. Repeat Start or Repeat Start with 7’h7E.
Table 5_12 Read Command Data Packet w/ IBl Header; PEC Enabled

Bit7

Bit6

Bit5

Bit 4

Bit 3

Bit 2

Bit 0

A/N/T

Stop

s 1 1 1 1 1 1 w=0 | A2
Sr 0 X 1 0 HID W=0 | A234
Address [7:0] T
CMD R=1 | 0 T
PEC T
Sr 0 X 1 o | HID R=1 | AIN%®
Data T=1
T=1
Data T=1
PEC T=07 | ST

1. See Figure5_1 to see how the transition occurs from Target Open Drain (ACK) to Host Push Pull Operation (Repeat Start).

2. See Figure5_3 to see how the transition occurs from Host Push Pull Operation to Target Open Drain (ACK) and See Figure5_4 to see how
the transition occurs from Target Open Drain (ACK) to Host Push Pull Operation (1st bit of Address, bit[7]).

3. The TS5 NACKs if there is a parity or PEC error in a previous transaction when Host performs consecutive transactions with Repeat Start.

4. The TS5 does not check for parity or PEC error in subsequent bytes when it determines 7-bit device select code issued by the Host does not
match its own device code. The TS5 ignores the entire packet until STOP or next Repeat Start operation.

See Figure5_3 to see how the transition occurs from Host Push Pull Operation to Target Open Drain (ACK).

6. If Target device NACKs during Repeat Start for any reason, the Host may re-try Repeat Start again. The Host can do Repeat Start as many
times it may desire. If Target device NACKs due to PEC error or parity error in previous bytes, it will always NACK regardless of how many
times the Host tries Repeat Start. If there was no parity or PEC error, the TS5 may eventually ACK. The PEC calculation by the Target device
only includes device select code of the ACK response of the Repeat Start operation. If there are more than one Repeat Start operation, the
Target device includes device select of only the last Repeat Start from the Host when it ACKs in PEC calculation and all other NACK responses
of the device select code of the Repeat Start are not included in PEC calculation.

7. See Figure5_5 to see how Target device ends the operation followed by Host STOP operation.
8. Repeat Start or Repeat Start with 7’h7E.

5.6.3.Default Read Address Pointer Mode

This mode works the same exact way as explained in Section 5.5.3. Table5 13 and Table5 14 show the read command
data packet for PEC function disabled and enabled respectively. When PEC function is enabled, MR18[1] sets the number
of bytes that TS5 device sends out followed by the PEC calculation. If PEC is enabled, the Host must complete the burst
length as indicated in MR18Table 9_12 MR18[1] register. In other words, the Host must not interrupt the burst length pre-
maturely for default address pointer read operation.
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Table 5 13 Read Command Data Packet w/ Read Address Pointer Mode; PEC Disabled

Start | Bit7 | Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 | AN/  Stop
S or Sr 0 X 1 0 HID R=1 A
Data T=1
T=1

Data T=123 Sr;,”

1. The TS5 NACKs if there is a parity error in a previous transaction when Host performs consecutive transactions with Repeat Start.

2. See Figure5_4 to see how Host ends Target device operation.

When last byte (i.e. MR255) is reached (extreme rare case), the Target device sends T = ‘0. See Figure5_5 to see how Target device ends

the operation followed by Host STOP operation.
4. Repeat Start or Repeat Start with 7’h7E.

Table 5 14 Read Command Data Packet w/ Read Address Pointer Mode; PEC Enabled

Start Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 A/N/T | Stop ‘
SorSr 0 X 1 0 HID R=1 A

Data T=1

T=1

Data T=1

PEC T=0? Sr;"r

The TS5 NACKSs if there is a parity or PEC error in a previous transaction when Host performs consecutive transactions with Repeat Start.

2. See Figure to see how Target device ends the operation followed by STOP operation.
Repeat Start or Repeat Start with 7’h7E.
Table 5_15 Read CMD Data Packet w/ Read Address Pointer Mode and IBI Header; PEC Disabled

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 | A/N/T  Stop
S 1 0 1 1 1 1 0 W=0 | A2
Sr 0 X 1 0 HID R=1 | AIN2?
Data T=1
T=1
Data T=145 Sr;"r

See Figure5 3 to see how the transition occurs from Host Push Pull Operation to Target Open Drain (ACK).
See Figure5 4 to see how Host ends Target device operation.

o r wDdh =

operation followed by Host STOP operation.
6. Repeat Start or Repeat Start with 7’h7E.

See Figureb 1 to see how the transition occurs from Target Open Drain (ACK) to Host Push Pull Operation (Repeat Start).

The TS5 NACKs if there is a parity error in a previous transaction when Host performs consecutive transactions with Repeat Start.

When last byte (i.e. MR255) is reached (extreme rare case), the Target device sends T = ‘0’. See Figure to see how Target device ends the

Table 5_16 Read CMD Data Packet w/ Read Address Pointer Mode and IBI Header; PEC Enabled

Start Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

A/N/T

Stop

A1 2

Sr 0 X 1 0 HID R=1

A/NZ3

T=1

T=1

T=1

T=0*

Srdor

1. See Figure5 1 to see how the transition occurs from Target Open Drain (ACK) to Host Push Pull Operation (Repeat Start).
2. The TS5 NACKs if there is a parity or PEC error in a previous transaction when Host performs consecutive transactions with Repeat Start.
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3. See Figure5 3 to see how the transition occurs from Host Push Pull Operation to Target Open Drain (ACK).
4. See Figure5 5 to see how Target device ends the operation followed by STOP operation.
5. Repeat Start or Repeat Start with 7’h7E.

HSCL
VIHmin = ——\

VILmax —=—-—-—

HSDA

Controller Drives SDA Bus Controller Drives SDA Bus - Push Pull
- Open Drain

Target Drives SDA Bus
- Open Drain

Both Controller & Target Drives SDA Bus
Overlap - Open Drain

Figure 5_1 Target Open Drain to Host Push Pull Hand Off Operation

HSCL
VIHmMin & ———————————————————————————————————————— -
VILmax ====F ——— - — |~ — — — === === mm e m e c e c e e e m e m e m e e -

HSDA Bit7 Bit6

Target Drives SDA Bus Target Drives SDA Bus - Push Pull
- Open Drain

Controller Drives SDA Bus
- Open Drain

Both Controller & Target Drives SDA Bus
Overlap - Open Drain

Figure 5_2 Controller Open Drain (ACK) to Target Push Pull Hand Off Operation
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Target Drives SDA Bus

- Open Drain

Both Controller & Target Drive SDA Bus
Overlap - Open Drain
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Figure 5_3 Controller Push Pull to Target Open Drain Hand Off Operation
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tDOUT tDOFFT
Repeat STOP
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Figure 5 4 T = 1; Host Ends Read with Repeated START and STOP Waveform
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Target Drives SDA Bus Controller Drives SDA Bus

Both Controller & Target Drive SDA Bus
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Figure 5 5 T = 0; Target Ends Read; Host Generates STOP
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5.7. I’3C Basic Common Command Codes (CCC)

The IPC Basic specification lists large number of Common Command Codes (CCC). Not all CCC are required to be
supported. The TS5 device NACKs for all unsupported CCC. The TS5 supports CCC as listed in Table5_17 below.

The TS5 device requires STOP operation in between when switching from CCC operation to private device specific Write
or Read or Default Read Address Pointer mode operation and vice versa. In other words, any CCC operation must be
followed by STOP operation before continuing to any device specific Write or Read or Default Read Address Pointer mode
operation. Similarly, any device specific Write or Read or Default Read Address Pointer mode operation must be followed
by STOP operation before continuing to any CCC operation. The TS5 device also requires STOP operation between any
direct CCC to broadcast CCC.

The TS5 device does allow Repeat Start operation between any direct CCC to any other direct CCC or between any
broadcast CCC to any other broadcast CCC or between any private Write or Read or Default Read Address Pointer mode
operation to any other private Write or Read or Default Read Address Pointer mode operation.

CCC is an I3C concept by definition, and shall always conform to 13C SDR timings, irrespective of whether the device has
switched from I1°C mode or not.

Prior to dynamic address assignment (SETAASA/P), the Target device(s) may drive the ACK/NACK past the Open Drain
SCL rising but before the next SCL falling transition, as a longer overlap in Open Drain is harmless. Immediately after the
Open Drain ACK (upon the next SCL falling edge), the bus should transition to Push Pull mode (though still at 1 Mhz) as
described in the MIPI I°3C Basic Specification V1.0, Section 5.1.2.3 “Handoff from Address ACK to SDR Controller Write
Data” and Figure 32 “I*C Data Transfer - ACK by Target”.

For additional details on how to handle the ACK transition, please refer to the MIPI I°C Basic Specification V1.0, Section
5.1.2.3.1 “Transition from Address ACK to SDR Controller Write Data”.

Table 5_17 TS5 CCC Support Requirement

ccc Mode Code Description ‘
Broadcast 0x00
ENEC Enable Event Interrupts
Direct 0x80
Broadcast 0x01 )
DISEC Disable Event Interrupts
Direct 0x81
RSTDAA Broadcast 0x06 Put the device in I2C Mode (aka: Reset Dynamic Address Assignment)
SETAASA Broadcast 0x29 Put the device in I3C Basic Mode (aka: Set All Addresses to Static
Address)
GETSTATUS Direct 0x90 Get Device Status
DEVCAP! Direct OxEO Get Device Capability

TS5 updates 3-bit HID field, updates ‘T’ bit with updated parity calculation

1
SETHID Broadcast 0x61 for all devices behind Hub and stops 3-bit HID translation.

DEVCTRL' | Broadcast 0x62 Configure TS5 and all devices behind Hub

1. JEDEC specific CCC.
5.7.1. ENEC CCC

The ENEC CCC is only supported after device is put in I*°C Basic mode. In 12C mode, it is illegal for Host to issue this CCC.
When ENEC CCC is registered by the TS5, it updates Table 9 16 MR27[4] = ‘1’ and it takes in effect at the next Start
operation (i.e. after STOP condition). Table5 18 to Table5 21 shows an example of a single ENEC CCC. Table5 22 shows
the encoding definition for ENEC CCC.

If PEC function is enabled, the PEC calculation starts with Start or Repeat Start operation but does not include 7’h7E with
W=0 byte in PEC calculation.

Table 5 18 ENEC CCC - Broadcast

Start Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0  A/N/T  Stop
SorSr 1 1 1 1 1 1 0 W=0 Al
0x00 (Broadcast) T
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7'h00

ENINT ‘ T

Sr2or
P

1. The TS5 NACKs if there is a parity error in a previous transaction when Host performs consecutive transactions with Repeat Start.
2. Repeat Start or Repeat Start with 7’h7E.

Table 5_19 ENEC CCC - Broadcast w/ PEC

Start Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 A/N/T | Stop
SorSr 1 1 1 1 1 1 0 W=0 A
0x00 (Broadcast) T
7'h00 ENINT T
Sr2 or
PEC T =

1. The TS5 NACK:s if there is a parity or PEC error in a previous transaction when Host performs consecutive transactions with Repeat Start.
2.  Repeat Start or Repeat Start with 7’h7E.

Table 5_20 ENEC CCC - Direct

Start | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 A/N/T Stop
SorSr 1 1 1 1 1 1 0 W=0 | A
0x80 (Direct) T
Sr DevID[6:0] W=0 A'2
3
7h00 ENINT | T Srpor

The TS5 NACKs if there is a parity error in a previous transaction when Host performs consecutive transactions with Repeat Start.

2. The TS5 device does not check for parity error in subsequent bytes when it determines 7-bit device select code issued by the Host does not
match with its own device code. The TS5 device ignores the entire packet until STOP or next Repeat Start operation.

3. Repeat Start or Repeat Start with 7’h7E.

Table 5_21 ENEC CCC - Direct w/ PEC

Start Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 A/N/T | Stop
SorSr 1 1 1 1 1 1 0 W=0 A
0x80 (Direct) T
PEC T

Sr DevID[6:0] W=0 A'2
7’h00 ENINT T
3
PEC T | SUer

The TS5 NACKSs if there is a parity or PEC error in a previous transaction when Host performs consecutive transactions with Repeat Start.

2. The TS5 device does not check for parity or PEC error in subsequent bytes when it determines 7-bit device select code issued by the Host
does not match with its own device code. The TS5 device ignores the entire packet until STOP or next Repeat Start operation.

3. Repeat Start or Repeat Start with 7’h7E.
Table 5_22 ENEC CCC Byte Encoding

Bit Encoding Notes ‘
0 = No Action . . . .
ENINT It is illegal for Host to issue ENEC CCC with ENINT bit = ‘0’
1 = Enable IBI Interrupt

5.7.2. DISEC CCC

The DISEC CCC is only supported after device is put in I*C Basic mode. In I1°C mode, it is illegal for Host to issue this CCC.
When DISEC CCC is registered by the TS5, it updates MR27[4] = ‘0’and it takes in effect at the next Start operation (i.e.
after STOP condition). Table5 23 to Table5 26 shows an example of a single DISEC CCC. Table5 27 shows the encoding
definition for DISEC CCC.

If PEC function is enabled, the PEC calculation starts with Start or Repeat Start operation but does not include 7’h7E with
W=0 byte in PEC calculation.
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Table 5 23 DISEC CCC - Broadcast

Start Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 A/NT Stop
SorSr 1 1 1 1 1 1 0 W=0 Al
0x01 (Broadcast) T
2
7’h00 DISINT T Srpor

1. The TS5 NACKs if there is a parity error in a previous transaction when Host performs consecutive transactions with Repeat Start.
2. Repeat Start or Repeat Start with 7’h7E.

Table 5 24 DISEC CCC - Broadcast w/ PEC

Start Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 A/N/T | Stop
SorSr 1 1 1 1 1 1 0 W=0 Al
0x01 (Broadcast) T
7'h00 DISINT T
Sr? or
PEC T =

4. The TS5 NACKSs if there is a parity or PEC error in a previous transaction when Host performs consecutive transactions with Repeat Start.
5. Repeat Start or Repeat Start with 7’h7E.
Table 5_25 DISEC CCC - Direct

Start Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 | ANT  Stop |
SorSr 1 1 1 1 1 1 0 W=0 A
0x81 (Direct) T
Sr DevID[6:0] W=0 A2
3
7’h00 ENINT T Srpor

The TS5 NACKSs if there is a parity error in a previous transaction when Host performs consecutive transactions with Repeat Start.

2. The TS5 device does not check for parity error in subsequent bytes when it determines 7-bit device select code issued by the Host does not
match with its own device code. The TS5 device ignores the entire packet until STOP or next Repeat Start operation.

3. Repeat Start or Repeat Start with 7’h7E.

Table 5_26 DISEC CCC - Direct w/ PEC

Start Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 A/N/T  Stop
SorSr 1 1 1 1 1 1 0 W=0 Al
0x81 (Direct) T
PEC T

Sr DevID[6:0] W=0 | A2
7’h00 DISINT T
3
PEC T | ST

The TS5 NACK:s if there is a parity or PEC error in a previous transaction when Host performs consecutive transactions with Repeat Start.

2. The TS5 device does not check for parity or PEC error in subsequent bytes when it determines 7-bit device select code issued by the Host
does not match with its own device code. The TS5 device ignores the entire packet until STOP or next Repeat Start operation.

3. Repeat Start or Repeat Start with 7’h7E.
Table 5_27 DISEC CCC Byte Encoding

Encoding
0 = No Action

DISINT It is illegal for Host to issue DISEC CCC with DISINT bit = ‘0’

1 = Disable IBI Interrupt

5.7.3. RSTDAA CCC

The RSTDAA CCC is only supported after device is put in I3C Basic mode. In I°C mode, this CCC is ignored. When RSTDAA
CCC is registered by the TS5, it updates Table 9_12 MR18[5] = ‘0O’and it takes in effect at the next Start operation (i.e. after
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STOP condition). Further it disables 1Bl and PEC function (Table 9_16 MR27[4] = ‘0", Table 9_12 MR18[7] = ‘0’ respectively)
and clears parity function (Table 9_12 MR18[6] = ‘0’). Table5 28 to Table5 29 shows an example of a single RSTDAA CCC.

If PEC function is enabled, the PEC calculation starts with Start or Repeat Start operation but does not include 7’h7E with
W=0 byte in PEC calculation.

Table 5_28 RSTDAA CCC — Broadcast

Start  Bit7  Bit6  Bit5  Bit4  Bit3  Bit2  Bit1  Bit0 ANT Stop
S or Sr 1 1 1 1 1 1 0 W=0 | A
2
0x06 (Broadcast) T | ST

1. The TS5 NACK:s if there is a parity error in a previous transaction when Host performs consecutive transactions with Repeat Start.
2. Repeat Start or Repeat Start with 7’h7E.

Table 5 29 RSTDAA CCC - Broadcast w/ PEC

Start Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 A/N/T  Stop
SorSr 1 1 1 1 1 1 0 W=0 A
0x06 (Broadcast) T
Sr? or
PEC T =

1. The TS5 NACK:s if there is a parity or PEC error in a previous transaction when Host performs consecutive transactions with Repeat Start.
2. Repeat Start or Repeat Start with 7’h7E.

5.7.4. SETAASA CCC
The SETAASA CCC is only supported when device is in I12C mode; however, it still follows I’'C SDR timings compliant to
CCC definitions. In I12C mode, when the Host issues this CCC, to guarantee that this CCC is registered by the device without
any error, the Host shall limit the maximum speed operation for this CCC to 1 Mhz. In I3C Basic mode, this CCC is ignored.

When SETAASA CCC is registered by the TS5, it updates Table 9_12 MR18[5] = ‘“1’and it takes in effect at the next Start
operation (i.e. after STOP condition). Table5 30 shows an example of a single SETAASA CCC.

SETAASA CCC does not support PEC function as device is in I2C mode and there is no PEC function in 1°C mode.

Table 5_30 SETAASA CCC — Broadcast

Start Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 A/N/T | Stop
S or Sr 1 1 1 1 1 1 0 W=0 A
0x29 (Broadcast) T P

5.7.5. GETSTATUS CCC

The GETSTATUS CCC is supported in I*C Basic mode. In 12C mode, this CCC is ignored (i.e. it is not executed internally
and GETSTATUS CCC code is not acknowledged and Host must do STOP operation). Table5 31 to Table5_ 32 shows an
example of a single GETSTATUS CCC. Table5 33 shows the encoding definition for GETSTATUS CCC.

If PEC function is enabled, the PEC calculation starts with Start or Repeat Start operation but does not include 7°h7E with
W=0 byte in PEC calculation.

When the TS5 device responds to GETSTATUS CCC, after it completes the response, the PEC_Err, P_Err and Pending
Interrupt Bits [3:0] do not automatically get cleared. The Host must explicitly clear the appropriate status register through
Clear command by writing ‘1’ to corresponding register or by issuing Global Clear command. Once the TS5 device clears
the appropriate status register, the PEC_Err, P_err and Pending Interrupt Bits [3:0] get cleared.

After Host issues Clear command, if the condition is still present, the device will again set the appropriate status register,
sets the IBI status register to ‘1’ and Pending Interrupt Bits [3:0] to ‘0001°.

Table 5_31 GETSTATUS CCC — Direct

Start Bit7 Bit 6 Bit 5 Bit 4 Bit 3 ‘ Bit 2 Bit 1 Bit 0 A/N/T | Stop
Sor Sr 1 1 1 1 1 1 0 W=0 Al
0x90 (Direct) T
Sr DevID[6:0] R=1 Al
PEC_Err 0 0 0 o | o 0 0 T=1
0 0 P_Err 0 Pending Interrupt T=0 Sr;or
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1. The TS5 NACKs if there is a parity error in a previous transaction when Host performs consecutive transactions with Repeat Start.
2. Repeat Start or Repeat Start with 7’h7E.

Table 5_32 GETSTATUS CCC - Direct w/ PECA1

Start Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 ‘ Bit 2 Bit 1 Bit 0 A/N/T | Stop
SorSr 1 1 1 1 1 1 0 W=0 A?
0x90 (Direct) T
PEC T
Sr DevIDI[6:0] R=1 Al
PEC_Err 0 0 0 0 ‘ 0 0 0 T=1
0 0 P_Err 0 Pending Interrupt T=1
PEC T=0 | ST

GETSTATUS CCC with PEC check is only supported in I°C Basic mode.
The TS5 NACKSs if there is a parity or PEC error in a previous transaction when Host performs consecutive transactions with Repeat Start.
Repeat Start or Repeat Start with 7’h7E.

Table 5_33 GETSTATUS CCC Byte Encoding

Bit ‘ Encoding Notes ‘
PEC Err 0 = No Error This register is cleared when Host issues clear command to
- 1 = PEC Error occurred MR20[1] for PEC error.
0 = No Error - This register is cleared when Host issues clear command to
P_Err 1 = Protocol Error; Parity Error MR20[0] for Parity error.
occurred

0000 = No Pending Interrupt This register is cleared when Host issues clear command to any

appropriate device status register that causes Bl status register
to get cleared.

Pending
Interrupt 0001 = Pending Interrupt

All other encodings are reserved
5.7.6. DEVCAP CCC

The DEVCAP CCC is only supported after device is put in I’C Basic mode. In I°C mode, it is illegal for Host to issue this
CCC. Table5 34 to Table5 35 shows an example of a single DEVCAP CCC. Table5 36 shows the encoding definition for
DEVCAP CCC.

If PEC function is enabled, the PEC calculation starts with Start or Repeat Start operation but does not include 7’h7E with
W=0 byte in PEC calculation.

Table 5_34 DEVCAP CCC — Direct

Start Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 A/N/T = Stop
S or Sr 1 1 1 1 1 1 0 W=0 Al
OxEO (Direct) T
Sr DevID[6:0] R=1 Al
MSB (Each bit defines capability) T=1
LSB (Each bit defines capability) T=0 Sr;"r

1. The TS5 NACKs if there is a parity error in a previous transaction when Host performs consecutive transactions with Repeat Start.
2. Repeat Start or Repeat Start with 7’h7E.

Table 5_35 DEVCAP CCC - Direct w/ PEC

Start Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 A/N/T | Stop
SorSr 1 1 1 1 1 1 0 W=0 Al
0x90 (Direct) T
PEC T
Sr DevID[6:0] R=1 Al
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MSB (Each bit defines capability) T=1
LSB (Each bit defines capability) T=1
3
PEC T=0 | SO

1.  The TS5 NACKSs if there is a parity or PEC error in a previous transaction when Host performs consecutive transactions with Repeat Start.
2. Repeat Start or Repeat Start with 7’h7E.

Table 5_36 DEVCAP CCC Byte Encoding

Bit Encoding ‘ Notes ‘
MSBJ7] RFU Coded as ‘0’
MSBI6] RFU Coded as ‘0’
MSB[5] RFU Coded as ‘0’
MSBI[4] RFU Coded as ‘0’
MSB[3] RFU Coded as ‘0’
MSB[2] 0 = No Support for Timer based Reset TS5 hard codes to ‘1’
1 = Supports Timer based Reset
MSBJ[1:0] RFU Coded as ‘0’
LSB[7:0] RFU Coded as ‘0’

5.7.7. SETHID CCC

The SETHID CCC is supported only when device is in 1°C mode. In I°C mode, when the Host issues this CCC, to guarantee
that this CCC is registered by the device without any error, the Host shall limit the maximum speed operation for this CCC
to 1 Mhz. In I°C Basic mode, it is illegal for Host to issue this CCC. When SETHID CCC is registered by the TS5, it updates
Table 9_11 MR7[3:1] with the HID code received by the TS5 and it takes in effect at the next Start operation (i.e. after STOP
condition). Table5 37 shows an example of a single SETHID CCC. As the device is in 1°C mode when SETHID CCC is
issued, the PEC function is not supported.

Once TS5 receives SETHID CCC and updates its 3-bit HID code, after the Stop operation, TS5 device only responds to
updated 7-bit address. The 4-bit LID code of the TS5 device remains as is.

The Host may issue SETHID CCC more than one time.

Table 5 _37 SETHID CCC - Broadcast

Start  Bit7  Bit6  Bit5  Bit4  Bit3  Bit2  Bit1 Bit0 A/NT Stop
S or Sr 1 1 1 1 1 1 0 W=0 A
0x61 (Broadcast) T
0 0 o | o | HD2 | HID1 HIDO 0 T P

5.7.8. DEVCTRL CCC

On a typical I°C Basic bus there can be up to 120 devices. For DDR5 DIMM application environment, there are up to 8 TS5
devices and behind each TS5 device, there are 4 local Target devices totaling up to 40 or more devices on I°C Basic bus.
For certain operation such as enable or disable functions that are common to all devices (i.e. Packet Error Check), the Host
must go through one device at a time which takes significant amount of time at initial power up. Further, it requires additional
complexity on the Host because it must speak different protocol depending on how it may access the device until all devices
are configured identically.

To help expedite this configuration operation and to simplify the Host complexity, the device supports the DEVCTRL CCC.
The DEVCTRL CCC is supported either in 12C mode or I*C Basic mode of operation. In I°C mode, when the Host issues this
CCC, to guarantee that this CCC is registered by the device without any error, the Host shall limit the maximum speed
operation for this CCC to 1 Mhz. Table5 38 to Table5 39 shows an example of a single DEVCTRL CCC.

If PEC function is enabled, the PEC calculation starts with Start or Repeat Start operation but does not include 7°h7E with
W=0 byte in PEC calculation.

The Host shall pay attention to DEVCTRL CCC. If DEVCTRL CCC is used to access device specific registers (e.g. RegMod
=‘1’), the Host shall still follow any device specific register restriction. For example, if device specific register requires STOP
operation for device to take in the effect of the setting, the Host must also use STOP operation when using DEVCTRL CCC
to access device specific register.
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Table 5 38 DEVCTRL CCC - Broadcast

Start Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 A/N/T | Stop
S or Sr 1 1 1 1 1 1 0 W=0 Al
0x62 (Broadcast) T
AddrMask[2:0] ‘ StartOffset[1:0] ‘ PEC BL[1:0] RegMod T
DevID[6:0] 0 T?
Byte 0 Data Payload T
Byte 1 Data Payload T
Byte 2 Data Payload T
Byte 3 Data Payload T Sr;or

The TS5 NACKs if there is a parity error in a previous transaction when Host performs consecutive transactions with Repeat Start.

2. An exception is made for DEVCTRL CCC where device does report a parity error when it determines 7-bit device select code issued by the
Host does not match with its own device code. If 7-bit device select code does not match but if parity is still valid, the device does not check
for parity error in subsequent bytes; ignores the entire packet and waits until STOP or next Repeat Start operation.

3. Repeat Start or Repeat Start with 7’h7E.

Table 5 39 DEVCTRL CCC - Broadcast w/ PEC1

Start Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 A/N/T | Stop
S or Sr 1 1 1 1 1 1 0 W=0 A2
0x62 (Broadcast) T
AddrMask[2:0] ‘ StartOffset[1:0] ‘ PEC BL[1:0] RegMod T
DevID[6:0] 0 T

Byte 0 Data Payload T
Byte 1 Data Payload T
Byte 2 Data Payload T
T
T

Byte 3 Data Payload

Srt or

PEC

DEVCTRL CCC with PEC check is only supported in I3C Basic mode.
The TS5 NACK:s if there is a parity or PEC error in a previous transaction when Host performs consecutive transactions with Repeat Start.

An exception is made for DEVCTRL CCC where device does report a parity error when it determines 7-bit device select code issued by the
Host does not match with its own device code. The device does not check for PEC as all subsequent bytes are discarded due to parity error.
If 7-bit device select code does not match but if parity is still valid, the device does not check for parity error in subsequent bytes; ignores the
entire packet and waits until STOP or next Repeat Start operation.

4. Repeat Start or Repeat Start with 7’h7E.
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Parameter

AddrMask[2:0]

Table 5 40 DEVCTRL CCC Command Definition
Definition |
Broadcast, Unicast or Multicast Command Selection

000 = Unicast Command; TS5 device responds if DevID[6:0] field matches with TS5 device’s
own 7-bit address (4-bit LID + 3-bit HID)

011 = Multicast Command; TS5 device and possible other device respond if DevID[6:3] field
matches with TS5 device’s own 4-bit LID address

111 = Broadcast Command; All devices respond to this command

All other encodings are reserved.

StartOffset[1:0]

Only applicable if RegMod = ‘0’

Identifies the starting Byte (Byte 0 or Byte 1 or Byte 2 or Byte 3) for DEVCTRL CCC. Host can
start at any Byte (from Byte 0 to Byte 3) and has continuous access to next byte until STOP
operation. If Byte 3 is reached, the Host is responsible for applying STOP operation.

00 =Byte O

01 = Byte 1

10 = Byte 2

11 = Byte 3

PEC BL[1:0]

Only applicable if RegMod = ‘0’ and PEC function is enabled.

Identifies the burst length just for this DEVCTRL CCC. The device uses the setting in this field to
know when the PEC byte is expected after the data bytes.

00 = 1 Byte
01 =2 Byte
10 = 3 Byte
11 = 4 Byte
Identifies if DEVCTRL is going to be used for General Registers as identified in Byte 0 to Byte 3
or device specific address offset register.
0 = Access to General Registers in Byte 0 to Byte 3 (i.e. StartOffset[1:0] = Valid)
RegMod

1 = Device Specific Offset Address (i.e. StartOffset[1:0] and PECBL[1:0] is a don’t care and does
not apply). The Host shall NOT use RegMod = ‘1’ with Broadcast Command if there are different
types of devices on the 13C Basic bus.
Identifies 7-bit device address. Device responds to DEVCTRL CCC data packet depending on
AddrMask[2:0].
If AddrMask[2:0] = “111’, DevID[6:0] is a don’t care and device always responds.

DevID[6:0]

If AddrMask[2:0] = ‘000’, DevID[6:0] must match for device to respond.

If AddrMask[2:0] = ‘011’, DevID[6:3] must match for device to respond. DevID[2:0] is don’t care.

For any other codes for AddrMask[2:0], the device always NACKs.
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Table 5_41 DEVCTRL CCC Data Payload Definition

Byte ‘ Bit Function Definition ‘ Comment ‘
[7] PEC Enable 0 = Disable MR18[7] is updated
1 =Enable
) ) 0 = Disable MR18[6] is updated
[6] Parity Disable
1 =Enable
Byte O | 5.9 RFU RFU
a RSVD 0 = RSVD TS5 device alvt\)/iatl.ys ignores this
1=RSVD
[0] RFU RFU
[7:4] RFU RFU
Byte 1 [3] Global and IBI Clear 0 = No Action MR27[7] is updated.
1 = Clear All Event and pending IBI'
[2:0] RFU RFU
Byte 2 [7:0] RFU RFU
Byte 3 [7:0] RFU RFU

After Target device clears the event, the device can still have certain registers set to ‘1’ if the event is still present in which
case, the device will generate an IBIl again at the next opportunity.

DEVCTRL CCC Examples - RegMod = ‘0’

Table5 42 shows an example of DEVCTRL CCC data packet. It assumes that all devices on the bus are already in I°C
Basic mode with PEC function disabled and parity function enabled. In this example, the Host uses DEVCTRL CCC as
Multicast command. Host sends Multicast command to all devices with 4-bit LID code of ‘1001’ on I°C Basic bus to do VR
Enable followed by all devices with 4-bit LID code of ‘0110’ to disable parity function. The Host sends AddrMask = ‘011’ to
indicate Multicast command with DevID[6:3] match; StartOffset = ‘00’ to indicate starting Byte 0 and RegMod = ‘0’ to indicate
general register. Upon receiving this command, all devices with DevID[6:3] that matches to “1001’ will do the VR Enable
command and DevID[6:3] that matches to ‘0110’ with disable the parity function.

Table 5_42 DEVCTRL CCC Example - Multicast Command to ‘1001’ and ‘0110’ Devices

Start  Bit7  Bit6  Bit5  Bit4  Bit3  Bit2  Bit1 Bit0 A/N/T Stop
0x62 (Broadcast) T
011 | 00 | 00 0 T
1001 000 0 T
0000 0010 T
Sr 1 1 T 0 w=0 | A
0x62 (Broadcast) T
011 | 00 | 00 0 T
0110 000 0 T
0100 0000 T P

1.  See Figure5 1 to see how the transition occurs from Target Open Drain (ACK) to Host Push Pull Operation.

Table5 43 shows an example of DEVCTRL CCC data packet. It assumes that all devices on the bus are already in I°C
Basic mode with PEC function disabled and parity function enabled. In this example, the Host uses DEVCTRL CCC as
Broadcast command to enable PEC function. The Host sends AddrMask = ‘111’ to indicate Broadcast command; StartOffset
= ‘00’ to indicate starting Byte 0 and RegMod = ‘0’ to indicate general register. Upon receiving this command, all devices
will enable PEC function.
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Table 5 43 DEVCTRL CCC Example - Broadcast Command to all Devices
Start Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 A/N/T  Stop

0x62 (Broadcast) T
111 | 00 | 00 0 T
0000 000 0 T

1000 0000 T P

1. See Figure5_1 to see how the transition occurs from Target Open Drain (ACK) to Host Push Pull Operation.

Table5 44 shows an example of DEVCTRL CCC data packet. It assumes that all devices on the bus are already in I°C
Basic mode with PEC function disabled and parity function enabled. In this example, the Host uses DEVCTRL CCC as
Unitcast command to enable VR on DIMMS5. The Host sends AddrMask = ‘000’ to indicate Unicast command; StartOffset =
‘00’ to indicate starting Byte 0 and RegMod = ‘0’ to indicate general register. Upon receiving this command, PMIC on DIMM5
will enable its regulator.

Table 5_44 DEVCTRL CCC Example - Unicast Command to PMIC on DIMM5

Start Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0  A/N/T | Stop
0x62 (Broadcast) T
0 | 0 | 0 0 T
1001 101 0 T
0000 0010 T P

1.  See Figure5 1 to see how the transition occurs from Targ et Open Drain (ACK) to Host Push Pull Operation.
DEVCTRL CCC Examples - RegMod = ‘1’

Table5 45 shows an example of DEVCTRL CCC data packet for the purpose of configuring device specific address offset
register. It assumes that all devices on the bus are already in I°C Basic mode with PEC function enabled and parity function
enabled. In this example, the Host sends Multicast command to all devices with 4-bit LID code of ‘0010’ on the I°C Basic
bus to write to address offset of 0x1C and 0x1D with data OxFF and 0x55 respectively followed by all devices with 4-bit LID
of 1001’ on the I3C Basic bus to write to address offset of 0x15 with data 0x78.

The PEC calculation starts with Start or Repeat Start operation but does not include 7’h7E with W=0 byte in PEC calculation.
Table 5 45 DEVCTRL CCC Example - Multicast Command to ‘0010’ and ‘1001’ Devices

Start Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 A/N/T  Stop

S 1 1 1 1 1 1 0 W=0 Al
0x62 (Broadcast) T
011 | 00 | 00 T
0010 000 0 T
0001 1100 (address offset 0x1C) T
0010 0000 (CMD field = 2 bytes of data) T
1111 1111 (data) T
0101 0101 (data) T
PEC T
Sr 1 1 T 0 w=0 | A
0x62 (Broadcast) T
11 | 0 | 0 1 T
1001 000 0 T
0001 0101 (address offset 0x15) T
0000 0000 (CMD field = 1 byte of data) T
0111 1000 (data) T

PEC T P

Copyright © 2025, NOVOSENSE Page 33



NST5111

Table5_46 shows an example of DEVCTRL CCC data packet for the purpose of configuring device specific address offset
register. It assumes that all devices on the bus are already in I°C Basic mode with PEC function disabled and parity function
enabled. In this example, the Host sends Multicast command to all devices with 4-bit LID code of ‘1001’ on the I3C Basic
bus to write to address offset of 0x13 with data OxFF and it continues to write data 0x01 to the next address.

Table 5 46 DEVCTRL CCC Example - Multicast Command to ‘1001’ Devices

Start Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0  A/N/T | Stop
0x62 (Broadcast)
11 | 0 | 0 1
1001 000 0

0001 0011 (address offset 0x13)
1111 1111 (data)
0000 0001 (data)

1. See Figure5 1 to see how the transition occurs from Target Open Drain (ACK) to Host Push Pull Operation.
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6. In Band Interrupt (IBI)

In I2C mode, in band interrupt function is not supported. Only I°C Basic mode supports in band interrupt function.

6.1. Enabling and Disabling In Band Event Interrupt Function
By default, all interrupt sources are disabled (i.e. set to ‘0’). The Host may enable following interrupts in the TS5 device.
Once enabled, the TS5 device sends an IBl when that event occurs.
1. Error Interrupt Enable in Table 9_16 MR27[4]:

a) When Table 9_16 MR27[4] = ‘1’, the device sends the IBI at next available opportunity when any of the register
bit in Table 9_29 MR52[1:0] is set to ‘1’ and sets Table 9_25 MR48[7] = ‘1’ and updates Pending Interrupt Bits
[3:0] = ‘0001’ for GETSTATUS CCC.

b) When Table 9 _16 MR27[4] = ‘0’, the device does not send the IBI regardless of the register bit status in Table
9 29 MR52[1:0]. However, the device does set Table 9 25 MR48[7] = ‘1’ and updates Pending Interrupt Bits [3:0]
= ‘0001’ for GETSTATUS CCC.

2. Temperature Sensor Interrupt Enable in Table 9_16 MR27[3:0]: The Host can set any combination of register bits to ‘1’:

a) When any of the register bits in Table 9_16 MR27[3:0] = ‘1’ and if Table 9_16 MR27[4] = ‘1’, the device sends
the IBI at next available opportunity when the corresponding register bit in Table 9_28 MR51[3:0] is set to ‘1’ and
sets Table 9_25 MR48[7] = ‘1’ and updates Pending Interrupt Bits [3:0] = ‘0001’ for GETSTATUS CCC.

b) When any of the register bits in Table 9_16 MR27[3:0] = ‘0O’ or Table 9_16 MR27[4] = ‘0’, the device does not
send the interrupt regardless of the corresponding register bit status in Table 9_28 MR51[3:0]. However, the device
does set Table 9_25 MR48[7] = ‘1’ and updates Pending Interrupt Bits [3:0] = ‘0001’ for GETSTATUS CCC if any
of the bits in Table 9_16 MR27[3:0] = ‘1" and Table 9_16 MR27[4] ='0".

6.2. Mechanics of Interrupt Generation

Event interrupts may be generated by the local device if IBl is enabled. When there is a pending interrupt (i.e. Table 9_25
MR48[7] = ‘1) and if IBl is enabled (i.e. Table 9_16 MR27[4] = ‘1’), the TS5 device requests an interrupt after detecting
START condition by transmitting its 7-bit binary address (LID bits followed by HID bits) followed by R/W = ‘1’ on the SDA
bus serially (synchronized by SCL falling transitions).

If TS5 device detects no START condition but if the I3C Basic bus (SDA and SCL) has been inactive (no edges seen) for
tAVAL period, then the TS5 device may assert SDA low by tIBI_ISSUE time to request an interrupt. When the TS5 device
requests an interrupt, the Host toggles the SCL. The TS5 device transmits its 7-bit binary address (LID bits followed by
HID bits) followed by R/W bit = ‘1’ to the Host.

When the TS5 device requests an interrupt, the Host may take one of the two actions below.

1.The Host sends ACK on 9th bit to accept the interrupt request. At this point, if the TS5 device confirms that it has won
the arbitration, the TS5 device transmits the IBI payload as shown in Table6_1 and Table6_2 for PEC disabled and PEC
enabled configuration, respectively. See Figure6 1. It just shows only first two data bits of the MDB byte to illustrate the
timing. The interrupt payload contains MDB followed by 8-bit register contents of Table 9 28 MR51 and Table 9_29 MR52
in order. The Host then issues the STOP command. Note the timing waveform in Figure6 1. The Host then accepts the
IBI payload if it sends an ACK on 9th bit to accept the interrupt request. The Host can interrupt the 1Bl payload at ‘T. If
Host stops the IBI payload at ‘T’ bit in the middle of payload, the TS5 device retains the 1Bl status flag Table 9_25 MR48][7]
= ‘1" and Pending Interrupt Bits [3:0] internally and waits for the next opportunity to request an interrupt. If the TS5 device
successfully transmits the entire IBI payload, it then clears IBI status flag Table 9_25 MR48[7] = ‘0’ and Pending Interrupt
Bits [3:0] = ‘0000’ on its own and does not request for an IBl again unless there is another different event occurs; for
another same event, the device does not request for an IBI.

2.The Host sends NACK on the 9th bit as shown in Figure6_2 followed by a STOP command. In this case, the TS5 device
does not transmit the IBI payload and waits for the next opportunity to request an interrupt. At this point, though Host sent
a NACK, it does have a knowledge of which TS5 device sent the IBI request. The TS5 retains the IBI status flag Table

9 25 MR48[7] = ‘1’ and Pending Interrupt Bits [3:0] = ‘0001°.
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Table 6_1 TS5 IBI Payload Packet; PEC is Disabled

Start Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 A/N/T Stop |
S 0 X 1 0 HID R=1 A’
MDB = 0x00 T=1
MR51 [7:0] T=1
MR52 [7:0] T=0? P

1. See Figure5 2 to see how the transition occurs from Host Open Drain (ACK) to Target Push Pull Operation (1st bit of
MDB, bit [7]).

2. See Figure5 5 to see how Target device ends the operation followed by Host STOP operation.
Table 6_2 TS5 IBI Payload Packet; PEC is Enabled

Start Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 A/N/T Stop |
S 0 X 1 0 HID R=1 A’
MDB = 0x00 T=1
MR51 [7:0] T=1
MR52 [7:0] T=1
PEC T=02 P

1. See Figure5 2 to see how the transition occurs from Host Open Drain (ACK) to Target Push Pull Operation (1st bit of
MDB, bit [7]).

2. See Figure5 5 to see how Target device ends the operation followed by Host STOP operation.

TS5 LID Address Target HID Code R/W=1

Idle Interrupt
SDA
scL
Figure 6_1 TS5 Interrupt; Host Ack Followed by TS5 Device IBI Payload
TS5 LID Address Target HID Code R/W=1
Idle Interrupt
SDA
SCL

Figure 6_2 TS5 Interrupt; Host NACK followed by STOP
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6.3. Interrupt Arbitration

As there are multiple devices I°C Basic bus, multiple devices may request an interrupt when the Host I3C Basic bus is
inactive for tavaL period. Arbitration process is required.

For DDR5 DIMM application environment, there could be up to total of 13 difference devices including the TS5 on I°C
Basic bus.

On a typical DDR5 DIMM application environment, all devices have the same 3-bit HID code. Hence the arbitration is
always won by the lowest 4-bit LID code. For example, if one TS5 Target device has LID code of ‘0010’ and other device
(PMIC) has a LID code of “1001’, through the arbitration process, the LID code of TS5 ‘0010’ wins. The other device
(PMIC) with a LID code of ‘1001’ must release the bus and wait for next opportunity to request an interrupt. Table6 3
shows the arbitration priority based on the LID code for the local devices. The Green color cells in Table6_3 are the likely
devices that will be on a standard DDR5 RDIMM or DDRS5 LRDIMM.

Table 6_3 Interrupt Arbitration - Among Local Target Devices

Device Target Device LID Code Target Device HID Code Arbitration Priority ‘
N/A 0 N/A N/A
RFU 1 111 1
TSO 10 111 2
RFU 11 111 3
RFU 100 111 4
RFU 101 111 5
TS1 110 111 6
RFU 111 111 7

PMIC1 1000 111 8

PMICO 1001 111 9

SPD Hub 1010 HID N/A
RCD 1011 111 10

PMIC2 1100 111 11
RFU 1101 111 12
RFU 1110 111 13
N/A 1111 N/A N/A

In an uncommon but possible scenario would be that at the exact same time as when the Hub or local Target devices (i.e.
TS5) are requesting an interrupt, the Host is starting an operation to the Hub or local Target devices (i.e. TS5). When this
happens, Host also gets involved in the arbitration process along with the Hub or the local Target devices (i.e. TS5).
During the arbitration phase, there will be always only one winning device and it could be either the Hub or the local
Target device (i.e. TS5) or the Host.

If the Host wins during the arbitration phase, it continues with normal operation. The losing Hub or local Target device
waits for next opportunity to send an interrupt.

If the Host loses during the arbitration phase, it must let go of the bus. When the Host loses during the arbitration, the
Host must let the Hub or local Target device (i.e. TS5) finish sending its 4-bit LID code followed by 3-bit HID code followed
by R/W = ‘1", At this point, during the 9th bit, the Host has two options to take the action as noted below:

a) Host sends an ACK to accept the interrupt and hence accepts the IBI payload from the winning SDP5 Hub or
local Target device (i.e. TS5). After the IBI payload, the Host issues STOP operation.

b) Host sends an NACK followed by STOP operation.

In a rare but still possible scenario would be that at the exact same time as when the TS5 device is requesting an
interrupt, the Host is starting an operation to the same TS5. When this happens, neither Host nor the TS5 knows itis a
winner until the 8th bit and Host always wins. This is because, the TS5 sends R=1 (8th bit) during the interrupt. The Host
sets W=0 (8th bit) during the operation. As a result, the Host wins and the TS5 must let go of the bus and wait for the next
opportunity to send an interrupt.

In an extreme rare but still possible scenario would be that at the exact same time as when the TS5 device is requesting
an interrupt, the Host is requesting a read operation with default read address pointer mode to the same TS5 device.
When this happens, there is no winning device. This is the only time there is no winning device. This is because, the TS5
device sends R=1 (8th bit) during the interrupt and Host also sends R=1 for read request with default read address pointer
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mode. As a result, there is no winner because Host is waiting for TS5 to ACK and TS5 is waiting for Host to ACK. In this
case, neither Host nor TS5 will ACK. Since there is no ACK (i.e. NACK) by either device, the Host must time out and
repeat the read request with Repeat Start. When Host repeats the read request with Repeat Start, the TS5 does not send
an interrupt because of Repeat Start.

6.4. Clearing Device Status and IBI Status Registers

The TS5 device provides the IBI status in Table 9_25 MR48[7] by setting it to ‘1’. The TS5 device clears the IBI status
register Table 9 25 MR48[7] to ‘0’ automatically when it sends a complete IBI (including payload and without interruption)
and it also clears Pending Interrupt Bits [3:0] to ‘0000’. Once IBI status register is cleared, the TS5 does not request for an
IBI again unless another event occurs.

The TS5 device provides the device status in Table 9_28 MR51 and Table 9_29 MR52 registers. The status information in
Table 9_28 MR51 and Table 9_29 MR52 are latched and remains set even after the TS5 device sends IBI payload and
clears the IBI status register Table 9 25 MR48[7] to ‘0’. The Host must explicitly clear the status register through Clear
command by writing ‘1’ for appropriate status or by issuing a Global Clear command.

After Host issues Clear command, if the condition is no longer present, the TS5 device clears the appropriate status
register, clears the IBI status register to ‘0’ and Pending Interrupt Bits [3:0] to ‘0000’ even if the TS5 device has not sent
the IBI. After Host issues Clear command, if the condition is still present, the device will again set the appropriate status
register, sets the IBI status register to ‘1’ and Pending Interrupt Bits [3:0] to ‘0001’ even if the device has already sent the
IBIl and entire 1Bl payload.
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7. Error Check Function
7.1. Packet Error Check (PEC) Function

In 12C mode, packet error checking is not supported. Only I3C Basic mode supports packet error checking.

The TS5 device implements an 8-bit Packet Error Code (PEC) which is appended at the end of all transactions if PECs is
enabled through DEVCTRL CCC. The PEC is a CRC-8 value calculated on all the message bytes except for START,
REPEATED START, STOP conditions or ‘T’ bits, ACK and NACK and IBI header (7’h7E followed by W=0) bits.

The polynomial for CRC-8 calculations is:
C(X)=X2+ X2+ X"+ 1
The seed value for PEC function is all zero.
When Host calculates PEC for TS5 device, it includes LID and HID bits followed by R/W bit.

7.2. Parity Error Check Function

In 12C mode, parity error checking is not supported except for supported CCCs. Only I3C Basic mode supports parity error
checking.

By default, when TS5 device is put in I3C Basic mode, parity function is automatically enabled. The Host can disable the
function after it is enabled. Host can only disable the parity function with DEVCTRL CCC (RegMod = ‘0’). When parity
function is disabled, the TS5 device simply ignores the ‘T’ bit information from the Host. The Host may actually choose to
compute the parity and send that information during ‘T’ bit or simply drive static low or high in ‘T bit.

The TS5 device implements ODD parity. If an odd number of bits in the byte are ‘1’, the parity bit value is ‘0.
If even number of bits in the byte are ‘1’, the parity bit value is ‘1. The Host computes the parity and sends it during ‘T’ bit.

7.3. Packet Error Check and Parity Error Handling

There are two types of error checking done by the TS5 device: parity error checking and packet error checking. By
default, the parity error checking is always enabled and packet error checking is disabled when the TS5 device is putin
I3C Basic mode. The Host may enable the packet error checking at any time. The parity error is calculated for each byte.
The Host sends parity error information in ‘T’ bit.

I3C Basic defines TEO, TE1, TE2, TE3, TE4, TES5, TEG6 error detection for Target devices. Only TE1 and TE2 error
detection is supported by the TS5 for parity checking. All other errors are not supported and not applicable.

7.3.1. Write Command Data Packet Error Handling - PEC Disabled

The TS5 device checks for the parity error for each byte in a packet except for the device select code byte that it receives
from the Host as shown in Figure5 5.

Write command - if no parity error:

The TS5 device executes the command.

Write command - if parity error:

1.The TS5 device discards the byte in the packet that had a parity error.

2.The TS5 device discards all subsequent bytes in that packet until the STOP operation. The TS5 device may or may not
check parity for all sub-sequent bytes in that packet.

3.Note that as the packet contains more than one byte, if first byte had no parity error but the second byte had a parity
error, the TS5 device may or may not execute the first byte operation but second byte and all subsequent bytes
operations are discarded.

4.The TS5 device sets the Table 9 29 MR52[0], Table 9 25 MR48[7] and P_Err in GETSTATUS CCC to ‘1’; updates
Pending Interrupt Bits [3:0] to ‘0001’ and waits for the next opportunity to send an in band interrupt if 1Bl is enabled.

7.3.2. Read Command Data Packet Error Handling - PEC Disabled

The TS5 device checks for parity error for each byte in a packet except for the device select code byte that it receives
from the Host prior to Repeat Start as shown in .

The TS5 device does not compute the parity when it sends the data to the Host. The Host does not check for parity error
for the bytes that TS5 device sends. The TS5 device sends Continuous (‘1’) or Stop (‘0’) information during ‘T’ bit.

Read Command - If no parity error:

1.The TS5 sends ACK back to the Host when Host performs Start Repeat operation.

2.The TS5 device executes the command and sends the data as shown in Table5 9.
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Read Command - If parity error:

3.The TS5 device discards the byte in the packet that had a parity error.

4.The TS5 device discards second byte in that packet if the parity error occurred in first byte. The TS5 device may or may

not check the parity for second byte in that packet.

5.The TS5 sends NACK back to the Host when Host performs a Start Repeat operation. This is shown in the RED color cell

in Table5 9. The NACK represents either a parity error in one of the two bytes or that TS5 is not able to start the read

operation. The Host may re-try Repeat Start again. The Host may do the Repeat Start as many times as it may desire. If

the TS5 device NACKs due to parity error in a previous byte from the Host, it will always NACK regardless of how many

times Host tries Repeat Start.

6.The TS5 does not send the data shown in Table5_9 and instead expects Host to perform STOP operation.

7.The TS5 device sets Table 9_29 MR52[0] and Table 9_25 MR48[7] and P_Errin GETSTATUS CCC to ‘1’; updates Pending

Interrupt Bits [3:0] in GETSTATUS to ‘0001’ and waits for the next opportunity to send an in band interrupt if IBl is enabled.
7.3.3. Write Command Data Packet Error Handling - PEC Enabled

The TS5 device checks for the parity error for each byte in a packet except for the device select code byte that it receives
from the Host as shown in Table5_6. Further, the TS5 device checks for the packet error for the entire packet (from Start
condition until last byte of Data) that receives from the Host as shown in Table5 6.

Write command - if no parity error:

1.The TS5 device waits for the entire packet. If no error in packet, the TS5 device executes the command. If there is an
error in the packet, the TS5 device discards the entire packet and does not execute that packet and waits for STOP, sets
the Table 9_29 MR52[1] and Table 9_25 MRA48[7] to ‘1’ and PEC_Err in GETSTATUS CCC to ‘1’ and updates Pending
Interrupt Bits [3:0] in GETSTATUS CCC to ‘0001’ and waits for the next opportunity to send in band interrupt if IBI is enabled.

Write command - if parity error:

2.The TS5 device discards that byte and the entire packet until STOP operation.

3.The TS5 device sets Table 9_29 MR52[0] and Table 9_25 MR48[7] and P_Errin GETSTATUS CCC to ‘1’; updates Pending
Interrupt Bits [3:0] in GETSTATUS CCC to ‘0001’ and waits for the next opportunity to send in band interrupt if IBl is enabled.
4.The TS5 device may or may not check the error for the packet. If the TS5 device checks for the packet error, likely it will
detect an error in the packet and the device may also set Table 9 29 MR52[1] and PEC_Err in GETSTATUS CCC to ‘1’ as
well.

7.3.4. Read Command Data Packet Error Handling - PEC Enabled

The TS5 device checks for the parity error for each byte in a packet except for the device select code byte that it receives
from the Host prior to Repeat Start as shown in Table5_10.

The TS5 device does not compute the parity when it sends the data to the Host. It does not check for parity error for the
bytes shown in Table5 10. The TS5 device sends Continuous (‘1’) or Stop (‘0’) information during ‘T’ bit when TS5 device
is sending the read data.

The TS5 device checks for the PEC error for a packet that it receives from the Host from Start condition to Repeat Start
condition (from first device select code followed by the address offset and CMD byte).

The TS5 device computes the packet error code for the entire packet starting with Repeat Start (device select code and
the data TS5 device transmits back to Host)

Read command - If no parity error and no PEC error:

1.The TS5 sends ACK back to the Host when Host performs a Start Repeat operation.

2.The TS5 device executes the command and sends the data as shown in Table5_10.

3.The TS5 computes PEC for the bytes (from Start condition to PEC byte prior to Repeat Start) shown in Table5_10.

Read command - if parity error or PEC error:

1.The TS5 device discards the byte in the packet that had a parity error.
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2.The TS5 device discards second byte in that packet if a parity error occurred in first byte. The SPD5
3.Hub device may or may not check parity for the second byte in that packet.
4.The TS5 device discards the packet if there is a PEC error.
5.The TS5 sends NACK back to the Host when Host performs Start Repeat operation. This is shown in the RED color cell
in Table5 10. The NACK represents either PEC error or a parity error in one of the three bytes or that TS5 is not able to
start the read operation. The Host may re-try Repeat Start again. The Host may do the Repeat Start as many times it may
desire. The PEC calculation by TS5 device only includes device select code of the ACK responses of the Repeat Start
operation. In other words, if there are more than one Repeat Start operation, the TS5 device includes the device select of
only the last Repeat Start from the Host when it ACKs in PEC calculation and other NACK responses of the device select
codes of the Repeat Start are not included in PEC calculation. If the TS5 device NACKs due to PEC error or a parity error
in previous bytes from Host, it will always NACK regardless of how many times Host tries Repeat Start.
6.The TS5 does not send any data shown in Table5 10 and instead expects Host to perform STOP operation.
7.The TS5 device sets Table 9 29 MR52[0] and Table 9_25 MR48[7] and P_Err in GETSTATUS CCC to ‘1’ for parity error
and Table 9_29 MR52[1] and Table 9_25 MR48[7] and PEC_Err in GETSTATUS CCC to ‘1’ for PEC error. Further, the TS5
updates Pending Interrupt Bits [3:0] in GETSTATUS CCC to ‘0001’ and waits for the next opportunity to send an in band
interrupt if 1Bl is enabled.

7.3.5. CCC Packet Error Handling

Parity error and PEC error detected in a CCC packet are handled in the same way as described for normal Read/Write
operations.

7.3.6. Error Reporting

All error conditions including PEC error check and parity error check detected by the TS5 devices are captured in Table
9 28 MR51 and Table 9_29 MR52 registers.

There are three different possible ways error information can be communicated to the Host.
The Host makes the read request to Table 9_28 MR51 and Table 9_29 MR52 registers.
The Host starts any transaction with 7’h7E IBI header (only applicable in I3C mode).
The TS5 device sends in band interrupt if enabled, when its SCL and SDA input has been idle for tava. time (only

applicable in 13C Basic mode).

Copyright © 2025, NOVOSENSE Page 41



NST5111

8. Command Truth Table

The command truth table as shown in Table only applies in I°*C Basic mode with PEC enabled. In I’C mode and I3C Basic
mode with PEC disabled, the command truth table does not apply.
Table 8_1 For I3C Basic Mode Only w/ PEC Enabled - Command Truth Table

Command Code RW Address
T. N
S5 Command Command Name 2nd Byte Bits [7:5] ‘ 2nd ByteBit  1st ByteBits

i [4] [5:0]
Write 1 Byte to Register W1R 000 0 \%
Read 1 Byte from Register R1R 000 1 \%
Write 2 Byte to Register W2R 001 0 \%
Read 2 Byte from Register R2R 001 1 \%

Reserved RSVD 010 to 111 RSVD RSVD

Page 42
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9. Registers
9.1. Register Attribute Definition

All volatile registers have Base Attributes as defined in Table9 1. Some register attributes are further modified with
Attribute Modifiers, as defined in Table9 2.

The volatile register space has a continuous address.
Table 9_1 Register Base Attributes

Attribute Abbreviation Description

Read Only R This bit can be read by software. Writes have no effect.

Read/Write RwW This bit can be read or written by software.

Write Only w This bit can only be written by software.
This bit is reserved for future expansion and its value must not be modified by

R q RV software.

eserve The bit will return ‘0’ when read. When writing this bit, software must preserve the

value read unless otherwise indicated.

Table 9_2 Register Attribute Modifier

Attribute Abbreviation Description ‘
Write 1 Only 10 This bit can only be set (i.e. write ‘1’) but not reset (i.e. write ‘0’)
This bit is protected by the password registers TBD. This bit cannot be written to
Protected P ; : ;
unless the password code has been written into the password registers
Persistent E Persistent.
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9.2. Register Map

Register

Name

Register
Address

(Hex)

Attribute

Table 9_3 Register Map

Description

MRO 0x00 ROE Device Type; Most Significant Byte

MR1 0x01 ROE Device Type; Least Significant Byte

MR2 0x02 ROE Device Revision

MR3 0x03 ROE Vendor ID Byte 0

MR4 0x04 ROE Vendor ID Byte 1

MRS5 to MR6 0x05 to 0x06 RV Reserved

MR7 0x07 RO Device Configuration; HID

MR8 to MR17 | 0x08 to Ox11 RV Reserved

MR18 0x12 RO, RW Device Configuration

MR19 0x13 10 Clear Register MR51 Temperature Status Command

MR20 0x14 10 Clear Register MR52 Error Status Command

vinos 0x15 to 0x19 RV Reserved

MR26 Ox1A RwW TS Configuration

MR27 0x1B ;{(\?V RO, Interrupt Configurations

MR28 0x1C RwW TS Temperature High Limit Configuration - Low Byte

MR29 0x1D Rw TS Temperature High Limit Configuration - High Byte

MR30 Ox1E RwW TS Temperature Low Limit Configuration - Low Byte

MR31 Ox1F RwW TS Temperature Low Limit Configuration - High Byte

MR32 0x20 RwW TS Critical Temperature High Limit Configuration — Low Byte
MR33 0x21 RwW TS Critical Temperature High Limit Configuration — High Byte
MR34 0x22 RwW TS Critical Temperature Low Limit Configuration — Low Byte
MR35 0x23 RwW TS Critical Temperature Low Limit Configuration — High Byte
mszg to 0x24 to Ox2F RV Reserved for Device Configuration Type of Registers

MR48 0x30 RO Device Status

MR49 0x31 RO TS Current Sensed Temperature - Low Byte

MR50 0x32 RO TS Current Sensed Temperature - High Byte

MR51 0x33 RO TS Temperature Status

MR52 0x34 RO Misc. Error Status

ME?S;" 0x35 to Ox7F RV Reserved

ms;gg to 0x80 to OxFF RV Reserved for Vendor Specific Registers
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9.3. Thermal Sensor Registers Read Out Mechanism

All thermal registers are sixteen bit quantities stored in two consecutive registers; low byte first and then high byte. Five
bits are reserved for future use. Reserved bits are Read only bits and must be set to ‘0’ when Host writes to low and high
byte. The device returns ‘0’ in reserved bits when Host reads from the low and high byte. Remaining eleven bits in these
paired registers form a signed value of multiples of 0.25 ranging from -256.00 to + 255.75. Units for all thermal registers

are °C.

The format of each pair of thermal registers is shown in Table9 4 below.

Table 9_4 Thermal Register - Low Byte and High Byte

Register Bit7 Bit 6 Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0 |
MRX Low 8 4 2 1 0.5 0.25 RSVD RSVD
Byte
MRX+1 gﬁg RSVD | RSVD | RSVD Sign 128 64 32 16

Bit ‘Sign’ decides whether the readout temperature is positive or negative. The examples (reserved bits in grey, sign bit
highlighted in blue) is shown in Table9 5 below.

Table 9_5 Thermal Register Examples

High Byte Low Byte Value Unit
0000 0101 1111 0000 95 °C
0000 0101 0101 0000 85 °C
0000 0100 1011 0000 75 °C
0000 0000 0001 0000 1 °C
0000 0000 0000 1100 0.75 °C
0000 0000 0000 1000 0.5 °C
0000 0000 0000 0100 0.25 °C
0000 0000 0000 0000 0 °C
0001 1111 1111 1100 -0.25 °C
0001 1111 1111 1000 -0.5 °C
0001 1111 1111 0100 -0.75 °C
0001 1111 1111 0000 -1 °C
0001 1101 1000 0000 -40 °C
9.4. Register Description
Table 9_6 MRO

Device Type; Most Significant Byte'

Default Description

7:00 ROE

MRO[7:0]: MSB_DEV_TYPE
0x51

Device Type - These are hard coded.

The code in this register is used

Addr MR1

in conjunction with any device type in Table 9_7 MR1 register.
Table 9 7 MR1

‘ Device Type; Least Significant Byte'

Bits Attr

7:00

Default ‘

ROE -

Description
MR1[7:0]: LSB_DEV_TYPE

Device Type — Temperature Sensor - These are hard coded.

0x11: Grade A Temperature Sensor

0x10: Grade B Temperature Sensor

The code in this register is used

in conjunction with any device type in Table 9_6 MRO register.
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Addr
Bits

7:6

MR2

Attr
RV

Default

00

Table 9_8 MR2
Device Revision ‘

Description ‘
MRZ2[7:6]: Reserved

54

ROE

00

MR2[5:4]: DEV_REV_MAJOR
Major Revision

00 = Revision 1

01 = Revision 2

10 = Revision 3

11 = Revision 4

3:1

ROE

000

MR2[3:1]: DEV_REV_MINOR
Minor Revision

000 = Revision 0

001 = Revision 1

010 = Revision 2

111 = Revision 8

RV

MRZ2[0]: Reserved

Table 9_9 MR3
VENDOR ID

7:0

ROE

Default ‘

0x0E

Description
MR3[7:0]: VENDOR_ID_BYTEO

Vendor ID Byte 0

MR4

Table 9_10 MR4
VENDOR ID

Attr Default

Description

MRA4[7:0]: VENDOR_ID_BYTE1

7:0 ROE 0xB5
Vendor ID Byte 1
Table 9_11 MR7
Addr MR7 Device Configuration; HID' ‘
Bits Attr Default Description ‘
74 RV 0 MR7[7:4]: Reserved
MR7[3:1]: DEV_HID_CODE
Device HID Code. The TS5 device responds to unique 7-bit address as formed by 4
bit LID code as in Table 3 and 3-bit HID code as configured in this register.
3:1 RO 111
This register is updated when SETHID CCC is registered by the TS5 device or when
TS5 device goes through bus reset as described in Section 2.4.
0 RV 0 MR7[0]: Reserved
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The write (or update) transaction to this register must be followed by STOP operation to allow the TS5 device to update
the setting.

Table 9_12 MR18

Addr MR18 Device Configuration ‘
Bits Attr Default Description ‘
MR18[7]: PEC_EN

PEC Enable2,3

0 = Disable

1 = Enable

MR18[6]: PAR_DIS

Parity (T bit) Disable3,4

0 = Enable

1 = Disable

MR18[5]: INF_SEL

Interface Selection

0 = 12C Protocol (Max speed of 1 Mhz)

1 =13C Basic Protocol5

MR18[4]: DEF_RD_ADDR_POINT_EN

Default Read Address Pointer Enable

4 RwW 0 0 = Disable Default Read Address Pointer (Address pointer is set by the Host)6

1 = Enable Default Read Address Pointer; Address selected by register bits [3:2]

MR18[3:2]: DEF_RD_ADDR_POINT_START
Default Read Pointer Starting Address7

00 = MR49

01 = Reserved

3:2 RwW 0

10 = Reserved

11 = Reserved

MR18[1]: DEF_RD_ADDR_POINT_BL

Burst Length for Read Pointer Address for PEC Calculation8
0 = 2 Bytes

1 =4 Bytes

0 RV 0 MR18[0]: Reserved

The write (or update) transaction to this register must be followed by STOP operation to allow the TS5 device to update
the setting.

This register is only applicable if Table 9_12 MR18[5] = “1".

This register is updated when RSTDAA CCC is registered by TS5 device or when TS5 device goes through bus reset as
described in Section 3.4.

This register is only applicable if Table 9_12 MR18[5] = “1’. When Parity function is disabled, the TS5 device simply
ignores the ‘T’ bit information from the Host. The Host may actually choose to compute the parity and send that
information in ‘T’ bit or simply drive static low or high in ‘T’ bit.

This register is automatically updated when SETAASA CCC or RSTDAA CCC is registered by the TS5 device or when
TS5 device goes through bus reset as described in Section 3.4. This register can be read by the Host through normal
Read operation but it cannot be written with normal write operation either in I2C mode or I3C Basic mode of operation.
When this register is updated, it takes in effect when there is a next START operation (i.e. after STOP operation).

The setting in register Table 9_12 MR18[3:1] is don’t care.
This register is only applicable if Table 9_12 MR18[4] = “1".
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This register is only applicable if Table 9_12 MR18[7, 4] = “11".
Table 9_13 MR19

Clear Register Command

Addr

Bits

MR19
Attr

Default

Description

74

RV

0

MR19[7:4]: Reserved

10

MR19[3]: CLR_TS_CRIT_LOW

Clear Temperature Sensor Critical Low Status

1 = Clear MR51[3] Register

10

MR19[2]: CLR_TS_CRIT_HIGH

Clear Temperature Sensor Critical High Status

1 = Clear MR51[2] Register

10

MR19[1]: CLR_TS_LOW

Clear Temperature Sensor Low Status

1 = Clear MR51[1] Register

10

MR19[0]: CLR_TS_HIGH

Clear Temperature Sensor High Status

1 = Clear MR51[0] Register

This entire register is self-clearing register after corresponding register is cleared.

Table 9_14 MR20

Addr MR20 Clear Register Command" ‘
Bits Attr Default Description ‘
MR20[7]: CLR_SPD_BUSY_ERROR
7 10 0 Clear Write or Read Attempt while SPD Device Busy Error Status
1 = Clear MR52[7] Register
MR20[6]: CLR_WR_NVM_BLK_ERROR
6 10 0 Clear Write Attempt to Protected NVM Block Error Status
1 = Clear MR52[6] Register
MR20[5]: CLR_WR_NVM_PRO_REG_ERROR
5 10 0 Clear Write Attempt to NVM Protection Register Error Status
1 = Clear MR52[5] Register
4:2 RV 0 MR20[4:2]: Reserved
MR20[1]: CLR_PEC_ERROR
1 10 0 Clear Packet Error Status
1 = Clear MR52[1] Register
MR20[0]: CLR_PAR_ERROR
0 10 0 Clear Parity Error Status
1 = Clear MR52[0] Register

This entire register is self-clearing register after corresponding register is cleared.

Table 9_15 MR26

Addr MR26 Thermal Sensor Configuration ‘
Bits Attr Default Description ‘
71 RV 0 MR26[7:1] Reserved

MR26[0]: DIS_TS
0 RwW 0 -
Disable Temperature Sensor"
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‘ 0 = Enable thermal sensor

1 = Disable thermal sensor

If this bit is set to ‘1’ and then reset to ‘0’, the Host must wait minimum of tINIT before accessing samples on the thermal
sensor.

Table 9_16 MR27

Addr MR27 Interrupt Configuration |
Bits Attr Default Description ‘
MR27[7]: CLR_GLOBAL
7 10 0 Global Clear Event Status and In Band Interrupt Status1,2
1 = Clear MR48[7], MR51[3:0] and MR52[7:5, 1:0] Register
6:5 RV 0 MR27[6:5]: Reserved

MR27[4]: IBI_ERROR_EN
In Band Error Interrupt Enable for MR52 Error Log3

4 RO 0 0 = Disable; Errors logged in MR52[7:5, 1:0] registers do not generate an IBI to
Host

1 = Enable; Errors logged in MR52[7:5, 1:0] registers generates an 1Bl to Host
MR27[3]: IBI_TS_CRIT_LOW_EN

In Band Error Interrupt Enable for Temperature Sensor Critical Low

0 = Disable; MR51[3] = ‘1’ does not generate an IBI to Host

1 = Enable; MR51[3] = ‘1’ and MR27[4] = ‘1’ generates an IBI to Host
MR27[2]: IBI_TS_CRIT_HIGH_EN

In Band Error Interrupt Enable for Temperature Sensor Critical High
0 = Disable; MR51[2] = 1’ does not generate an IBI to Host

1 = Enable; MR51[2] = ‘1’ and MR27[4] = ‘1’ generates an IBI to Host
MR27[1]: IBI_TS_LOW_EN

In Band Error Interrupt Enable for Temperature Sensor Low

0 = Disable; MR51[1] = ‘1’ does not generate an IBI to Host

1 = Enable; MR51[1] = “1” and MR27[4] = ‘1’ generates an IBI to Host
MR27[0]: IBI_TS_HIGH_EN

In Band Error Interrupt Enable for Temperature Sensor High

0 = Disable; MR51[0] = ‘1’ does not generate an IBI to Host

1 = Enable; MR51[0] = ‘1’ and MR27[4] = ‘1’ generates an IBI to Host

This register is a self-clearing register after corresponding registers are cleared. Writing ‘0’ in this register has no effect.

After this command is issued, the device does not generate an IBI for any pending event. But if new event occurs, the
device does generate an IBI.

This register is automatically updated when ENEC CCC or DISEC CCC or RSTDAA CCC is registered by the TS5 device
or when TS5 device goes through bus reset as described in Section 3.4. This register can be read by the Host through
normal read operation but cannot be written with normal write operation either in 12C mode or I13C Basic mode. When this
register is updated, it takes effect when there is a next START operation (i.e. after STOP operation).

Table 9_17 MR28

Addr MR28 Thermal Sensor High Limit Configuration - Low Byte
Bits Attr Default Description
MR28[7:0]: TS_HIGH_LIMIT_LOW
7:0 RW 0x70 MR28 and MR29 - 16 bit thermal registers define the high limit for thermal sensor.

See Table 9_4 Thermal Register - Low Byte and High Byte.
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Critical temperature High Limit value must have a higher value than temperature High Limit (Table 9_17 MR28[7:0] and
Table 9_18 MR29[7:0]).

The Reserved bits are Read Only bits. The Host must write ‘0’ in reserved bits when writing and device always returns ‘0’
from reserved bits when reads this byte.

Table 9_18 MR29

Addr MR29 Thermal Sensor High Limit Configuration - High Byte'?
Bits Attr Default Description
MR29[7:0]: TS_HIGH_LIMIT_HIGH
7:0 RwW 0x03 MR28 and MR29 - 16 bit thermal registers define the high limit for thermal sensor.

See Table 9_4 Thermal Register - Low Byte and High Byte.

Critical temperature High Limit value must have a higher value than temperature High Limit (Table 9_17 MR28[7:0] and
Table 9_18 MR29[7:0]).

The Reserved bits are Read Only bits. The Host must write ‘0’ in reserved bits when writing and device always returns ‘0’
from reserved bits when reads this byte.

Table 9_19 MR30
Addr MR30 Thermal Sensor Low Limit Configuration - Low Byte

Bits Attr Default Description

MR30[7:0]: TS_LOW_LIMIT_LOW

7:0 Rw 0 MR30 and MR31 - 16 bit thermal registers define the low limit for thermal sensor.

See Table 9_4 Thermal Register - Low Byte and High Byte.

Critical temperature Low Limit value must have a lower value than temperature Low Limit (Table 9_19 MR30[7:0] and
Table 9_20 MR31[7:0]).

The Reserved bits are Read Only bits. The Host must write ‘0’ in reserved bits when writing and device always returns ‘0’
from reserved bits when reads this byte.

Table 9_20 MR31
Addr ‘ MR31 Thermal Sensor Low Limit Configuration - High Byte

Bits ‘ Attr Default Description
MR31[7:0]: TS_LOW_LIMIT_HIGH

7:0 RW 0 MR30 and MR31 - 16 bit thermal registers define the low limit for thermal sensor.

See Table 9_4 Thermal Register - Low Byte and High Byte.

Critical temperature Low Limit value must have a lower value than temperature Low Limit (Table 9_19 MR30[7:0] and
Table 9_20 MR31[7:0]).

The Reserved bits are Read Only bits. The Host must write ‘0’ in reserved bits when writing and device always returns ‘0’
from reserved bits when reads this byte.

Table 9_21 MR32

Addr MR32 Thermal Sensor Critical Temperature High Limit Configuration - Low Byte

Bits ‘ Attr Default Description
MR32[7:0]: TS_CRIT_HIGH_LIMIT_LOW

MR32 and MR33 - 16 bit thermal registers define the critical temperature high limit
for thermal sensor.

See Table 9_4 Thermal Register - Low Byte and High Byte.

7:0 RW 0x50

Critical temperature High Limit value must have a higher value than temperature High Limit (Table 9_17 MR28[7:0] and
Table 9_18 MR29[7:0]).
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The Reserved bits are Read Only bits. The Host must write ‘0’ in reserved bits when writing and device always returns ‘0’
from reserved bits when reads this byte.

Table 9_22 MR33

Addr | MR33 Thermal Sensor Critical Temperature High Limit Configuration - High Byte

Bits Attr Default Description
MR33[7:0]: TS_CRIT_HIGH_LIMIT_HIGH

MR32 and MR33 - 16 bit thermal registers define the critical temperature high limit for
thermal sensor.

7:0 RW 0x05

See Table 9_4 Thermal Register - Low Byte and High Byte.

Critical temperature High Limit value must have a higher value than temperature High Limit (Table 9_17 MR28[7:0] and
Table 9_18 MR29[7:0]).

The Reserved bits are Read Only bits. The Host must write ‘0’ in reserved bits when writing and device always returns ‘0’
from reserved bits when reads this byte.

Table 9_23 MR34

Addr MR34 Thermal Sensor Critical Temperature Low Limit Configuration - Low Byte

Bits ‘ Attr ‘Default Description
MR34[7:0]: TS_CRIT_LOW_LIMIT_LOW

MR34 and MR35 - 16 bit thermal registers define the critical temperature low limit
for thermal sensor.

See Table 9_4 Thermal Register - Low Byte and High Byte.

7:0 RwW 0

Critical temperature Low Limit value must have a lower value than temperature Low Limit (Table 9_19 MR30[7:0] and
Table 9_20 MR31[7:0]).

The Reserved bits are Read Only bits. The Host must write ‘0’ in reserved bits when writing and device always returns ‘0’
from reserved bits when reads this byte.

Table 9_24 MR35
Addr ‘ MR35 Thermal Sensor Critical Temperature Low Limit Configuration - High Byte

Bits ‘ Attr Default Description
MR35[7:0]: TS_CRIT_LOW_LIMIT_HIGH

MR34 and MR35 - 16 bit thermal registers define the critical temperature low limit
for thermal sensor.

See Table 9_4 Thermal Register - Low Byte and High Byte.

7:0 RW 0

Critical temperature High Limit value must have a higher value than temperature High Limit (Table 9_19 MR30[7:0] and
Table 9_20 MR31[7:0]).

The Reserved bits are Read Only bits. The Host must write ‘0’ in reserved bits when writing and device always returns ‘0’
from reserved bits when reads this byte.

Table 9_25 MR48
Addr MR48 Device Status

Bits Attr Default Description
MR48[7]: IBI_STATUS

Device Event In Band Interrupt Status

7 RO 0 -
0 = No pending IBI
1 = Pending IBI
6:0 RV 0 MR48[6:0]: Reserved
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Table 9_26 MR49
Addr ‘ MR49 Current Sensed Temperature - Low Byte

Bits ‘ Attr Default Description
MR49[7:0]: TS_SENSE_LOW

MR49 and MR50 - 16 bit thermal registers return the most recent conversion of the
7:0 RO 0 thermal sensor.

See Table 9_4 Thermal Register - Low Byte and High Byte.

The device always returns ‘0’ from reserved bits.
Table 9_27 MR50

Addr ‘ MR50 ‘ Current Sensed Temperature - High Byte

Bits ‘ Attr ‘Default Description
MR50[7:0]: TS_SENSE_HIGH

MR49 and MR50 - 16 bit thermal registers return the most recent conversion of the
thermal sensor.

See Table 9_4 Thermal Register - Low Byte and High Byte.

7:0 RO 0

The device always returns ‘0’ from reserved bits.
Table 9_28 MR51

Addr ‘ MR51 Thermal Sensor Temperature Status ‘
Bits ‘ Attr Default Description ‘
74 RV 0 MR51[7:4]: Reserved

MR51[3]: TS_CRIT_LOW_STATUS

3 RO 0 Temperature Sensor Critical Low
0 = Temperature is above the limit set in MR34 and MR35
1 = Temperature is below the limit set in MR34 and MR35
MR51[2]: TS_CRIT_HIGH_STATUS

2 RO 0 Temperature Sensor Critical High
0 = Temperature is below the limit set in MR32 and MR33
1 = Temperature is above the limit set in MR32 and MR33
MR51[1]: TS_LOW_STATUS
Temperature Sensor Low

! RO 0 0 = Temperature above limit set in registers MR30 and MR31
1 = Temperature below limit set in registers MR30 and MR31
MR51[0]: TS_HIGH_STATUS

0 RO 0 Temperature Sensor High
0 = Temperature is below the limit set in registers MR28 and MR29
1 = Temperature is above the limit set in registers MR28 and MR29

Table 9_29 MR52

Addr ‘ MR52 ‘ Hub and Thermal Sensor Error Status ‘
Bits ‘ Attr ‘ Default Description ‘
7:2 RO 0 MR52[7:2]: Reserved

MR52[1]: PEC_ERROR_STATUS
Packet Error'?2
1 RO 0
0 = No PEC Error
1 = PEC Error in one or more packets
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MR52[0]: PAR_ERROR_STATUS
Parity Check Error?3

0 = No Parity Error

1 = Parity Error in one or more bytes

Only applicable Table 9_12 MR18[5] = ‘1’ and if PEC function is enabled.

This register is updated when TS5 device goes through bus reset as described in Section 3.4.
Only applicable in Table 9_12 MR18[5] = ‘1’ and if Parity function is not disabled or for supported CCC in 12C mode.

0 RO 0

Copyright © 2025, NOVOSENSE Page 53



NST5111

10. Package Information
10.1. WLCSP Package Information
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Symbol Dimension in mm
NOM Toler.
A 0.810 +0.020
B 1.310 +0.020
C 0.440 +0.039
C1 0.140 +0.014
ce 0.300 +0.025
C3 0 No BSC
D 0.202 +0,020
£l 0.500 N&
E2 0.500 NA

Figure 10.1 6-ball WLCSP Package

Symmetry
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11. Tape and Reel Information

Carrier tape Hole

Figure 11.1 Tape & Reel Information
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12. Ordering Information

Marking Description
NST5111-DCAAR 3000ea/Reel 1 \1—3;2 WLCSP-6 package, reel

NOTE: All packages are RoHS-compliant with peak reflow temperatures of 260 °C according to the JEDEC industry
standard classifications and peak solder temperatures.
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13. Marking Information

Type

Line

Marking

Description

NST5111-
DCAAR

75111
YYZZ

1 T511 Fixed character
YY -- year
2 Yyzz Z7Z -- weekly
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14. Revision History

Revision = Description Date
0.1 Initial Version 2023/5/2
0.2 Updated some language descriptions and added packaging information 2023/6/6
0.3 Updated MID information & tape and reel information 2023/6/7
0.4 Update version format 2023/8/9
1.0 Official version 2024/4/8
1.1 Add Land pattern information 2024/8/28
1.2 Add MSL information 2024/9/5
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IMPORTANT NOTICE

The information given in this document (the “Document”) shall in no event be regarded as any warranty or authorization of,
express or implied, including but not limited to accuracy, completeness, merchantability, fithess for a particular purpose or
infringement of any third party’s intellectual property rights.

Users of this Document shall be solely responsible for the use of NOVOSENSE'’s products and applications, and for the
safety thereof. Users shall comply with all laws, regulations and requirements related to NOVOSENSE’s products and
applications, although information or support related to any application may still be provided by NOVOSENSE.

This Document is provided on an “AS IS” basis, and is intended only for skilled developers designing with NOVOSENSE’s
products. NOVOSENSE reserves the rights to make corrections, modifications, enhancements, improvements or other
changes to the products and services provided without notice. NOVOSENSE authorizes users to use this Document
exclusively for the development of relevant applications or systems designed to integrate NOVOSENSE’s products. No
license to any intellectual property rights of NOVOSENSE is granted by implication or otherwise. Using this Document for
any other purpose, or any unauthorized reproduction or display of this Document is strictly prohibited. In no event shall
NOVOSENSE be liable for any claims, damages, costs, losses or liabilities arising out of or in connection with this Document
or the use of this Document.

For further information on applications, products and technologies, please contact NOVOSENSE (www.novosns.com).

Suzhou NOVOSENSE Microelectronics Co., Ltd
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